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FOREWORD

The problem  of increasing agricultural p roduction is p resenting a more 
and  more com plicated task  for biological sciences. The continuous increase 
of p lan t p roduction yield is only possible if we are fam iliar w ith  the  soil; 
the  physical, chemical and  biological processes tak ing  place in it, and  
w ith the application of appropriate  agrotechnical m ethods by  w hich we 
can direct these in such a way th a t  the fe rtility  of soils be m ain tained  and 
constan tly  increased.

I  th ink  we all agree th a t  there is an  exceptionally clear relationship b e
tween the properties of certain  soils and  the ac tiv ity  of the  microorganisms 
residing in them . I t  is th an k s to  the  world renow ned soil m icrobiologists 
such as W inogradsky, Löhnis, H iltner, Om eljansky, S toklasa, Fehér and 
others th a t in the first decades of our cen tu ry  the one-sided chemical a p 
proach was replaced by a  biological one. This m eans th a t investigations of 
the soil w ith  chemical and physical m ethods can only be successful if we 
consider the tren d  of the  biological and  biochemical processes occurring 
there, since these reac t directly  or indirectly  on the chemical and physical 
properties.

In  o ther words, w ith  chemical and  physical m ethods we can fix a  given 
s ta te  of the soil while w ith  the biological approach  we can evaluate  the 
soil in change and  dynam ics. This factor of course is valid  vice versa too. 
W e can become fam iliar w ith  the role of the physiology of microorganisms 
in na tu re  only if we s tu d y  the chemical and  physical properties of the  soil 
from which they  originate.

I t  is obvious from  th is also, th a t  soil microbiology is an  inseparable 
branch  of those sciences dealing w ith  the soil whose basic aim is to  know 
the physiological ac tiv ity  of the  organisms, residues in the  soil and  the 
biochemical changes which are a resu lt of this; m oreover the  transfo rm a
tions and  by  establishing the rules to  hand  them  over to  practice.

This sym posium  deals w ith  two such aspects which are regarded  as u rgen t 
problem s for agricu ltural science no t only from  a theoretical b u t also p rac
tical poin t of view.

L et us consider the first problem  area, the question of the transform ation 
of p lan t m aterials getting  in to  the soil. The constan t im proving of 
harvesting agricultural products by machine and  w ith  its extension resu lt 
in the fact th a t  an  ever increasing num ber of p lan t p a r ts  a p a rt from  the 
basic crops rem ain on the  surface of the soil or ra th e r in the  soil. Moreover, 
the im proved anim al husbandry  m ethods as well as the  production 
of intensive cereal varieties and  their machine harvesting resu lt in the
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end  in the decrease of farm  m anure. This en tails th a t  the n u trien t replace
m ent will become an  ever increasing task  of the fertilization industry .

I t  is no t indifferent for us how the huge p lan t m ass rem aining in the 
soil influences the efficiency of fertilizers and  how it  affects the carbon cycle 
which finally is m anifest in the  q u an tity  and  quality  of hum ic m aterials; 
also the  organic com pounds of p lan ts rem aining a fte r harvesting can 
m ain tain  the balance of organic m a tte r  con ten t of soil or even perhaps 
raise it?  B y clarifying these questions serves to  help the agrotechnical 
m ethods in their fu rth e r im provem ent.

The o ther problem  sphere which is concerned w ith  the  interrelationship  
of pesticides and  m icroorganisms applied in agriculture is ju st as im portan t. 
M odern agriculture is ever m ore widely using the  different herbi
cides, fungicides and  insecticides. The chemicals used in the course of p lan t 
pro tection  reach the soil p a r tly  or wholly and  there come in contact w ith 
the microscopic organism s residing there. This relationship which is m utual 
is ex trem ely  com plicated an d  complex. On the one hand , the  pesticides 
m ay inh ib it or stim ulate  the physiological processes of certain  m icroor
ganism  groups, and  thus change the direction and  p a tte rn  of the m icro
biological processes. On the o ther hand, in the detoxification of pesticides the 
m icroorganisms have a g rea t im portance besides the chemical and  colloid- 
chemical factors, because these e ither indirectly  or d irectly  neutralize the 
pesticides which have accum ulated  superfluously in the soil. This takes 
place indirectly  in such a w ay th a t  the  pesticides come in con tac t w ith 
th e  m etabolic p roducts of different m icroorganisms and  lose their effect; 
certain  microorganisms can utilize them  directly  as n u trien t source.

The M inistry for A griculture and  Food highly esteem s the aims of the 
Sym posium  because it  has set as its  cen tral task  the  problem  of increasing 
soil fertility  which actually  serves to  raise the food supply of m ankind. 
Irrespective of our believes, we consider it  no t only an  honourable task 
b u t a d u ty  to  m ankind.

G. Sods
The F irs t D ep u ty  of the 

M inister for A griculture and  Food, 
P residen t of the  H ungarian  

Society of A gricultural 
Sciences
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FOREWORD

The first in terna tional H ungarian  Symposium  on Soil Microbiology aim ed 
to  discuss very  real problem s. The microorganisms influence basically the 
form ation of the soil fe rtility  in the course of the transform ation  of soil 
organic m aterials. The in teraction  between soil m icroorganisms and  her
bicides is such a subject which on the effect of using chemical m aterials 
is one of the new factors of the agriculture of our age— chemicalization 
which m akes i t  so real.

The fertile soils had  m any such new factors during recen t years, which 
earlier did  no t exist. Among them  particu la r a tten tio n  should be paid  to 
the changed composition of the organic m aterials in troduced in to  the soil, 
the use of fertilizers in large am ounts, the  general use of pesticides. The 
im portance of the last is well illustra ted  by  the  following d a ta : 120 kg pure 
active ingredient fertilizers are applied yearly  nowadays for 1 hec tar of 
agriculturally  cu ltivated  te rrito ry . The am ount of pesticides used in agri
culture has increased alm ost tenfold in one decade. Besides q uan tita tive  
d a ta  th a t qualita tive index is in teresting, according to  which the num ber 
of com pounds used as active ingredients of the different fertilizers and 
pesticides surpasses five hundred.

There is no doubt, th a t  such g rea t changes of which the’m ajority  directly  
affect the soil, resu lt in such a chain of microbiological in teractions, whose 
s tudy  an d  evaluation is n o t only of scientific b u t also of general in terest.

As it is well know n the defense of the biosphere becomes day  a fte r day 
one of the cen tral scientific program s of our age. The scientific organs and 
scientists of all countries have w orked ou t concrete research them es and 
large-scale in terna tional cooperation and  collaboration has been realized.

We I have been preparing research plans for the fu tu re in the H ungarian 
Academ y of Sciences too. In  all] likelihood the defense of the  biosphere 
will be such a  research program  in H ungary  for which im p o rtan t m aterial 
and  in tellectual power will be concentrated. The research connected w ith 
the biosphere will have complex features which will require the coopera
tion of m any branches of science — agricultural, medical, biological, hydro-
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logical and  sociological respectively —th a t  is, the bringing into harm ony basic, 
applied and  developing research.

As regards m ain tain ing  and  increasing soil fertility , and  decreasing the 
harm ful side effects of the use of chemicals has a g reat role and  im portance.

We expect the g rea test help from  the  soil microbiologists th a t  th ey  m ay 
be able to  p red ic t changes and  to  solve the  problem  of directing and  regu
lating  the physiological processes tak ing  place in the  soil.

I .  L á n g

D epu ty  Secretary  of the 
H ungarian  Academ y of 

Sciences
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EDITOR’S PREFACE

I t  was the first occasion in H ungary  th a t  an in terna tional scientific sym 
posium  was organized in the field of soil microbiology. The program m e o f 
the  sym posium  was arranged  so th a t  bo th  theoretical and  p ractical p ro b 
lems would be discussed. This is reflected in the  two them es. 1. The role 
of microorganisms in the  transform ation  of soil organic m ater, and  2. 
In teractions between herbicides and  microorganisms.

We th ink  th a t our sym posium  has achieved its aim. The scientific results 
p resen ted  a t  it  and  the discussions conducted there will help the fu rth e r 
work of the partic ip an ts . The personal connections form ed a t  the sym posium  
have streng thened  the in te rna tional cooperation of soil m icrobiologists.

We should like to  express our thanks to  the H ungarian  A cadem y of 
Sciences, M inistry o f A griculture and  Food as well as the  H ungarian  Asso
ciation of A gricultural Sciences for the extensive m oral and  financial help, 
which they  gave in organizing the sym posium . We are g ra te  tu I to  Profes
sor E. N. M ishustin and  Professor K . Dom sch who, w ith  the p resen tation  
of their high level stim ulative in troducto ry  lectures have raised the scien
tific s tan d ard  of the  sym posium , furtherm ore to  foreign colleagues tak ing  
p a r t  in the sym posium  and  hoping they  have felt well in our country . 
W e are m uch obliged for the  active support of all partic ipan ts  of the sym po
sium . L ast b u t not least, th an k s are due to  the  un tiring cooperation of the 
colleagues in the Organizing Com ittee and  others who, inspite of the diffi
culties, ensured the successful organization and  sm ooth running of the 
sym posium .

B udapest, 1970 J . Sz e g i
The P residen t of the 

Organizing Com m ittee
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SECTION [

T H E  R O LE OF MICROORGANISMS IN  T H E  
TRANSFORM ATION OF SOIL ORGANIC MATTER





Sym p. Biol. H uny. 11, pp . 25—39 (1912)

POTENTIAL AND EFFECTIVE SOIL FERTILITY AS 
RELATED TO PLANT REMAINS*

E. N. M is h u s t in

INSTITUTE OF MICROBIOLOGY OF THE ACADEMY OF SCIENCES OF THE USSR,
MOSCOW, USSR

The richness of organic m a tte r in the soil has always been associated w ith 
fertility . I t  is only too n a tu ra l therefore th a t  the properties of soil organic 
com pounds have been stud ied  w ith such a tten tio n  from  the very  beginning 
of n a tu ra l h istory  as a sicence.

I t  will be recalled th a t  a t  early  stages, serious blunders were m ade in 
assessing the role of organic com pounds in soil fertility . There appeared 
T haer’s “ hum us” theory  of nu trition , according to  which, hum us was a 
d irect source of p lan t nu trition . F o ra sc o re o f  years or so, the  “ hum us” theory  
was universally accepted un til Boussingault and  Liebig the  founders of 
the m ineral theory  of p lan t nu trition , published th e ir works. Y et, even 
this new approach som etim es led to  extrem es and  all sorts of erroneous 
notions as to  the  role of hum us.

A large series of subsequent researches in the last century , the m ost 
prom inent of them  — by Schlösing, K ostychev, Dokuchaev, Deherain and  
DemusSi — m ade it possible to  establish  the crucial im portance of hum us 
in im parting  valuable agronom ical characteristics to  the soil. I t  was shown 
th a t hum us .was a source of p lan t n u trien ts  (above all nitrogen) passing 
during decom position into available forms. H um us provides the m edium  
w ith  a com bination of ex trem ely  valuable n u trien ts  and  hence po ten tia l 
soil fe rtility  to  build  up. Besides, hum us shares in the building of a soil 
s tru c tu re  absolutely essential for a most favourable air and  w ater regime in 
the soil. And finally, by form ing complex com pounds w ith  m any  soil m ineral 
com ponents, hum us m akes these com ponents available to  p lants.

In  recen t years, F laig (1968) and  C hristeva (1953) succeeded in showing 
th a t individual fractions of hum us com pounds or th e ir decom position 
p roducts stim ulated  p lan t growth.

This conclusion fully correlates w ith the m odern view of organic and  
organo-m ineral fertilizers as the m ost effective suppliers of n u tritio n  to 
p lan ts.

Today, there rem ains little  or no doub t ab o u t soil hum us being extrem ely  
useful and  abou t the im portance of no t only its preservation , b u t also 
its  accum ulation in cu ltivated  soils. Indeed, according to  K ononova (1963), 
soils under cultivation ten d  to lose hum us quite appreciably, the agronom i
cal characteristics of th e ir arable layer thus get worse. In  12—13 years of 
cultivation, virgin soils lose hum us a t  the following ra tes: up to  40%  in

* In tro d u c to ry  lec tu re  o f Section  I .
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the podzolic zone; 7%  in the chernozem zone; 70%  in the  serozem (gray 
soil) zone.

Especially acute are the losses of hum us in the soil on application of 
m ineral fertilizers sharp ly  stim ulating  the mineralizing activities of soil 
m icroorganisms as reported  by M ishustin and  N ikitin  (1961). Now when 
chemical fertilizers have been increasingly used in agriculture, the problem  
of supplem enting the lost hum us becomes particu larly  prom inent, the more 
so, as the usual p ractice is to  app ly  physiologically acid m ineral fertilizers 
which im p art acid ity  to  the soil giving rise to  adverse phenom ena. These 
phenom ena have a tendency  to  expand  w ith time, and  especially rapidly, 
in low-hum us soils. Sometim es toxic alum inium  salts become soluble, phvto- 
pathogenic fungi m ultiply faster, etc.

The increasing application of m ineral fertilizers calls for considering 
the problem  of soil hum us from  different angles.

The p a tte rn s  on which hum ic substances build up under n a tu ra l condi
tions are now quite clear. Being unable to  analyse lite ra tu re  available 
on this problem , we shall lim it the p resen t discussion to  certain  generali
zations. Rodin and  Bazilevich (1965) give us a general idea of the  q u an ti
ties of organic m a tte r and  chemical elem ents contained in the litterfall of 
p lan t com m unities of different clim atic zones. These quan tities grow in 
direction from n o rth  to  south. However, the accum ulation of hum us in 
the soils of different zones fails to  yield an exponential curve in view of 
differences in the ac tiv ity  energy of microorganisms from  zone to  zone. 
These differences are also responsible for the non-uniform ity of the synthesis- 
decom position process of soil hum us. According to  K ononova, in the north , 
where the num ber of m icroorganism s is low and  their ac tiv ity  weak, hum us 
is produced in low am ounts. I ts  slow accum ulation in the south  is d e te r
m ined on the contrary , by  too m uch d ispatch w ith m icroorganism s destroy 
p lan t rem nants. The accum ulation of hum us reaches a m axim um  somewhere 
in-between (chernozem soils).

Since the ac tiv ity  of m icroorganisms is m ainly determ ined  by hydro- 
therm al conditions, i t  is n a tu ra l enough th a t  Volobuiev (1968) ob tained  
a  ra th e r descriptive form ula for the relationship between the ra te  of hum us 
accum ulation and  the hydrofactor value.

The hydrofactor (Hf) indicates changes in the m oisture conditions with 
different ratios between p recip itations (P) and  the m ean annual tem pera
tu re  (T). H ydrofactor values are calculated by the em piric form ula:

H f  =  43.2 lg P - T  .

H igh-hum us soils are characterized by average hydrofactor values varying 
from  105 to  112. Thick chernozems have a  hydrofactor value of 110. W ith 
lower or higher hydrofactor values, the hum us con ten t sharp ly  drops.

The soil fe rtility  built up n a tu ra lly  by  prolonged cu ltivation should no t 
be allowed to  decrease. Progressive crop-rotation system s are arranged 
so th a t  each of their com ponents increases soil fe rtility  instead of decreasing 
it. Lenin w rote th a t  the law of dim inishing soil fertility  failed to  apply  
whenever technology was m aking progress and  the modes of p roductiv ity  
were transform ing.

A very  g rea t role in replenishing soil fertility , and  hum us in particu lar, 
is p layed  by perennial grasses (especially legumes). However, large masses
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of organic m a tte r  in the form of grain and  straw  of cereal crops are annually  
rem oved from  the  field. Only a sm aller p a r t of the rem oved com pounds is 
re tu rn ed  into the soil in the form of m anure, th e ir g rea ter p a r t being 
lost for ever.

In  the  USSR, where some 120,000,000 hectares are under cereals, the 
to ta l yield of straw  is at least equal to  250,000,000 tons. At rough esti
m ates, some 100,000,000—110,000,000 tons of this to ta l are n o t used beino- 
m ainly b u rn t up a t  the place of harvesting, because the tran sp o rta tio n  
of straw  from field costs too m uch, m aking roughly 50-60%  of the  to ta l 
cost of harvesting. The prepara tion  of artificial m anure from  the straw  
is also expensive.

In view of this, it  w ould be the m ost economical to  use straw  rem nants 
righ t on the spot as organic fertilizer and  some such a ttem p ts  were indeed 
m ade by Russian and  foreign researchers. A num ber of dissertations 
(Erofeev and V ostrov 1964; Vostrov 1963; Golod 1967;Sinkha 1969, etc.) 
review lite ra tu re  on this problem  in considerable detail and  here it will 
be discussed only briefly.

The first experim ents using straw  as a fertilizer were staged w ith  a 
certain  m easure of success in R ussia by K ashirsky  (1900) and  K aluzhsky 
(1906). L a te r  on, Sabinin and  Vyalovsk v used cotton rem nants as a fertilizer 
for cotton. The experim ents w ith  straw  rem nants were continued by others 
w ith variable success (Fedorov 1952; R om ashkevich 1966, etc.).

At R o tham stead  S tation in Britain, straw  was tes ted  as a  fertilizer 
bv T horn ton  (1929), and  others.

A t Versailles S ta tion  in France, m uch experim entation  w ith  straw  was 
done by Simon (1959). L a te r works were sum m arized by W icke (1967) 
and  K ü h n  and  Longe (1969). A g reat deal of a tten tio n  is given to  straw  
as a possible fertilizer in A ustralia.

The experim ents so far perform ed provide grounds for a  s ta tem en t th a t 
straw  rem nants possessing a wide C/N ra tio  on being applied  to  soil will 
immobilise nitrogen. Therefore, th e ir application under cereals and  o ther 
crops no t fixing m olecular nitrogen should be accom panied by applying 
m ineral nitrogen in an approxim ate dose of 5 — 7 kg per ton  of straw . 
U nder legumes, straw  can be applied w ithout m ineral nitrogen, since this 
fam ily of p lan ts satisfies its dem and by fixing N 2 from  the air. The above 
requirem ents being m et, straw  fertilizers usually  give good results and  som e
tim es increase the yield of farm  crops. A t the same time, the results from  
th e ir application m ay be poor often  in the absence of devices for the désin
tégra tion  of straw  before its incorporation in to  the soil.

In  view of the p ra tical im portance of the problem  under discussion, 
the au th o r of this paper and  o thers subjected  it to  experim ental verifica
tion on the assum ption th a t the arable layer was heterogeneous. The exper
im ents staged  in the labora to ry  showed beyond doub t th a t  under norm al 
m oisture rap id  mobilising processes in the  upper portion of the  arable 
layer proceed w ith m uch greater energy. The upper arable layer produces 
m ore carbon dioxide and  n itra tes, more vigorously destroys cellulose and 
the process of hum us form ation in it proceeds w ith more vigour as well. In  
the final analysis, the  soil of th a t portion has a higher po ten tia l fertility .

I t  follows from  the  above th a t  the agronom ical effect on the  application 
of straw  rem nants a t  different dep ths should be far from  uniform . This
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supposition was verified by 
vegetation experim ents us
ing podzolic soil from  a 
te s t p lo t of the T im iryazev 
A gricultural Academ y near 
Moscow. D esin tegrated  
w heat straw  (into cuttings, 
about 1 cm long) was ap 
plied in to  vessels holding 8 kg 
of soil each (35 g per vessel, 
which corresponds to  10.5 
tons p er hectare). In  the 
first varian t, the straw  was 
applied in to  the 0 — 10 cm 
layer, while in the second, it 
was uniform ly m ixed through
out the  soil mass in the 
vessel. The m oisture con ten t 
of the soil was set a t  60%  
of the m axim um  m oisture 
capacity . The experim ent 
was held a t  a tem peratu re  
of 20 — 25 °C.

The application of straw  
caused a sharp rise in the 
ac tiv ity  of microorganisms 
in the 0 —10 cm layer. I t  will 
be recalled th a t  even such 
stable com pounds as cellu
lose and  lignin cause the 
activation  of soil microflora 
(Szegi 1961, H aider and  
Dom sch 1968). O m itting 
the analysis of the d ynam 
ics of microorganisms, we 
shall propose th a t  their 
propagation  led to  the 
im m obilization of nitrogen 
(Fig. 1). In  the lower layer 
(20—30 cm), appreciable 
am ounts of n itrogen  got 
fixed only on th e  app lica
tion  of straw .

In  the n ex t experim ent, 
conducted under analogous 
conditions, the oxidation- 
reduction po ten tia l of the  
soil on different applications 
of straw  was m easured, on 
application:
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Fig. 3. G erm ination  o f w heat in  d iffe ren t layers o f th e  te s t  soil; K H -co n tro l (no s traw  
applied), H H -soil from  th e  low er lay e r o f th e  vessel (20 — 30 era) on ap p lica tio n  o f 
s traw , P H -so il from  th e  u p p e r lay e r o f th e  vessel in  w hich s traw  w as inco rpo ra ted  

un ifo rm ly  th ro u g h o u t th e  soil m ass (0—30 cm)

a)  in to  the  upper 10 cm;
b)  in to  the en tire  soil mass;
c) in to  the 20—30 cm layer.
As i t  follows from  Fig. 2 the application of straw  in to  the u pper layer 

resu lted  in a som ewhat lower oxidation-reduction poten tial. A pproxim ately  
in tw o m onths, it dropped to  300—330 m illivolts. On the  application of 
straw  into the lower layer, sharply  reduced conditions m anifested  th em 
selves. The oxidation-reduction po ten tial dropped to  100 — 200 m illivolts 
for quite a long time.

On the decom position of straw  in the soil, products toxic to  p lan ts  could 
have accum ulated  in the soil. In  order to  verify this supposition, soil 
sam ples were taken  from different dep ths from  a  vessel in to  which straw  
had  been applied th roughou t the  entire mass of soil following incubation. 
The soil was sown w ith  wheat. As shown in Fig. 3, the upper layer was not 
toxic being the same as the  control, w hereas on thes oil of the  lower layer, 
the  p lan ts  were obviously suppressed. The soil was the m ost toxic a fte r 
the first 14 — 20 days of soil incubating w ith  straw .

On increasing straw  doses, soil tox icity  natu ra lly  rose. The inhibiting 
properties were recorded even in the upper horizon.

Figure 4 shows the effect of w ater ex trac ts  from a  soil uniform ly fe rti
lized w ith  straw  a t a ra te  of 120 g per vessel (60 tons per hectare). U nder 
optim um  m oisture conditions, the  soil was subjected to  incubation for 2 
weeks a t  a  tem peratu re  of 20 —25°C. The w ater ex trac t was p rep ared  by 
proportioning 1 p a r t  of soil w ith  2 p arts  of w ater. W heat seeds placed on 
filter paper were m oistened w ith filtered ex trac t. I t tu rn ed  out th a t  an 
ex trac t from  the upper horizon som ewhat delayed the germ ination of the 
seeds, while th a t  from  the lower horizon suppressed it  com pletely.

The determ ination  of decom position p roducts from  p lan t rem nan ts 
was m ade by chrom atography. Com pounds were determ ined in an e ther
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F ig . 4. E ffect o f e x tra c ts  from  d ifferen t soil layers fertilized  w ith  s traw : 1 —  seeds 
tre a te d  w ith  an  e x tra c t  from  th e  low er soil layer fertilized  w ith  s traw ; 2 —  con tro l 
(seeds tre a te d  w ith  w a te r); 3 —  seeds tre a te d  w ith  an  e x tra c t from  th e  u p p er layer

fertilized w ith  s traw

ex trac t, in a w ater ex tract, and  then F o rsy th ’s procedure (1947) of column 
chrom atography on anim al charcoal was used in order to  p a rtitio n  carbo
hydrates, phenolic com pounds and fulvic acids. In  an alkaline ex tract, 
the conten t of hum ic acid was determ ined. Most of the  testing  was done 
on vegetable m ateria l labelled w ith  carbon (14C). The te s t m ateria l which 
m ade up  2%  of soil by  w eight was incubated  a t  a  tem p era tu re  of 30°C 
for 3 m onths. The soil was m oistened to  (10% of the m axim um  w ate r
holding capacity.

Among the substances recorded were volatile acids (acetic and butyric), 
several m ore organic acids (tartaric , malic, oxalic, etc.), phenolic-type 
substances, carbohydrates, am ino acids and  o ther organic com pounds. In 
the  alkaline ex trac t, 19 — 27%  of 14C occurred in the form of hum ic acid 
and  8 —14% in the form of fulvic acids. In  the w ater ex trac t, some 5 — 7%  
of UC occurred in the form of fulvic acids. During the experim ents 38 — 55 % 
or organic p lan t rem nan ts were humified.

During the experim ents, the volatile acids were viewed w ith  p articu la r 
a tten tion . Mostly accum ulating in the  lower soil layer, th e ir accum ulation 
was directly  proportional to  the m anifestations of toxicosis. Therefore 
the volatile acids were regarded as possible suppressors of p lan ts.

H um us com pounds were also studied in more detail. I t  tu rn ed  ou t th a t 
they  accum ulated  m ost vigorously in the  upper, b e tte r  ae ra ted  soil layer. 
This p a tte rn  was more vividly revealed in a longer te s t using sand as sub
s tra te  (lasting one year). An alkaline ex trac t from  the upper layer yielded 
m any m ore dark  coloured com pounds th an  th a t  from the lower layer.
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The d a ta  collected indicate convincingly enough th a t  the  decom position 
of p lan t residues does no t follow th e  same p a tte rn  a t  various dep ths of 
the arable layer.

W ater-soluble hum us com pounds represen ted  by fulvic acids were in te r
esting as possible solvents of low active soil m ineral com pounds since they  
are capable of form ing chelate com pounds (Vishnyakov 1035, W iesem üller 
1965).

In  order to  reproduce the process of solution of m ineral com pounds by 
fulvic acids, F e P 0 4 (Fe and  P  being radioactive) was ac ted  upon w ith  a 
fulvic acid solution. These tests  confirmed the conversion of phosphorus 
an d  iron into solution, the dissolution of phosphates became m ore in ten 
sive w ith  increasing fulvic acid concentration.

The in teraction  between fulvic acids and  phosphates was exam ined by 
electrophoresis in  a  reflected ultra-v io let light. The electrophoretogram s 
served to  ob tain  rad ioautographs which showed the d istribu tion  of la 
belled phosphorus over the former. A nd finally, densitogram s were 
obtained  on X -ray  film on the basis of the rad ioautographs an d  elec
trophoretogram s. U sing this m ethod, it  was possible to  s tu d y  b o th  the 
jo in t and  separate  m ovem ents of labelled phosphorus in the electric 
field.

On the in teraction  of ash-free p repara tions of hum us com ponents w ith  
the phosphate (32P), the zones o f phosphorus and  organic m a tte r  m oved 
separately . Consequently, no stable non-dissociating com pounds of phos
phorus w ith  organic m a tte r  were form ed in this case.

In  the  presence of the fulvic acids of alum inium  or iron, in the molecules 
there was a jo in t m ovem ent of phosphorus and  organic m a tte r  recorded 
on the  electrophoretogram s. Consequently, non-dissociating com pounds 
were form ed in th is case.

N ext, complex com pounds of fulvic acids w ith  iron phosphate were ob
tained. T heir C, P  and Fe were radioactive labelled isotopes. These complex 
com pounds were tak en  up readily  enough by young p lan t roots and 
took only a little  m ore tim e to  pass to  the  aerial p a r ts  th an  soluble 
phosphorus com pounds in the form of ions. There is a  possibility of phos- 
phoro-organic com pounds getting  hydrolyzed while passing th rough  the 
p lan t root, y e t the transfo rm ation  of phosphorus in to  a soluble form by 
fulvic acids will a t  least serve to  facilitate the assim ilation of these com 
pounds.

The organic substances applied into the soil in the form of straw  give 
rise there, to  a vigorous propagation  of saprophytic  m icroorganisms, some 
of them  fixers of m olecular nitrogen. In  view of soluble nitrogen com 
pounds being fixed, the la tte r  microorganisms m ust be very  active indeed. 
The tests  w ith  15N 2 show th a t  1 g of cellulose in troduced  in to  the soil the 
m icroorganism s living in it fixed on the average about 5 mg of N 2. This 
ra te  of fixation m ay considerably vary  w ith  varying conditions. This bu ild 
up of nitrogen m ay be of definite practical value.

Thus, as straw  gets decomposed in the soil, sim ultaneously w ith  the for
m ation of products toxic to  p lan ts, processes which m ay serve to  increase 
yields o f crops also proceed. W ith  due regard  to  when these processes are 
under way, i t  should be possible to  take advantage of such periods to  p ro 
m ote p lan t growth.

: i l



N ext, a series of experim ents were staged  w ith  a view to determ ining 
the effect of straw  application on the yields of farm  crops. According to 
prelim inary  tests, when applied  shortly  before sowing, straw  adversely affects 
p lan t grow th. In  a few m onths of incubation, the decom position products 
of straw , even on application deep into the  soil, cease to  adversely affect 
even cereals. This is illu stra ted  by  the following experim ent w ith  oats using 
soddy-podzolic soilfrom  a te s t  p lo t of the T im iryazev A gricultural Academy. 
36 g of d isin tegrated  straw  of w in ter w heat were applied e ither in the  upper 
layer of soil (0—10 cm) or in the lower portion of a  te s t vessel (20—30 cm). 
The te s t vessel contained 8 kg of soil. In  the first varian t, straw  was applied 
in spring ju st before th e  sowing of oats, in the second — well in advance 
in the au tum n, six m onths before the  spring sowing. In  w inter, second- 
varian t vessels were kep t in a basem ent w ith  a positive air tem peratu re. 
The m oisture conten t was constan tly  m ain tained  a t 60%  of the m axim um  
w ater capacity. As clear from  Table 1 w hich ind icated  the d ry  w eight of 
the yield, the incubation of straw  for six m onths was practically  enough 
to remove its  toxicity .

T able ]
Relation between the tim e of straw applira tten  anil the yield of oats

( y per vessel )

Variant of experiment Weight 
of aerial mass J Weight of grain

]. S traw  applied  ju s t  before sow ing 
in  0 — 10 em  layer 5.8 ±  0.24 2.33 ±  0.05
in 20 30 cm layer 2.7<S ±  0.09 0

2. S traw  app lied  six m o n th s before , 
sowing
in 0 — 10 cm layer 6.57 ^2 0.28 ! 3.0 ±  0.28
in  20 —30 cm layer 0.80 ± 0 .4 8 3.33 ±  0.19

3. C ontrol (no straw  applied) 7.73 ±  0.24 3.70 ±  0.08

H ere are the results of experim ents w ith legumes.
Only a few of a large series of experim ents are discussed below. All the 

experim ents were conducted using podzolic soil from a te s t p lo t of 
the T im iryazev A gricultural Academ y under the  sam e conditions as the 
above experim ent w ith  oats. S traw  was applied six m onths before sowing.

J u s t  before sowing, the  seeds of legumes were inoculated  w ith  pure 
cultures of appropriate  nodule bacteria. Table 2 shows an experim ent w ith 
vetch  which gave a higher yield owing to  the surface application of straw . 
The yield of grain increased by up to  40% . There were 18 vetch  p lan ts  per 
vessel.

The experim ent was aim ed to  s tu d y  the after-effect of fertilization 
of vetch  with straw  on the yield of oats. A fter harvesting vetch, the soil 
was loosened w ith  a m etal rod  to  be left un til the nex t spring to  be sowed 
w ith  oats (10 p lan ts per vessel). As follows from  Table 3, in all the varian ts 
the increase in the yield was considerable, b u t the best result was obtained
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T able 2
Effect of straw application on the yields of vetch

(g per vessel)

Variant of experiment Weight 
of aerial mass Weight of grain

Control 1 6 .1 0 ±  0.24 7.35 ±  0.21
S traw  applied  un iform ly  th ro u g h 

o u t soil m ass 18.50 ±  0.17 9.01 ±  0.19
S traw  applied in upper layer 

(0 — 10 cm) 20.90 ±  0.20 10.35 ±  0.25
S traw  applied  in  lower layer 

(20—30 cm) 17.70 ±  0.15 8.73 ±  0.19

N ote: In  th is  and  su bsequen t tab les  above-g round  m ass and  g ra in  yield a re  g iven 
in  te rm s o f d ry  w eight.

on the surface applicati on ofstraw, w ith the  yield o f grain increasing by 30%. 
A nnual lupine well responded to  the surface application of straw  by  increas
ing the  yield of green mass (in term s of d ry  weight) by 25%  (Table 4). 
There were four lupine p lan ts per vessel.

The experim ent w ith  beans also confirmed the high effectiveness of 
straw  application into the upper soil layer (Table 5). There were eight p lan ts 
per vessel.

Tabló :i
After-effect of straw application on the yields of oats 

(q  per vessel )

Variant of experiment Weight 
of aerial mass Weight of grain

Control 16.96 7.13
S traw  applied un iform ly  th ro u g h 

o u t soil m ass 21.80 9.05
S traw  applied  in  upper layer 

(0 — 10 cm) 22.50 9.37
S traw  applied  in  lower layer 

(20 — 30 cm) 18.70 8.22

T able 4
Effect of straw application on the yields of annual lu p in  

( q per vessel)

Variant of experiment Weight 
of aerial ma

Control 8.56 ±  0
S traw  applied  in upper lay e r (0 10 cm) 10.75 ±  0
S traw  applied  in lower layer (20 - 3 0  cm) 7.12 ±  0
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T able 5
Effect of straw application on the yields of beans

(g per vessel)

Variant of experiment Weight
of aerial mass Weight of grain

Control 10.16 ±  0.34 1.15 ±  0.03
S traw  applied  un ifo rm ly  th ro u g h 

ou t soil m ass 9.27 ±  0.21 1.29 ±  0.09
S traw  app lied  in u p p e r 0 — 10 cm 

layer 11.58 ±  0.24 1.49 ±  0.09
S traw  applied  in lower 20 —30 cm 

layer 9.90 -J- 0.28 1.29 ±  0.08

The best results were ob tained  on the application of straw  in the  upper 
soil layer, w ith the yield of grain increasing by 30%.

In  the above experim ents using soil, it was difficult to  calculate the n itro 
gen balance, and  therefore for certain  legumes soil was replaced by  sand as 
substrate . Hellrigel’s m ixture containing th e  in itial dose of nitrogen was 
applied in to  w ashed quartz  sand. The in itial dose was usually  equal to  35 mg 
of nitrogen per vessel in the form  of N H 4N 0 3. For beans, the  dose of n itro 
gen was doubled. Before sowing, all the seeds were inocu lated  w ith  pure 
cultures of nodule bacteria.

Below, the d a ta  collected in some of the experim ents and  a table sum m ing 
up nitrogen increm ent per vessel can be seen. The description o f the experi
m ent is begun w ith  vetch  (see Table 6). The same as for the  experim ents 
using soil there were 18 p lan ts  per vessel.

T able 6
E ffect of straw application on the yield  of vetch in  an  experiment 

using  sand as substrate 
(g  per vessel)

Variant of experiment Weight 
of aerial mass Weight of grain

Control 14.59 ±  0.38 4.14 ±  0.29
S traw  applied  un iform ly  th ro u g h o u t 

soil m ass 23.3 ±  0.36 11.67 ±  0.47
Straw  applied  in up p er layer 

(0 10 cm) 18.78 ±  0.35 8.89 ±  0.36
S traw  applied  in lower layer 

(20 30 cm) 15.73 ±  0.43 7.72 ±  0.34

In  this series, the  best resu lt was ob tained  on uniform  application of 
straw  th roughout the sand  mass. But even in o ther varian ts, increm ents 
to  the yield of grain exceeded the  control by a t least 2 —3 times.
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Lupine crops responded well to  straw  application. As it is clear from  
Table 7, even though  the surface application of straw  was more effective, 
the fertilization of the lower layer of the substra te  gave a considerable 
increm ent of the yield. In  th is experim ent, there were four p lan ts  per 
vessel.

T ab le  7
Effect of straw application on the yie ld  of lup ine in  an  experim ent 

using  sand as substrate (g  per vessel)

Variant of experiment Weight
of aerial mass

Control
S traw  ap p lied  in u p p e r (0 —10 cm) 

soil lay e r
S traw  ap p lied  in  lower (2 0 - 30 cm) 

soil lay e r

4.S7 ±  0.30

10.43 -  0.74

7.25 4- 0.43

An experim ent sim ilar to  the above was also perform ed w ith  beans. T here 
were eight p lan ts per vessel. See Table 8 for results.

T able 8
Effect of straw application on the yield of beans in  an experiment 

using  sand as substrate 
(g  per vessel)

Variants of experiment Weight
of aerial mass Weight of grain

Control 7.2S -j- 0.20 0 .1 5 ±  0.01
S traw  applied  u n ifo rm ly  th ro u g h o u t 

soil m ass 10.16 ±  0.24 1.14 ±  0.08
S traw  applied in u p p e r soil layer 

(0 — 10 cm) 12.4 ± 0 .2 7 1.87 z 0.07
S traw  applied  in low er soil layer 

(20 30 cm) 11.9 ± 0 .1 8 1.29 - 0.04

In  a nitrogen-deficient m edium, the application of straw  had  a favourable 
effect irrespective of application techniques in use. A nd yet, the best effect 
was ob tained  on the surface application of straw , w ith  the yield of gra in  
going up 12-fold.

B oth  in the  above and  o ther experim ents using sand  as substra te , the 
nitrogen balance was calculated.

Table 9 gives the d a ta  of increm ent vs. to ta l nitrogen conten t in the soil- 
p lan t system  in mg per vessel.

As i t  is clear from  the above, straw  application sharp ly  increased the 
nitrogen-fixing ac tiv ity  of legumes. In  the m ajority  of instances, the su r
face application of straw  gave b e tte r  results. The only exception was vetch  
which som ewhat b e tte r  assim ilated molecular nitrogen on the uniform  
application of straw .
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T able 9
Effect of straw fertilizer on the fixation of molecular nitrogen by legumes

( mg per vessel )

Variants of experiment Vetch Lupine Beans

Control (no straw  is applied) 398.3 140.1
I

99.1
S traw  applied uniform ly th ro u g h o u t soil m ass 617.6 190.5
S traw  applied  in upper soil layer (0 10 cm) 535.5 320.2 265.5
S traw  applied  in low er soil layer (20 —30 cm) 408.7 210.8 229.1

According to  rough calculations, nearly 5 mg of m olecular nitrogen were 
assim ilated  per gram  of straw , usually on the surface application of straw , 
o ther conditions being favourable. Consequently, on the  fertilization of 
one hectare of soil w ith  4 —5 tons of straw , it should be possible to  gain 
nearly 20 — 25 kg of nitrogen through  the intensification of nitrogen assim i
lation.

Of the whole series of investigations on considering the problem  of fer
tilizing effect of straw  application on cereals we shall discuss only two. 
A vegetation experim ent was carried ou t under the same conditions as 
for legumes and  on the same soil (Tim iryazev A gricultural Academy). 
S traw  cuttings were applied to  a dep th  of 0 — 7 cm before sowing oats 
(10 p lan ts per vessel). A t different stages of the experim ent, different 
am ounts of nitrogen fertilizer were applied in the form of (N H 4)2S 0 4, 
while phosphorus and potassium  in Hellrigel’s dose. W hen applied  in low- 
doses, straw  inh ib ited  the grow th of oats, while its increased doses 
stim ulated  its grow th (Table 10). This is confirmed by o ther researchers 
such as Simon (1959).

T able 10
Effect oj straw application on the yields of oats 

( g per vessel)

Dose of nitrogen 
fertilizer per vessel 

(in terms of N, g)

Control
(no straw applied) Straw applied

0.1 2 1 .8 4 11.fis
0 .5 20 .7 7 2 5 .4 3
1.5 2 9 .1 4 3 1 .8 2

3 .0 20.41 3 0 .3 0

On microchecks in the K rasnodar Border Region, rice crops were fe rti
lized w ith  rice straw  (4 tons per hectare). For com parison, approxim ately  
the same am ount of alfalfa was applied as green m anure. The fertilizers 
were ploughed in already in au tum n. During the vegetation period (N H 4)2S 0 4 
was applied in a  dose of 100 kg of nitrogen per hectare.

The application of straw  practically  gave the sam e results as the  app li
cation of alfalfa (Table 11).

The experim ents like this have now been staged  for th ree years and 
w ith  analogous results. On addition of a nitrogen fertilizer, the  applica
tion of straw  resu lted  in a 20 — 50%  increase in the yields of rice.
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Y ields of rice on microchecks on application of different 
organic fertilizers

T able 11

Variants of experiment
Y ie ld s

centners/ha

Control 38.8 100
A lfalfa ploughed in 0 —20 cm layer 58.4 150
S traw  ploughed in 0 — 7 cm layer 55.0 142

This successful experim ent suggests th a t, under certain  conditions, straw  
m ay be used to  fertilize cereals as well.

In  conclusion, le t us discuss the problem  of raising the availab ility  of 
phosphorus com pounds to  p lan ts by applying straw  fertilizers. The experi
m ents were perform ed w ith  several phosphates poorly available to  p lan ts 
such as apa tite , F e P 0 4 and  A 1P04. In  some of the experim ents, use was 
m ade of com pounds containing radiophosphorus. We shall lim it the present 
discussion to  experim ents w ith ap a tite  and  F eP O t.

A phosphorus-low  podzolic forest soil from a tes t plot of T im iryazev 
A gricultural A cadem y containing 15.4 mg of available P .,0 5 per 100 g was 
used in the experim ent. I t  was limed w ith  regard  to  the m axim um  hydro
lytic acidity. N itrogen in the N H 4N ()3 form was applied in a dose of 150 mg 
per 8 kg vessel, and  P 20 5 (apatite  or F e P 0 4) in a  dose of 50 mg per 100 g 
of soil. 50 g of straw  cuttings were applied in the upper layer 1.5 m onths 
before sowing. The first crop, vetch, was sown a t  a  ra te  of 18 p lan ts  per 
vessel, and  the second, oats, 10 p lan ts per vessel. The d a ta  collected sig
nify th a t straw  application facilitates the gradual conversion of low- 
active phosphates into an available form. In  the second year, on the soil 
fertilized w ith  straw  the p lan ts assim ilate m uch more phosphorus from 
ap a tite  and  F eP O , (Tables 12 and  18).

T able 12
E jjert of straw application on the availability of phosphorus

in  apatite (a ll calculations made per vessel)

Yields of crops (g) Uptake of P20 5 (mg)

Variants of <эх per imént 1st year: 
aerial

mass of vetch
2nd year: 

grain of oats
1st year: 

vetch
2nd year: 

oats

Control 9.38 4.13 55 38
O ats straw applied 8.03 7.19 58 02
R ice straw applied 7.20 7.27 52 (13

The fac t th a t  straw  application failed to  produce any positive effect on 
vetch yields m ay be explained by the straw  being applied before sowing 
in an increased dose. As a result, by the tim e of sowing, the soil still re ta ined  
toxins. A t any  ra te , a year la te r its positive effect on the u p take of phos- 
jihorus m anifested itse lf obviously enough. Sim ilar results were obtained 
for F e P 0 4.
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Effect of straw application on the availability of phosphorus 
in  F eP O t ( all calculations made per vessel)

T ab le  13

Yield of crops (g) Uptake of P 20 5 (mg)

Variants of experiment 1st year: 
aerial

mass of vetch

2nd year: 
grain of oats

1st year: 2nd year: 
vetch oats

Control 9.SI 4-.f> 01 1 34
O ats straw  applied 9.70 8.03 68  66
R ice straw  applied 8.85 7.20 54 68

The experim ents w ith  labelled F e P 0 4 and  A 1P04 showed th a t the applica
tion of straw  n o t only facilita ted  the up take of 32P  b u t also the phosphorus 
of o ther com pounds thereof. Thus, the application of straw  appreciably 
increased the availab ility  of to ta l phosphorus in the soil.

A BSTR A C T

1. The straw  applied into the soil undergoes different transform ation 
a t  different dept lis. In  the upper layer, organic com pounds get m inera
lized more quickly and  toxic com pounds are accum ulated to  a lesser degree 
(m ainly volatile acids).

In  view of this, i t  is advisable to  incorporate the straw  fertilizer into 
the u pper portion of the arable layer.

2. I t  is alm ost certain  th a t on the m ineralization of straw  the soluble 
forms of nitrogen get biologically fixed. Therefore the  application of straw  
under cereals has to  be accom panied by  the  application of n itrogen-contain
ing m ineral fertilizers. At the same tim e, legumes capable of fixing m olecular 
nitrogen in symbiosis w ith bacteria  have enough nitrogen a fte r the  app li
cation of straw  fertilizer.

3. The straw  incorporated  into the soil prom otes the  ac tiv ity  of free 
living nitrogen-fixers and  the  conversion into solution of low-active 
n u trien ts , a conversion caused by the acid products of cellulose decom po
sition an d  the  solvent action of chelate-producing hum us com pounds.

4. The straw  incorporated  in to  the soil well before sowing appreciably 
increases the yields of legumes and  stim ulates the accum ulation of fixed 
nitrogen by legumes.

The application of straw  together w ith nitrogen fertilizers m ay appreciably 
increase the yields of grain crops.

As indicated  earlier in this abstrac t, straw  fertilizers are best applied in 
the upper portion of the arable layer.
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E FFE C T  OF PLANT COVER AND SO IL CULTIVATION 
ON T H E  N U M B ER  OF M ICROORGANISMS AND CONTENT 

OF ORGANIC SUBSTANCES IN  T H E  SOIL

S . A. S a m t s e v i c h

DEPARTMENT OF MICROBIOLOGY OF THE BELORUSSIAN ACADEMY OF SCIENCES,
MINSK, USSR

I t  is generally recognized th a t higher p lan ts  constitu te  the main source 
of organic nu trition  of the soil. D uring the vegetation period th ey  enrich 
the soil w ith  organic substances via root excretions, dead roo t hairs and 
fine roots; a t the end of the vegetation period, th rough  dead  roots, crop 
residues, m anure and  litter. In  bo th  cases p lan ts  have a considerable effect 
on the q u an tita tiv e  and  qualita tive  com position of microflora, particu larly  
in the near-surface layer of the soil. Moreover, p lan ts also have an indirect 
effect on soil m icroflora through changes in physical, chemical and  physico
chemical properties of the rhizosphere.

The species and  varie ty  composition of p lan t, th e ir developm ent, spacing, 
soil qualities, clim atic conditions, fertilizers and soil cultivation also con
trib u te  largely to  the conten t of organic substances and  the qualita tive 
and  qu an tita tiv e  com position of microflora in the soil. The effect of these 
factors m ay be positive or negative.

According to  d a ta  in the literatu re , root excretions m ade the g reatest 
contribution to  the increase in the num ber of microbes and  to  the control 
of th e ir qualita tive composition in the soil. O rdinarily the  rhizosphere 
contains from  2 to  5 times as m any m icroorganisms as are presen t outside 
the rhizosphere; some investigators repo rt figures which are hundreds 
and  thousands of tim es larger. From  this it would be expected  th a t  all 
uncu ltivated  soils (virgin soils, long fallow, soils under forests) would contain 
more m icroorganisms th an  cu ltivated  ones (bare fallow, fields occupied 
by in tertilled  and  cereal crops) since the form er have been infiltrated  w ith 
exosm otic roots for a longer tim e and are b e tte r  provided w ith p lan t residues. 
In  fact, the situation  is quite the reverse, as is shown by the work of Mishus- 
tin  (1956). He reports th a t 1 g of cu ltivated  soil always contains more 
microbes th an  1 g of uncu ltivated  soil (Table 1).

An exam ination of the lite ra tu re  has failed to  provide answers to  the 
questions: w hat causes an increase in the num ber of microbes in soils under 
cultivation, or w hat inhibits the developm ent of m icroorganisms in uncu l
tiv a ted  soils. Therefore a num ber of investigations have been carried out 
by us for the purpose of clarifying them . The results will be given briefly 
below.

F or th ree years we have continuously studied (Sam tsevich 1953) m icro
flora dynam ics and  certain  agrochem ical properties of southern  chernozem 
under identical soil and  clim atic conditions. O bservations were m ade a t  stations 
under closed 72-, 40- and  22-year-old oak stands, on the one hand, and  under 
bare fallow on the open steppe and  in fields enclosed betw een rows of
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N um ber of m icroorgamisms in  the different soils of the Soviet U nion  
( thousands per/g)

T ab le  1

Soils State of soil

Total num
ber of bac

teria includ
ing spore 
formers

Number 
of spore 
formers

Actinomyces Fungi
Total

number
microbes

T undro-g ley Virgin 2040 13 30 70 2140
cu ltiv a ted 4750 27 84 36 4870

T urf-podzolic V irgin 970 130 90 26 1086
cu ltiv a ted 1800 430 790 30 2620

Chernozem Virgin 2300 750 1 300 30 3630
cu ltiv a ted 2940 1000 1570 23 4533

C h estn u t V irgin 2260 690 1200 22 3482
cu ltiv a ted 4540 1680 2100 20 6660

B row n an d  chernozem V irgin 2920 770 1550 20 4490
cu ltiv a ted 4980 1470 2380 18 7370

trees on the other. Agrochemical d a ta  obtained have shown th a t the soil 
under forest contains a m uch larger q u an tity  of organic substances, p a r
ticu larly  of the w ater-soluble fraction and  nitrogen, th an  soil under bare 
fallow (Table 2). In  spite of this the to ta l num ber of bacteria, their most

T able 2
Organic substance and nitrogen content in  southern chernozem.

M oisture content under bare fallow and  closed oak stands on dry steppe

Organic substance
Depth, Nitrogen,

cm Total quantity, Loosely bound. Water soluble.
о/ , о /о /о mS %

U n d er b are  fallow on th e  steppe

0 3 4.41 0.64 19.4 0.23 15.3
5 20 4.24 0.52 22.0 0.22 19.5

30 45 2.56 0.22 17.5 0.11 16.2

U nder closed oak s tan d
0 3 6.14 0.91 86 .S 0.47 2 5 .1
5 - 20 5.38 0.75 48.4 0.32 16.7

30 45 3.55 0.43 32.0 0.18 14.0

im p o rtan t physiological groups, num ber of spore form ers and  anaerobic 
bacteria, actinom yces and fungi are usually found to  be sm aller in the case 
of forest th an  of bare fallow. The difference in favour of microorganisms 
in bare fallow soil can be seen especially clearly if the figures are converted 
to  num ber per un it of to ta l organic substance, and  even more so jier un it 
of the w ater-soluble fraction (Table 3). Over the whole period of observation 
a m axim um  of microbes and  water-soluble organic substances in the soil 
under forest and  fallow is found in au tum n  and  w inter.



N um ber of m icroorganisms in  southern chernozem under bare fallow  
and under closed oak stands on the sold hern steppe 

[ in  m illfg of organic substance]

T able :i

M i croorga n isms Depth, cm

Under bare fallow Under forest

Number 
of ana

lyses

Number of microbes

Number 
of ana

lyses

Number of microbes

%/g of total 
organic 

substance

per 1 mg 
per cent 
water- 
soluble 
organic 

compounds

%/g of total
organic j 

substance

per 1 mg 
per cent 
water- 
soluble 
organic- 

compounds

T otal num ber 0 -  3 20 35.1 1.8 27 21.9 0.25
of bacteria 5 - 2 0 20 92.6 4.02 27 16.5 0.34

30 45 20 12.2 0.68 27 9.6 0.3

»Spore-forming 0 -  3 19 12.4 0.61 26 0.9 0.079
bacteria 5 -2 0 19 10.9 0.49 27 6.8 0.14

30 45 19 4.2 0.24 27 2.6 0.081

A naerobic bacteria 0 -  3 12 3.0 0.15 19 1.6 0.018
5 20 12 3.9 0.17 19 2.1 0.043

30 45 12 1.1 0.062 19 0.9 0.028

A ctinom yces 0 3 16 17.1 0.88 22 23.0 0.26
5- 20 16 23.7 1.07 23 16.4 0.34

30 45 16 11.1 0.63 23 10.7 0.33

F u ng i 0 3 15 0.7 0.035 20 1.2 0.013
5 - 2 0 16 0.4 0.018 23 0.2 0.004

30 -  45 16 0.2 0.011 23 0.1 0.003

To reveal the causes of this inverse relation  between th e  num ber of 
m icrobes and  organic-substance con ten t in fallows and  soils occupied by- 
p lan ts, it  was decided to  direct our a tten tio n  to  those characteristics of 
the  soils which constitu te  their m ain differences: cu ltivation  (aeration) 
of the soil and  production  of roo t excretions.

Composting of soil sam ples has shown th a t  when soils under forest are 
periodically d istu rbed  the  num ber of m icrobes and  con ten t of nitrogenous 
m ineral com pounds increases considerably and  the q u an tity  of w ater- 
soluble organic substances decreases, whereas in bare fallow sam ples such 
changes were no t found. This allowed us to  assume th a t the  cause of 
microbe inhibition  in uncu ltivated  soils was a higher conten t of toxic 
volatiles produced by  microbes and  possibly also by p lan t roots.

A fairly rap id  decrease in the num ber of microbes in the upper portion 
of the layer tu rn ed  over by  the plough and  a sim ultaneous increase in the 
num ber of microbes in the lower portion o f the layer when lifted  to  the 
soil surface (although organic substance con ten t is sm aller in the la tte r  
case) m ay afford some evidence of the deleterious effect o f volatile com 
pounds produced by microbes on th e  developm ent of the  la tte r  in the  soil 
(Table 4). The favourable effect of ploughing under straw  to a shallow dep th  
on the developm ent of p lan ts  and  microbes m ay be explained in the  same 
way.
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Effect of soil cultivation on num ber of bacteria in  different soil layers
(  thousand/g )

T able 4

Before ploughing 21 days after ploughing

Depth, cm
turned over not turned over

aerobic
anaerobic and 

facultative aerobic anaerobic and 
facultative aerobic anaerobic and 

facultative

0- л 4880 3790 5120 4060 5610 4280
18 25 3730 4240 3680 3570 3830 4320

The positive effect of easily assim ilated organic substances on the p ro 
duction of toxic volatile com pounds by  microbes was experim entally  con
firm ed by  us (Sam tsevich and  Borisova 1963) in special experim ents ca r
ried ou t in closed m oist cham bers. I t  was found th a t intensive developm ent 
of microbes results in the accum ulation of a large am ount of toxic volatiles 
(amm onia, bu ty ric  acid, hydrogen sulphide, etc.) th a t  affect no t only m i
crobe developm ent b u t also the germ ination ra te  of seeds and  grow th of 
seedlings, the effect of volatiles being m uch m ore pronounced in the ait- 
above the soil th an  in the soil itself (Fig. 1).

F requen tly  the soil is broken up, the freer it is o f toxic volatile m etabo
lites, thus microbes develop better. This m ay be the explanation of the 
fact th a t  the largest num ber of microbes inhabit and  m ost actively m ani
fest them selves in soils under bare fallow and  in tertilled  crops; the num ber 
of m icroorganisms is sm aller in the soils under cereal crops, and  there are 
even fewer microbes in soils under perennial grasses, long fallow, virgin 
lands and  forests; p lan ts  grow m uch b e tte r  on cu ltivated  soils th an  on un-

F ig . 1. D e v e lo p e d  g e rm s o f  w in te r  w h e a t. 1) W e t c h a m b e r  
w ith o u t  soil. 2) C o m p o sted  in  w e t  c h a m b e r  (k e p t  in  in c u 

b a to r )  w ith  soil. 3) T h e  sa m e  a d d e d  w ith  1 %  su g a r
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F ig . 2. T h e  g ro w th  o f  o a k  seed lin g s a n d  th e  d is t r ib u t io n  
o f  th e i r  ro o t  sy s te m  in  th e  cu ltiv  a te d  a n d  u n c u lt iv a te d  
soils, a )  O n e -y ea r  seed lin g  g ro w n  w ith  m a iz e  co v e rin g  
p la n t ,  b)  T h e  sam e  f ro m  s p o n ta n e o u s  sp e a rin g , c)  T w o- 

y e a r  o a k  seed lin g s fro m  sp o n ta n e o u s  sp e a rin g

cu ltivated  ones, since their root system s are concentrated  m ainly in the soil 
layer ad jacen t to  the surface which is b e tte r  ae ra ted  (Fig. 2).

On th e  basis of the above d a ta  we consider th a t  the positive effect of 
m echanical cultivation of the soil on the v ital ac tiv ity  of microbes and 
p lan t grow th consists no t so m uch in enrichm ent of the soil by oxygen 
as in the rem oval from  it of toxic volatiles produced by  the  m icro
flora. This m ay be confirmed by the much g reater num ber of microbes 
in the surface layer of ploughed soils th an  in their subsurface layers, bv the 
sm aller size of bacterial cells in the soil th an  th a t of microbes cu ltivated  
on dense substrates, etc.

D oyarenko (1926) has shown th a t  “ soil a ir m ust be recognized as an 
organic constituen t of the soil together w ith  soil solution and  the solid 
phase.” U nfo rtunate ly  the analysis of soils as v e t does n o t involve d e te r
m ination of toxic volatiles.

R oot excretions m ay also be one of the im p o rtan t factors which inh ib it 
the developm ent of microbes in uncu ltivated  soils, although m ost workers 
are n o t in agreem ent w ith  our position on this question.

Cholodnv (1949) was the  first to  observe the  tox icity  of actively  growing 
root tips and  th a t  th ey  are popu lated  by  a  large num ber of soil bacteria. 
L a te r this effect was observed by  Rem pe and  Sorokina (1950), Sam tsevich 
(1964), R ovira  and  McDougall (1967). The phenom enon is a ttr ib u ted  to
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F ig . 3. G el-like  p ro te c t in g  c o a t  f ro m  th e  ro o t  o f  m a ize  w h ich  is se c re te d  to g e th e r
w ith p la n t cells

the fact th a t  roo t caps excrete not only sugars and  organic acids which 
are easily assim ilated by microbes b u t also substances which p ro tec t 
corkless roots from  microbes th a t settle  on them  in large num bers. Our 
investigations have shown (Sam tsevich 1965, 1968) th a t these substances 
are concentrated  in colourless gel-like excretions of root tips and  p lan t 
cells sloughed off by  them  which form a special kind of pro tective cap 
around root tips. These la tte r  are no t visible under the microscope if they  
are unstained  b u t can be seen fairly well when stained  w ith aniline dyes, 
and  in maize th ey  can be seen w ith the naked  eye (Fig. 3).

The gel-like substance covering root tips is a high-m olecular polysaccha
ride (pectic substances, hemicellulose); it is not soluble in w ater, alcohol, 
ether, HC1 and  NaO H  a t room tem peratu re , thus adherence to  the roots 
is facilitated . Vegetative cells sloughed off by root caps, lying in the gel-like 
substance, re ta in  their v ita lity  for up to  two days or more, regardless of 
sterile conditions (Sam tsevich and M ironova 1969). H igh osmotic pressure 
in them  of up to  8 — 9 atm . affords evidence of the above sta tem en t (Fig. 4). 
P relim inary  calculations have shown th a t  the q u an tity  of gel-like su b 
stances in cereal crops per 1 ha. is abou t the  same as of d ry  substances of 
very  high grain yield. T heir role is quite significant and  varied  bo th  for 
p lan ts  and  for soil-forming processes; th e ir m ain p roperty  is p robab ly  p ro 
tection of ten d er corkless roots being populated  by a large num ber of 
po ten tially  harm ful m icroorganisms.
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a) b)

I I .

Fig. 4. Cells sep a ra ted  from  th e  ro o t co a t o f  p ea  (I) and  m aize 
(II). a ) no p lasm olysis, b)  p lasm olysis w ith  0.6 M saccharose 

solu tion

Since in perennial p lan ts  the to ta l length of roots, vegetation period and 
mass is m uch larger th an  in annual agricultural crops, and  the soil under 
the form er is n o t broken up, it  is n a tu ra l th a t  uncu ltivated  soils should 
contain a m uch larger q u an tity  of toxic volatiles and  gel-like roo t excre
tions (Fig. 4) and fewer microorganisms th an  cu ltivated  ones, especially soils 
under bare fallow and  in tertilled  crops.

The properties of m icroorganism s and  p lan ts  discussed m ay be readily 
explained from  an evolutionary  po in t of view (Mechnikov 1947, Sam tse- 
vich and  M ironova 1969). I f  m icroorganisms did  n o t regulate their develop
m ent, organic substances in the soil could no t be accum ulated, and  roots 
th a t  have no protective means would be “ea ten ” by microbes as soon as 
th ey  appeared. W ithou t taking in to  account the  in terrelationships between 
p lan ts, soil and  microbes it is impossible to  understand  the life of the 
soil and to  effectively control its fertility .

SUM M ARY

C om parative d a ta  ob tained  over th ree years are presented. They concern 
the num ber of m icroorganisms and  con ten t of organic m a tte r in southern 
chernozem under closed oak stands and  bare fallow on the steppe. In  bare
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fallow soil, in spite of the considerably sm aller am ount of organic m atter, 
the num ber of m icroorganisms is g rea ter th an  in soil under forests. R oot 
caps and  suction and  exom otic roots are shown to form tran sp a ren t gel
like pro tective caps and  to  slough off a  large num ber of p lan t cells during 
th e ir grow th. They can be easily seen under the microscope when stained  
and  play  a significant role in the life of p lan ts  and  in soil-forming processes.

I t  is shown th a t  the reason for the sm aller num ber of microorganisms 
in virgin soils com pared w ith  cu ltivated  ones is the accum ulation in the for
m er of toxic volatiles and  the excretion by root tips of phvtoncide su b 
stances w hich inh ib it the developm ent on the roots and  in the rhizosphere 
no t only of pathogenic b u t also of m any o ther kinds of saprophytic m icro
organisms. The m axim um  num ber of microorganisms in the soil was found 
during the w in ter and  spring period.

The au th o r considers th a t  the role of mechanical working of the soil 
consists no t so m uch in supplying it w ith  atm ospheric oxygen as in the 
rem oval from it of toxic volatile substances.
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E FFE C T  OF IN C R EA SIN G  AMOUNTS OF N IT R O G EN  ON 
T H E  M ICROBIAL TRANSFORM A TION OF STRAW IN  SOIL

B. N o v a k

RESEARCH INSTITUTE OP CROP PRODUCTION,
INSTITUTE OF PLANT NUTRITION, PRAGUE-RUZYNË, CZECHOSLOVAKIA

D irect straw  application to  the soil has assum ed g reater im portance as a 
m anurial trea tm en t in our country . The addition of inorganic nitrogen is 
required  in most cases (Ansorge 1966, 1967, K ick 1965, W agner 1964 and 
m any others). Phosphorus and  su lphur addition could be certain  advantage 
in some cases (S tew art e t al. 1966).

So far, problem s on the relationship between the straw  and  nitrogen 
effects have not yet been solved. This paper deals w ith the effect of nitrogen 
on the m ineralization ra te  and  stabilization degree of organic m a tte r  of 
applied straw .

M E T H O D S A N D  M A T ER IA L S

The following model experim ents were carried out: soil was taken  from  
the  arable horizon of slightly leached black soil a t  R uzynë. I t  was sieved 
by  a 2 mm sieve. 500 g of this sieved soil were p u t in 1000 ml E rlenm eyer 
flasks. Continuous flow of C 0 2-free air was allowed to  pass through the 
individual flasks in an  approxim ate am ount of 2 litres in an hour. Carbon 
dioxide evolved in soils was absorbed in NaOH, and the am ount of carbon-

T ab le  1
Characteristics of the soil and straw used in  experim ents

Soil Straw

Cox ( %  ill oven d ry  m atte r) 1.4S 30.4
N j (%  in  d ry  m atte r) 0.143 0.47
N H f  — N  (mg %  of d ry  m atte r) 1 l.S
N O 3 — N (mg %  of d ry  m atte r) 1.3
p H  (in H 20 ) 0.9
p H  (in KC1) 6.8
R esp ira tion  a c tiv ity :

(mg CO2/IOO g/hour) В (basal) 0.64
NG (am ended) 27.0
M icrobe counts: (in 1 g o f d ry  m atte r)  
No. o f B acteria  (m eat agar) 0.7 X 10" 3.7 X 105
No. o f  B acteria  (starch agar) 2.1 X Ю7 6.2 X 10“
No. o f  A ctinom ycètes (starch  agar) 9.4 X 105 5.8 X 10“
No. o f Fung i (Jensen  agar) 3.4 X Ю4 2 X 105
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ates was determ ined titrim etrica lly  a f te r  the addition of BaCl2. The flasks 
were incubated  a t  28 °C for 99 days.

Soil was m oistened by distilled w ater or by (N H 4)2S 0 4 solution to  ad just 
the nitrogen con ten t according to  the  experim ental scheme. H a lf of the 
flasks w ith  soil were enriched by  ground w heat straw  in an am ount of 1 %  C. 
S traw  was previously m oistened by distilled w ater to  abou t 50%  by weight. 
The m oisture con ten t of the flasks was read justed  every week. The charac
teristics of the used soil and  straw  are given in Table 1.

R E S U L T S  A N D  D ISC U SSIO N

The m ean daily C -m ineralization ra te  of individual varian ts is given in 
Table 2.

T a b le  2
M ean  da ily  m ineralization ( mg°/0 C)

Incubation 
time, days

Without straw Straw added (1% 0)

N itrogen addition Nitrogen addition

0 10mg% 30mg% 100 mg% 0 10 mg % 30 mg % 100 mg %

о 1.82 2.16 2.21 2.18 2.23 2.54 2.68 3.07

•-> 1.11 1.48 1.35 1.32 1.64 1.35 2.73 3.64
8 0.66 0.98 0.87 0.90 1.25 2.38 4.28 4.12

11 0.42 0.53 0.68 0.61 1.86 3.65 4.96 4.64
15 0.40 0.42 0.54 0.56 2.18 3.91 4.84 4.95
22 0.38 0.39 0.51 0.53 3.25 4.18 4.85 4.55
29 0.39 0.36 0.43 0.35 3.08 4.28 4.02 4.08
3(5 0.36 0.34 0.38 0.37 2.82 3.31 3.16 3.45
43 0.36 0.31 0.35 0.31 2.64 2.96 2.21 2.68
.50 0.35 0.30 0.30 0.27 2.36 2.64 1.93 1.99
57 0.33 0.29 0.31 0.22 2 .11 2.16 1.71 1.62
64 0.35 0.30 0.28 0.22 1.96 2.03 1.23 1.28
71 0.34 0.28 0.24 0.21 1.92 2.02 1.11 0.83
78 0.32 0.28 0.22 0.21 1.85 2.10 0.89 0.69
85 0.32 0.27 0.22 0.22 1.88 2.04 0.72 0.64
92 0.33 0.29 0.22 0.21 1.67 1.93 0.63 0.70
99 0.33 0.27 0.22 0.20 1.73 1.96 0.74 0.59

The daily respiration ra te  of the control soil decreases to  abou t 15% of 
the  in itia l value during the whole experim ent. The m ost pronounced decrease 
of respiration in ten sity  occurs in the first week of incubation.

Owing to  the addition of nitrogen to  the soil, the respiration in tensity  
rises to  about 120% in the first and  second day of the  experim ent (Fig. 1). 
B u t it decreases gradually  during the incubation tim e even more rapidly  
th an  in the control soil. The ra tio  of respiration ra tes of individual soil 
sam ples am ended w ith  N  is shown in Fig. 2.

The to ta l am ount of m ineralized C during the whole incubation time is 
40.73 m g%  in the control soil, 39.73 m g%  in the soil sam ples w ith the 
addition of 10 m g%  N, 41.04 m g%  in those w ith 30 m g%  N, and  38.30 
mg % in sam ples am ended w ith  100 m g%  N.
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F ig . 1. E ffe c t  o f  a d d e d  N  o n  th e  so il 
r e s p ir a t io n  a t  th e  b e g in n in g  o f  th e  

in c u b a tio n  p e r io d

F ig . 3. E ffe c t  o f  a d d e d  n i tro g e n  o n  th e  
re s p ir a t io n  o f  so il a m e n d e d  w ith  s t r a w  
a t  th e  b e g in n in g  o f  th e  in c u b a tio n  
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mg % N

CONTROL 10 30 100 mg % N
(b)

F ig . 2. R a t io  o f  r e s p i r a t io n  r a te  o f  c o n tro l  
(a) N -a m e n d e d  so il, (b) a t  th e  e n d  o f  th e  

in c u b a t io n  p e r io d

F ig . 4. In i t ia l ,  m a x im a l a n d  te rm in a l  
re s p ir a t io n  r a te  o f  th e  s t r a w  v a r ia n ts
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The effect of added straw  on the respiration ra te  a t the s ta r t  of the experi
ment is of the sam e range as the effect of the  added  nitrogen (Fig. 3). 
In  con trast to  the N-effect, the added straw  allows the rising of respiration 
ra te  of soil for some weeks (Fig. 4). The m axim um  respiration ra te  reached 
a fte r the straw  addition depends on the nitrogen addition, i.e. on the C/N 
ratio .

A fter reaching its m axim um  respiration intensity , the respiration ra te 
of the soil-straw -m ixtures decreases. The decline of the respiration curve 
is more pronounced a fte r the g reater doses of applied N (Fig. 4). The p ro 
portion of the respiration ra te  of straw  varian ts a t the end of the experi
m ent is also given in Fig. 4.

Neglecting the prim ing effect of added  straw , we can com pute the degree 
o f m ineralization of added  straw  to 17.76%, 22.44%, 18.20% and  18.65% 
w ithout and  a f te r  an addition of 10, 30 and  100 mg % N respectively 
(Fig. 5).

The effect of added  straw  on the soil respiration expressed by the ratio  
of respiration o f soil sam ple w ith and  w ithout straw  under the same condi
tions of added N changes during the incubation. I ts  m axim um  coincides 
tem porally  w ith the m axim um  respiration ra te  of the straw -am ended 
varian ts  or it takes place a little  la ter (Fig. 6).

The ra tio  of the m axim um  value of the  straw -effect in the course of experi
m ental incubation and the same value a t the and  of incubation could be 
used as a te s t of stabilization of organic m a tte r  of added  straw . Fig. 7

Fig. 5. T o ta l m inera liza tion  o f b o th  
soil an d  s traw  o rgan ic  m a tte r

220

200

180 Fig. 0. R a tio  o f  resp ira tio n  ra te  o f  s traw  (a) 
unam ended , (b) v a rian ts
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shows th a t the least dose of applied N 
does no t influence the stabilization of 
the substrate . T h at is perhaps whv 
the same dose causes the  ex tended  
m ineralization of straw  com pared w ith 
the varian t w ithout added N. The 
m edium  and  the  g reatest doses s ta 
bilize the organic m a tte r  of straw .

S U M M A R Y

We carried out model experim ents 
to  s tudy  this problem . W heat straw  
in adequate q u an tity  (equal to  1 %  of C 
referred  to  the m ixture) was added to  sam ples of a  soil taken  from  the 
arable layer, fu rtherm ore 0, 10, 30 and  100 m g%  of nitrogen in the 
form of am m onium  sulphate. Samples were incubated  for 99 days a t  28 °C. 
C 0 2 production was determ ined from  tim e to  tim e during the  whole period of 
incubation.

Soil respiration rises im m ediately a fte r the addition of bo th  straw  and 
nitrogen. W hile the respiration ra te  decreases w ith  tim e in the v arian t soil 
nitrogen, it  rises first in the v arian t soil straw  and  la te r declines again. 
The am ount of the  m ineralized soil carbon does no t change m uch during the 
incubation period if nitrogen was added (in an  am ount of abou t 40 mg %) 
The added straw  was m ineralized to  an ex ten t of 17.76, 22.44, 18.20 and 
18.65% respectively in the control and  the varian ts w ith increasing am ounts 
of nitrogen added.

The m axim um  stabilization of the organic m a tte r originating from  the 
straw  added was reached w ith  the  addition of 100 mg % of nitrogen. We 
did  n o t ob tain  any stabilizing effect in the v arian t w ith less q u an tity  of 
nitrogen added.

F ig . 7. R a tio  o f  (a) th e  m a x im a l a n d  
(b) te rm in a l  e ffec t o f  a d d e d  s t r a w  ( te s t  

fo r  s ta b il iz a tio n  deg ree )
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DECOM POSITIO N OF T H E  OUTW ARD W AXY FILM  
OF W H EA T STRAW  BY SOIL M ICROORGANISMS*

O. V e r o n a  a n d  A. A. L e p i d i

INSTITUTE OF GENERAL AND AGRICULTURAL 
MICROBIOLOGY OF THE UNIVERSITY, PISA, ITALY

The m icrobial decomposition of the main constituen ts of w heat straw  when 
it  is buried  in the soil for agricultural purposes, is well known. B u t the 
m icrobial a ttack  of exiguous constituen ts of straw , such as the w axy film 
which covers the culms, has been very  little  investigated; so th a t a specific 
research m ay be interesting.

However, wax, because of its w aterproof property , has an indirect influ
ence on the m icrobial colonization of straw  bo th  before and  a fte r the burial. 
Furtherm ore, as the w axy m a tte r  m ay have a d irect trophic action, re 
searches on the microbial grow th on the  w axy m a tte r and  subsequently  on 
the behaviour of microorganisms when th ey  are grown in the presence of 
w axy m atte r have been carried out.

M A T E R IA L  A N D  M ETH O D S

The waxy m a tte r is ex trac ted  from the straw  by Soxhlet ap p ara tu s  
w ith  petroleum  ether.

The grow th of microorganisms on w axy m a tte r is ascertained  by the 
three following m ethods:

a) The wax is previously e ither directly  h o t-d istribu ted  on the surface 
of p lates or also hot-arranged  previously upon a film of m a tte r no t suitable 
to  support the m icrobial grow th: i.e. highly substitued  cellophane. The 
m edium  in the  p lates lacks carbon sources and  contains the  following 
m ineral salts: K 2H P 0 4 2.00 g; M gS04 0.50 g; NaCl 0.10 g; CaCl., 0.50 g; 
F e S 0 4 traces; Bacto agar (Noble, Difco) 30 g; distilled w ater 1000 ml. One of 
the following forms of nitrogen is p resent: (N H 4)2S 0 4, N a N 0 3, urea  and  
calcium cyanam ide (technical grade). N itrogen concentration in the  m e
dium  is th e  same of 2.00 g/1 of (N H 4)2S 0 4. The wax is inoculated w ith a w ater- 
suspension (0.500 g/1) of twelve different Sardinia soils or w ith  the following 
fungi: Alternaria crassa (Sacc.) R ands, Alt. geophila Doszewska, Alt. dauci 
(K ühn) Gr. e t Sk. f. sp. solani (Eli. e t Mart.) Neegr., Alt. tenuis Nees, Chaeto- 
mium cochliodes Palliser, Fusarium  L ink sp. 1, Fusarium  Link sp. 2, 
Helmint hosporium sativum  Pam m el e t ah, Humicola grisea Traaen. A fter 
incubation for 7 days a t 26 °C the grow th is valued by visual and  m icro
scopic surveys.

* The w ork  w as su p p o rted  b y  Consiglio N azionale delle R eeerche, Centro d i S tud io  
per la Microbiolog in del Suolo.



b)  50 g of siliceous sand, carefully deprived of organic m atter, are placed 
in 100 ml E rlenm eyer flasks and m ixed w ith: 1) 2 g of m inced w heat straw ; 
2) 2 g of m inced wheat straw  deprived of wax; 3) 1.7 g of m inced w heat 
straw  supplem ented w ith  0.3 g of w axy m atte r. The m ixtures are sterilized 
and  then m oistened w ith  40 ml of sterile Czajaek-Dox solution deprived of 
saccharose. The above listed  fungi are inoculated and  then  incubated  for 
30 — 60 — 90 days a t 26 °C. The grow th is evaluated  by determ ining nucleic 
acids w ith  the m ethod  of Crestfield e t al. (1955). Absorbance was m easur
ed a t  260 m,u on Unicam  SP800B recording spectrophotom eter.

c) Glass balls of abou t 1 .5—2 mm in d iam eter were covered w ith m elted 
wax. The balls were in the following m edium: distilled w ater 1000 ml, 
C a(H 2P 0 4)2 0.5g; K 2H P (), 0.75g;M gS()4 • 7H 2() 0.25 g ; and  also containing, 
as nitrogen source (N H 4)2S 0 4 0.75 g or, in parallel tests, equivalent quan tities 
w ith respect to  nitrogen, of u rea and calcium cyanam ide; pH was ad justed  
to  6.8. E very  tube was inoculated w ith a drop of suspension of 0.5 g of nine 
different soils in 1000 ml of w ater. A fter incubation at 26 °C, nephelom etric 
e s tim a tifn of the grow th was made.

R E S U L T S

As far as the first m ethod is concerned, the results allow us to  po in t out 
the following. On wax films inoculated  w ith soils, the m icrobial grow th 
was frequently  positive, according to  the na tu re  bo th  of the soil and  of 
nitrogen source. In  th is regard, u rea  and  calcium cyanam ide have given 
b e tte r  results: in fact, a fte r tw en ty  days of incubation, the  average num ber 
of fertile dowels was 91%  for urea, 83%  for calcium cyanam ide and  75%  
bo th  for am m onium  sulphate and  for sodium n itra te . Furtherm ore, dif-

Fig . 1. E x a m p le s  o f  m ic ro b ia l g ro w th  on  th e  w a x y  la y e r  in o c u la te d  w ith  so ils: A - in  
th e  p re se n c e  o f  u re a  th e  b a c te r ia l  g ro w th  is p re v a le n t;  В —  in  th e  p re sen c e  o f  c a lc iu m  
c y a n a m id e  th e  g ro w th  o f  m ic ro fu n g i is a sso c ia te d  w ith  th e  b a c te r ia l  g ro w th ;  ( ' in  

th e  p re se n c e  o f  a m m o n iu m  s u lp h a te ,  m ic ro fu n g i p re v a il
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fe ren t nitrogenous sources seemed to  qualita tively  influence grow th too 
(Fig. 1). Still considering now the tests carried ou t w ith fungi, we have 
seen th a t  grow th has always been positive; for some fungi, like Chaetomium 
cochliodes and  Fusarium  sp, the grow th has been particu larly  abundan t.

The results ob tained  w ith  the second m ethod (Table 1) show th a t the 
straw  wax influences the grow th of the  microfungi in various ways. I f  we

T a b le  1
N ative nucleic acids present in  the single cultures

Microfungi
Nude ic acids in mg X  10=

A В C

Altemaria crassa 816 1.208 1.416
Alt. gophila 1.3X4 1.580 1.912
Alt. dauci solani 1.024 1.040 1.568
Alt. tenuis 952 1.264 1.680
Chaetomium cochliodes 1.472 1.704 2.448
Fusarium sp. 1 1.224 1.384 1.448
Fusarium sp. 2 1.016 1.336 1.576
Helm in th osporium sativum 1.080 1.560 1.984
Humicola grisea 1.296 1.480 2.424
Average values 1.128 1.392 1.736

N o te : A  —  m in c e d  s t ra w :  В  —  s t r a w  m in c e d  a n d  d e p r iv e d  o f  i t s  w a x y  m a te r ia l;  
C —  s tra w -lik e  in  B , b u t  to  w h ic h  a n  ex cess  q u a n t i t y  o f  w a x y  m a te r ia l  h a s  b een  
a d d e d  a g a in .

com pare the grow th of fungi in the presence of straw , w ith the grow th in 
the presence of straw  deprived of its wax, it  is plain th a t the straw  tissues 
free of wax allow a grow th slightly g rea ter th an  th a t which we obtain 
from native straw . However, if we com pare the grow th of fungi in the p re s
ence of straw  w ithout wax, b u t to  which free wax had  been added, we
see th a t  in the medium containing wax, grow th has been g reater in every 
case. This indicates th a t  wax
added to  the o ther constituents 
favours their utilization.

The results obtained  w ith 
the th ird  m ethod have given 
fu rth e r evidence for the  m icro
bial u tilization of the wax. In  
fac t nephelom etric determ ina
tion carried ou t a t the seventh 
and  a t  the tw en tie th  day show
ed a notable grow th, depend
ing on the soil. M oreover we 
observed th a t  the  nitrogen 
source influences both the in - 
ten sity  and  the dynam ics of 
the  grow th. Indeed  whilst in 
th e  first few days grow th was

F ig . 2. A v e ra g e  v a lu e s  o f  th e  m ic ro b ia l g ro w th  
in  c u ltu re s  o n  liq u id  m e d iu m  in o c u la te d  w ith  
v a r io u s  so ils a n d  in  th e  p re se n c e  o f  v a r io u s  
so u rc es  o f  n i tro g e n , о  a m m o n iu m  s u lp h a te ,  

•  u re a ,  à. c a lc iu m  c y a n a m id e

days



grea ter in the presence of am m onium  sulphate, la te r on, i t  tu rn ed  out to  be 
clearly g rea ter in the  presence of urea and  of calcium cyanam ide (Fig. 2). 
This resu lt agrees w ith  the one of the first m ethod and  shows th a t an ap 
preciable grow th of soil m icroorganisms occurs in the presence of wax as a 
carbon source.

The researches concerned in th is paper show th a t  the waxy m ateria l 
p resent on the w heat straw  is utilized by soil m icroorganisms and  m ay 
support their grow th. Such utilization seems to  be influenced by the natu re  
of the  source of nitrogen presen t in the medium. F urtherm ore , the waxy 
m aterial of the straw  has an influence in some way on the decom position 
of the o ther constituen ts of straw  when it is buried in the soil.

S U M M A R Y

Researches on the m icrobial decom position of the o u ter waxy layer of 
w heat straw  have been carried out, to  investigate the decomposition of 
straw  buried  in the soil for agricu ltural purposes. The results show th a t:

1. the w axy m ateria l ex trac ted  from w heat straw  certain ly  supports 
m icrobial growth;

2. the presence of wax stim ulates m icrobial grow th supported  bv other 
straw  constituen ts;

3. m icrobial grow th concerned in the decomposition of wax is influenced 
bo th  a t  a  qu an tita tiv e  and  a t  a qualita tive level by the form of nitrogen 
present. U rea and  calcium cyanam ide tu rn s  out to  be particu larly  effective, 
as fa r as bacterial grow th is concerned, even if fungi are no t dam aged.

R E F E R E N C E

C resfle ld , A . M ., S m ith , K . C. a n d  A llen , F .  W . (1955): J o u r n . B io l. Cliern., 216, 185.
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M ICROBIAL PRO CESSES R ELA TED  TO T H E  
DECOM POSITION OF ORGANIC M ATERIAL W ITH  

VARIOUS N IT R O G E N  CONTENTS

Z. V o i n o v a - R a i k o v a

“X. PUSHKAROV” INSTITUTE OF SOIL SCIENCE, SOFIA, BULGARIA

Model experim ents under controlled tem peratu re  and  m oisture conditions 
were conducted so as to  throw  light on microbiological processes re la ted  
to  m ineralization of organic residues. For this purpose soil sam ples were 
tak en  from  chernozem-smolnitze brown forest soil, grey forest soil and 
chernozem to  which tr itu ra te d  alfalfa hay, p ea t and  straw  were added, and 
com posted over 6 m onths in varian ts  w ith and  w ithout nitrogen and  phos
phorus.

M A T E R IA L  A N D  M ETH O D S

This stu d y  aim ed to  assess changes in microflora particu larly  in m icro
biological processes re la ted  to  the nitrogen regulation in soil as affected 
by the organic substances of different nitrogen content. Studies still have 
to  be done to  control m ineralization of organic residues and  clarify the n itro 
gen regulation in the soil. Microbiological and  biochemical tests  as well 
as the  counting of the num ber of microorganisms were done using conven
tional m ethods (Fedorov 1951). H ydrolyzable nitrogen, to ta l nitrogen, 
fulvic and  hum ic acids were also determ ined.

R E S U L T S

T otal and  hydrolyzable nitrogen showed an increase in soil only in the 
alfalfa v a rian t (from 0.123 per cent in the control to  0.139 per cent) bo th  
in fertilized and  non-fertilized varian ts. Q uan tita tive  changes of hydro ly
zable nitrogen were also assessed in the alfalfa varian t, 7 mg/kg soil, in the 
u n trea ted  v arian t and  8 mg w ith  nitrogen and  phosphorus fertilizing. 
Changes of the fulvic and  hum ic acid conten ts were no ted  a t  the  end  of 
the experim ent. The q u an tity  of the nitrogen of fulvic acids was higher 
by  0.5 g th an  the control in the trea tm en ts  containing p ea t and  straw  
and  by 2.1 g higher in the trea tm e n t containing alfalfa hay calculated  per 
1 kg soil. H um ic acids increased only slightly b u t to  a higher degree in the 
v a rian t w ith  alfalfa, to  0.47 g/kg soil. N P  fertilization slightly increased 
the nitrogen con ten t of bo th  fulvic and hum ic acids.

Changes of microbiological processes were followed to  clarify changes 
occurring in the nitrogen regulation of the soil. Alm ost all d a ta  ob
ta in ed  point to  a  higher effect of the k ind  of organic substance ra th e r 
th an  of the soil type on the re la ted  processes. Consequently, d a ta  only
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~ ________bacteria synthesized II -  alfalfa
1 amino acids ш _ peat
3 - x - x - x -  Actinomycètes iv -  straw

F ig . 1. C h an g es in  th e  a m o u n t  o f  th e  so il m ic ro flo ra . I =  a m m o n ify in g  
b a c te r ia ,  2 =  b a c te r ia  sy n th e s iz in g  a m in o  a c id s , 3 =  A c tin o m y c è te s . I  =  c o n tro l,  

II =  a lfa lfa , i l l  =  p e a t ,  IV  =  s tra w

of few soil types are repo rted  to  illustra te  the foregoing. Substan tia l changes 
occurred in the com position and  not in the num ber of soil m icroflora (Fig. 
1). Hence, following addition of alfalfa hay m ultip lication of bac teria  was 
noted, which, during their developm ent used m ineral nitrogen and  p artic i
p a ted  in synthesis of p rotein  nitrogen in soil. The num ber of am m oni
fying bac teria  was reduced and  th a t of actinom ycètes increased in this 
varian t. There were changes in pea t and  straw  varian ts  sim ilar to  those 
of the control soil which was under perm anen t tem peratu re  and  m oisture 
conditions for 6 m onths. The tendency of am m onifying bac teria  to  increase 
in num ber could be observed in bo th  varian ts, especially on the effect of 
a longer incubation period. In  the trea tm en ts  w ith  straw , the num ber of 
the bac teria  utilizing the m ineral nitrogen also increased.

Bearing in m ind physiological characteristics and  partic ipa tion  in m iner
alization processes of the different groups of m icroorganisms m entioned 
(Voinova 1963), the following inferences m ay be drawn:

a) A pplication of alfalfa hay; an organic substance of higher nitrogen 
conten t, enhances am m onification in tensity  and accum ulation of available 
nitrogen in the soil, which is a p rerequisite for the m ultip lication of b ac te 
ria, using m ineral nitrogen. The la tte r  ones store nitrogen in the soil in 
the form of organic substances and are the basis of am ino acid accum ula
tion, fulvic and  hum ic acid, etc. Therefore, available nitrogen obtained during 
m ineralization of the organic residues of high nitrogen level is n o t sub 
jected  to  washing off and  storage in the soil.

b)  In  v arian ts  having low nitrogen containing peat straw , a sm aller am ount 
of m ineral nitrogen was liberated  in the course of am m onification and  in 
consequence even fewer bac teria  occurred which incorporated  the m ineral 
nitrogen into their cells. The tendencies no ted  do no t show basic differences 
in vai’ian ts w ith  and  w ithout fertilizers.

D ifferent experim ental varian ts  did  no t show changes in the  num ber of 
microorganisms connected w ith the breakdow n of organic phosphorus 
com pounds in the  soil.
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F ig . 2. A ctiv ity  o f am m onifi
c a tio n  o f th e  soil. 1 — contro l, 
2 = a lfa lf a ,  3 = p e a t ,  4 =  straw , 
A =  basic a c tiv ity  o f soil, 
В =  p o te n tia l a c tiv ity  o f  soil, 
I =  brow n fo rest soil, I I  =  grey  

fo rest soil

A - basic activity of soil 1 -  control 
В - potential activity of soil 2 -  alfalfq 
I -  brown forest soil 3- pea:
li -  grey forest soil 4- straw

A - brown forest soil 
В -  grey forest soil
I -  without fertilizers
II -  with fertilizers

1 -  control 
2- alfalfa 
3 - peat 
U -  straw

Fig. 3. A c tiv ity  o f n itrifica tion  of 
th e  soil. A =  brow n fo rest soil, 
В  =  grey  fo rest soil, I  =  w ith o u t 
fertilizers, 11 =  w ith  fertilizers, 
1 =  con tro l, 2 =  alfalfa, 3 =  p ea t, 
4 =  straw
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To throw  light on changes of the nitrogen regulation in soil a t m iner
alization of organic substances having different nitrogen levels, basic am m o
nification and nitrification were stud ied  along w ith  po ten tia l am m onifi
cation and  nitrification (Voinova 1963, Peive 1961). As com pared to  the 
control, there  were no im p o rtan t changes in in tensity  of basic am m oni
fication in single varian ts. Tendencies tow ards increased in tensity  of this 
process w ith  po ten tia l am m onification in the alfalfa hay v a rian t were 
no ted  (Fig. 2). E ssentially  these changes are sim ilar to  those no ted  in the 
conten t of am m onifying bacteria , i.e. am m onification proceeds more rapidly  
in the alfalfa hay  varian t.

Assessm ent of n itrify ing  ac tiv ity  (Fig. 3) shows particu larly  ab ru p t 
changes as induced by different p lan t m aterials. Hence nitrification ac tiv ity  
of soil is g reatly  enhanced in the alfalfa hay varian t and  quite sim ilar to  
the  control in the la tte r  v a rian t while a rap id  decrease of the nitrification 
ac tiv ity  is no ted  in the straw  varian ts. In  non-fertilized varian ts tendencies 
are sim ilar to  those for varian ts  trea ted  w ith nitrogen and  phosphorus. 
N itrogen fertilization in a dose of 60 kg/ha did  no t cause decrease in the 
negative effect of straw  on nitrification processes in the  soil. Our concept

Fig. 4. C ellulose-decom posing a c tiv ity  o f th e  soil. I  =  co n 
tro l, I I  =  alfalfa, I I I  =  p ea t, IV  =  straw , A =  brow n fo r
est soil, В  =  g rey  fo rest soil, C =  chernozem -sm oln itza

A -  brown forest soil 

В -  grey forest soil

I - control
II - alfalfa



Л t i ,  1 -  controlA -  grey forest soil 2 -  alfalfa
В -  brown forest soil 3 -  peat

A- straw

Fig. 5. C hanges o f  th e  C 0 2-con ten t o f th e  soil a ir.
A  == g rey  fo res t soil, В =  brow n fo rest soil, 1 =  con 

tro l, 2  =  alfa lfa

is th a t  a more prolonged m ineralization period of straw  probably  induces 
the u p take of soluble organic substances which as we know (Nikitin 1960) 
inh ib it nitrification. D a ta  on the cellulose-decomposing ac tiv ity  (Fig. 4) 
confirm the suggestion th a t  straw  m ineralization is less intensive com pared 
to  th a t of alfalfa hay. The filter p ap er p u t in the v a rian t w ith  alfalfa hay 
was com pletely decomposed as early  as a t the end  of the first m onth  (Fe
dorov 1961) and  a t  the  same tim e a certain  portion rem ained unchanged 
in the p ea t and  straw  v arian ts  up to  the end of the th ird  m onth.

The C 0 2 production of some experim ental varian ts  differs from  each 
o ther m arkedly. The C 0 2 production in the trea tm en t w ith  alfalfa hay 
was in itially  very  intensive then  it gradually  increased; in the trea tm en ts  
containing peat and  straw  the change was substan tia lly  less, though the 
to ta l am ount of C 0 2 was m uch less (Fig. 5). A sim ilar tendency  was no ted  
in the fertilized varian ts.

D ISC U SSIO N  A N D  CON C LU SIO N

The experim ents m entioned give a good explanation to  understanding  
why we have relatively  high N -quantities in to ta l nitrogen, hydrolizable 
nitrogen, as well as in the quantities of fulvic- and  hum ic acids in the  course 
of the m ineralization of the high nitrogen containing p lan t residues.

1. In  the case of higher nitrogen level in p lan t residues, microbiological 
processes correlated w ith  the elim ination o f m ineral nitrogen in the soil 
are intensified and accelerated during m ineralization. These processes 
however, determ ine the developm ent of m icroorganisms, the cells of which
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take up and  re ta in  the m ineral fertilizer thus storing it in the soil. D ecreas
ing organic substances under the conditions of such an intense m ineraliza
tion g reatly  stim ulates n itrification  processes and  accum ulation of m i
crobes in soil. Consequently conditions are created  for enriching soil w ith n i
trogen, fulvic and  hum ic acids.

2. P lan t residues of low nitrogen level are mineralized less rap id ly  and  
gradually  induce decrease in the nitrification processes and  ra th e r slow 
elim ination of available nitrogen from organic soil substance.

3. Addition of inorganic nitrogen in the dose up to  60 kg/ha when app ly 
ing organic substances of low nitrogen level basically enhances m ineraliza
tion of cellulose and  only slightly affects am m onification, which is re la ted  
to  the supply of the energy requirem ents for nitrification. Consequently 
it is not possible to  expect microbiological processes to  be re la ted  to  accu
m ulation of nitrogen in soil. Studies on higher nitrogen doses (forms and  
techniques applied) should be conducted w ith a view to  controlling m icro
biological processes for enrichm ent of soil w ith nitrogen and  humic acids.

4. N itrogen con ten t in p lan t residues to  a g reat ex ten t determ ines the 
course of m ineralization processes, ob tained  from in term ediate substances 
and  hum ification of soil.
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AND INORGANIC NITROGEN IN SOIL
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The role of organic com pounds in transform ation of inorganic nitrogen 
in soil, particu larly  in oxidation process of am m onia has no t y e t been 
sufficiently established. According to  W inogradsky (1953) organic sub 
stances of soil are specific inhibitors of nitrification, however, o ther a u th 
ors (Jensen 1950, P andalai 1936, Stevens and  W ithers 1910) have a differ
en t opinion in th a t  respect.

The aim of this paper was to  explain the influence of processes connected 
w ith  microbial decomposition of organic com pounds on the conversisuo 
of inorganic nitrogen in the soil.

M A T E R IA L  A N D  M ETH O D S

The transform ation of inorganic nitrogen was investigated: a)  in a sandv 
soil incubated  in jars a t 27 °C, b) w ith  the same soil by m eans of percolation 
technique. 2 g of am m onium  su lphate or potassium  n itra te , as the nitrogen 
source were added to  1 kg of soil. In  experim ents w ith percolators the
0.01 M solution of these nitrogen com pounds — in am ount 320 ml per 
50 g of soil, was used. The following organic com pounds were added  to  
the soil: glucose, starch , casein hydrolyzate and  gelatin.

In  order to  bring about the proliferation of nitrifiers, soil w ith am m onium  
sulphate was incubated  in jars or percolated 14 days before addition of 
organic compounds. Then the sam ples of soil from jars were analyzed a fte r 
21 and  90 days of incubation. The experim ents using percolators lasted  
15 days. Samples of percolating solution were analyzed every  3 days during 
the experim ental period. A t the  end  of the experim ents the sam ples of per
colated soils were also analyzed.

The num ber of pro teo ly tic bacteria , ammonifiers, bac teria  assim ilating 
n itra tes  and  bacterial groups reducing them  to  n itrites  was determ ined. 
Selective n u trien t m edia for culturing the tes ted  bacterial groups were ap 
plied for th is purpose.

Chemical analyses included the determ ination  of am ounts of am m onium-, 
n itrite - and  n itra te  nitrogen (by colorim etric m ethods). M oreover, organic 
nitrogen was determ ined by the  K jeldahl m ethod a f te r  ex traction  of 
inorganic compounds.

The pH  of soil sam ples was m easured as well.
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RESULTS

Experiments with soil incubated in jars. F igure 1 shows the resu lts of the 
experim ent on the influence of carbohydrates on transform ation of am monium 
nitrogen  in th e  soil.

The carbohydra tes added  to  the soil, especially glucose, caused a vigor
ous proliferation of pro teo ly tic bacteria , bac teria  assim ilating n itra tes  
and  bac teria  reducing them  to  n itrites. M etabolites of carbohydrates being 
form ed by  m entioned and  o ther groups of microflora did  no t inh ib it the 
oxidation of am m onium  nitrogen, b u t even influenced the increase of this 
process a fte r 21 days. A t th is tim e the  am ount of n itra tes  was g rea ter in 
the soil w ith added  carbohydrates com pared to  the control. The am ount 
of th is form of nitrogen decreased however, a fte r 90 days. In  this period, 
considering th a t am m onium  nitrogen was exhausted, the conten t of n itra tes  
decreased due to  their conversion to  organic nitrogen bv microorganisms 
(Fig. 1).

The addition of organic nitrogen com pounds to  soil involved, sim ilarly 
as in the case of carbohydrates, a m arked increase in num ber of the tested  
bacterial groups (Fig. 2). A fter 21 days it was more intense in the  presence 
of casein hvdrolyzate th an  in th a t of gelatin. A t this period vigorous d is tu rb 
ances in nitrification process were no ted  in soil enriched w ith  organic 
nitrogen compounds. The second step  in nitrification was inh ib ited  more 
strongly  th an  the first, affecting the accum ulation of n itrite s  in the soil. 
A fter 3 m onths no disturbances in nitrification were no ted  in soil w ith 
organic nitrogen compounds. At this tim e the am ounts of n itra tes  were 
even higher in the presence of casein hydrolysate com pared to  the control. 
This was the  resu lt of nitrification of some am ount of am m onium  nitrogen 
derived from the breakdow n of this com pound.

Figure 3 presents the results of the experim ent on the  effect of organic 
com pounds on transform ation  of n itra te  nitrogen added to  soil in the form 
of potassium  n itra te .

The addition of glucose or casein hvdrolyzate to  soil w ith potassium  
n itra te  caused the  vigorous proliferation of the tested  bacterial groups, 
sim ilarly as in the  case of experim ents w ith  am m onium  sulphate. This was 
observed even in the la te r experim ental period.

A fter 21 days the decrease of n itra te  nitrogen in soil w ith organic com 
pounds was noted. However, a fte r 3 m onths the am ount of n itra tes  in 
soil enriched w ith glucose or casein hydrolyzate was abou t 30%  higher 
th an  th a t in the control (Fig. 3).

Experiments by means of percolating technique. I t  seems th a t  the conditions 
under which percolation was running in our experim ents were not favourable 
for nitrification process. Technical lim itation did n o t allow exact regulation 
of speed of solution flow, thereb y  excessively m oistening the soil. In  this 
connection the influence of organic com pounds on transfo rm ation  of inor
ganic nitrogen in percolated  soil differed to  some ex ten t from th a t in soil 
incubated  in jars.

In  2 weeks’ experim ents, carried out by m eans of percolating techniques, 
glucose inhibited  the first step  in nitrification (Fig. 4) and  gelatin  appeared  
to  be a strong inhibitor of the second step  in th is process (Fig. 5).
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Fig. 4. E x p e rim e n t w ith th e  use o f  perco la to rs. E ffect o f 
c a rb o h y d ra te s  on th e  ox id a tio n  o f  N H J — N in th e  perco

la tin g  so lu tion

Fig. 5. E x p e rim en t w ith  th e  use o f perco la to rs. E ffec t o f 
o rganic  n itrogen  com pounds on  th e  ox ida tion  o f  N H f  — N  

in th e  p e rco la ting  so lu tion
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Fig. 6 . E x p e rim en t w ith  th e  use o f perco la to rs. E ffect o f 
organic  com pounds on th e  red u c tio n  o f  N O7 N  in th e  

p erco la tin g  so lu tion

Percolating solution contained a negligible num ber of bacteria , on the 
o ther hand, tlie percolated  soil, especially in the case of trea tm e n t with 
glucose, was ab u n d an t in the tes ted  bacterial groups.

There was a  m arked reduction of n itra te  nitrogen production in percolat
ing solution w ith  added  potassium  n itra te  due to  the effect of organic 
com pounds (Fig. 6). The effect of glucose on the reduction of n itra tes  to  
n itrite s  was stronger th an  th a t  of casein.

No detectable changes of pH of incubated soil were observed in the 
experim ents. I t  accounted for abou t 6.

D ISC U SSIO N

In  the  experim ents carried ou t the carbohydrates added to  the soil 
d id  no t h inder the oxidation of am m onium  nitrogen. On the o ther hand, 
organic nitrogen com pounds as casein hydrolysate or gelatin  upset this 
process, particu larly  its second step. I t  occurred, however, periodically, in



the first weeks of the  experim ent. This finding is in agreem ent w ith the 
resu lts ob tained  by o ther au thors. I t  is possible th a t  am ino-com pounds 
form ed due to  the protein  breakdow n m ight act toxically on bac teria  
from  genus Nitrobacter. The am m onia liberated  in excess under these con
ditions could inh ib it the action of nitrifiers as well.

The results ob tained  from  our investigations indicate also th a t  the 
influence of organic com pounds on nitrification process in soil ought to 
be considered on the basis of nitrogen tu rnover caused by heterotrophic 
groups of microorganisms, responsible under favourable conditions for 
m ineralization and  im m obilization of this nu trien t.
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M IN ER A LIZA TIO N  AND IM M OBILIZATION OF 
N IT R O G EN  W IT H  SOME CROP R E SID U E S AS 

A FFEC TED  BY RATES OF T H E IR  A PPLICATION ,
SOIL T E M PE R A T U R E  AND N IT R O G E N  SOURCES 

IN  A LOAM SOIL

P. C h a n d r a

DEPARTM ENT OF BIOLOGICAL SCIENCES,
LA K E SU PE R IO R  STATE COLLEGE, SAULT STE. M ARIE, MICHIGAN, USA

Crop residues are generally used as a m easure to  check soil drifting  caused 
by  w ind erosion in C anadian prairies. The residues are left for abou t a 
year in the field and  are gradually  tu rn ed  under the surface soil by subse
quen t cu ltura l practices. Use of these residues in the field m ay re ta rd  de
pletion of organic m a tte r b u t m ost likely will influence the soil nitrogen 
balance since the  in teraction  between various factors such as tem p era
tures, soil tex tu re , n u trien t availability , sources of applied nitrogen, pH  
of the  soil, and  m icrobial population s ta tu s  am ong others have m arked 
influence on the m obilization and  im m obilization of nitrogen.

E xtensive lite ra tu re  reviews on the general topic of m ineralization and  
im m obilization of nitrogen are available — H arm sen and  van Schreven 
(1955), Jansson  (1958), Bartholom ew (1965) am ong several others. The 
review of McCalla and  Arm y (1961) which perta ins to  the stubble m ulch 
farm ing in the g reat plains of USA is more generally re la ted  to  the p resen t 
investigation. I t  contains practically  no inform ation on the biological 
aspects of the decomposition of crop residues and  nitrogen transform ation  
processes in Canadian soils. Therefore, in the first instance the labora to ry  
investigation was undertaken  to  s tudy  the effects of ra tes of crop residues, 
sources of nitrogen and  tem peratu res on the m ineralization and  im m o
bilization of nitrogen applied in fertilizer form in a loam soil which was 
m easured in term s of n itra te  production.

M A T E R IA L  A N D  M E T H O D S

a) Soils: W ood m ountain  loam soil — a Brown group soil was collected 
from  the  south farm  of the experim ental station , Swift C urrent, S askatch
ewan in May 1961. The crop residues used in this s tu d y  were also grown 
on this soil. The soil had  the following chemical and  physical properties 
— pH  7.4; Organic m a tte r  3.16% ; to ta l nitrogen 0.23% ; Cation exchange 
capacity  18.4 m.e. per 100 mg of soil; n itra te  nitrogen 8 ppm ; w ater holding- 
capacity  55.7% ; m oisture 10%.

b) Crop residues: E leven crop residues — w heat, barley, oats, rye, m us
ta rd , rape, alfalfa, peas, flax, safflower and  R ussian wild ryegrass were 
used a t the ra te  of 1 and  5 tons per acre. These residues were ground in 
a W iley mill and  passed through  a 40 mesh sieve. They were also analyzed 
using À.O.A.C. procedure for m oisture, to ta l carbon, to ta l nitrogen, lignin 
and cellulose and the analyses presen ted  in Table 1.
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T able 1
R esults of analysis of crop residues on oven-dry basis

Crop
residues

Ash
%

H 20 Total
carbon

о/0

Total
nitrogen

о/
С/Х Lignin Cellulose

W heat 8.2S 9.9 40.04 0.32 125.0 14.5 44.5
O ats 4.22 10.2 40.23 0.66 61.0 13.4 44.6
B arley 5.83 7.9 40.65 0.49 83.0 13.4 42.4
R ye 5.45 8.3 42.64 0.64 56.6 11.6 40.8
F lax 6.60 8.9 41.70 0.58 71.9 25.3 47.2
Safflower 7.42 17.5 40.92 0.82 49.9 11.6 35.8
M ustard 3.73 11.9 36.84 0.40 92.1 18.8 49.3
R ape 7.53 9.2 41.03 0.48 85.5 24.7 48.8
Peas 4.43 15.5 40.84 0.73 56.0 12.4 32.6
Alfalfa 13.70 12.1 41.69 2.02 20.8 1 1.2 30.1
Grass 6.18 13.8 37.52 2.13 18.0 9.7 29.3

c) T em peratures: W ith  higher ra tes of crop residues (5T/A) the tem p er
atu res of 16 °C and  27 °C were used and  w ith the lower ra te  of crop residues 
(1T/A) it was 30 °C.

d) N itrogen sources: N H 4OH, N H 4/2S 0 4 and  commonly used 11 — 48 — 0 
(m onoam m onium  phosphate) were used a t  0 and  100 ra te  of nitrogen w ith  
the  exception th a t  N H 4()H  was not used w ith  the  lower ra tes of crop 
residues.

e) Incubation  of soil: E ig h ty  gram s of air-dried soil on w ater-free basis 
were used in p in t milk bo ttles in 3 replications. The soil was m ixed with 
the  ground crop residues and  nitrogen was added  in solution to  the desired 
m ix ture level. The bottles were closed w ith paper caps w ith  a 7 mm hole, 
weighed and  m ain tained  a t the 50%  of the w ater holding capacity  for 2, 4 
and  6 weeks a t  16 °C, 27 °C and  30 °C. A composite design was used for 
the statis tica l analysis.

M E T H O D  O F A N A LY SIS

Analyses for pH  and  N 0 ^ —N are reported  elsewhere by C handra 
and  Bollen (1960).

R E S U L T S  A N D  D ISC U SSIO N

The term  “ m ineralization” in this paper is used in the sense th a t the 
am ount of nitrogen changed from  its am m onium  form to  the n itra te  form 
and  n o t in the usual sense where the organic nitrogen is changed to  m ineral 
nitrogen generally in am m onium  form. The term  “im m obilization” is used 
in the  same sense as described by B artholom ew  (1965). N itrate-n itrogen  
changes w ith  crop residues when applied a t 1T/A are shown in Table 2 
and  the  sta tis tica l analysis for th is set of experim ents is given in Table 3.
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Changes in  nitrate nitrogen and pH  by addition of two fertilizers 
and crop residues (  1 ton per acre)

T able 2

Soil treatment

pH NO— N. ppm % apparent nitrification

(n h . i .s o . 11 18 -  0 (NH4)2SO t 11 48 0 (NH4)2S04 11 48—0

Weeks W(»eks Weeks

2 4 2 4 2 4 2 4 2 4 2 4

Soil only 7.2 7.1 7.2 7.1 31 48 31 48
Soil -f- N 6.9 6.6 6.6 6.5 70 145 81 155 39 97 50 107
Soil +  N  +

w heat straw 7.2 6.8 6.7 6.5 63 145 69 149 30 97 38 101
Soil -f- N  oa ts 7.1 6.6 6.7 6.7 55 125 59 133 24 77 28 85
Soil -(- N  -|- bar-

ley 7.2 6.9 6.7 6.7 62 130 66 135 31 82 35 87
Soil -)- N  - \-  rye 7.1 7.0 6.9 6.8 60 I I S 65 132 29 70 34 84
Soil - f  N - f  flax 7.4 6.8 6.6 6.7 65 138 85 151 34 90 54 103
Soil -f- N  -\-

safflower 7.3 6.6 6.5 6.4 61 128 66 138 30 80 35 90
Soil - |-  N  - |-

m u sta rd 7.2 7.0 6.6 6.8 68 131 72 143 37 83 41 95
Soil - |-  N  -f- rape 7.3 7.0 6.7 6.8 70 121 70 131 39 73 39 83
Soil —{— ]ST —{— peas 7.3 6.9 6.8 6.7 90 141 102 146 59 93 71 98
Soil - |-  N  -f- al-

falfa 7.4 6.7 6.7 6.6 74 137 78 134 43 89 45 86
Soil —|— N" —|— grass 7.1 6.9 6.5 6.7 86 156 97 179 55 108 64 131

T able 3
Statistical ana lysis* for the sources of nitrogen, soil treatments 

and incubation t ime

Grass Peas Soil only Flax Wheat Alfalfa
130 120 113 110 107 ion

Soil treatments
Mustard Bariev Rape Safflower live Oats

104 99 98 98 94 93

S o u r c e s o f  X 1 1 48 0 ( N 'H ,) ,S O ,
110 102

T im e 4 w e e k s 2 w e e k s
139 72

* A ny  tw o m eans n o t spanned  by  sam e line a re  significan tly  d ifferen t a t  th e  5%  
level b y  th e  D uncan  te s t. A ny  tw o  m eans spanned  by sam e line a re  n o t significantly  
different.

I t  shows th a t  n itrate-accum ulation  was com plete by the end  of 4 weeks 
w ith applied nitrogen sources and  there was abou t 100 p er cent m inerali
zation of the applied nitrogen in presence of crop residues. However, there 
was less m ineralization w ith  am m onium  su lphate th an  11 — 48 — 0. A lthough 
pH was som ewhat lower w ith the la te r source of nitrogen, i t  was in the op-



tim um  range for the nitrifiera. The crop residues behaved differently in 
the m ineralization of nitrogen. Rye grass showed the m axim um  m inerali
zation while rye and  oats had the lowest ra te  of m ineralization as indicated  
by the “ ap p aren t n itrification” ra te . This could be due to  the decomposing 
n a tu re  of a p lan t m ateria l in a particu la r soil under a given set of condi
tions. Such trends were observed by o ther workers also (Bartholom ew 
1965). The term  “ ap p aren t n itrification” is used to  show the m ineralization 
of n itrogen since there is a good possibility th a t  some of the  added nitrogen 
m ay have been immobilized in presence of a carbon source. Carbon added 
in form of crop residues am ounts to  40 ppm  in m ost cases and  nitrogen 
additions ranged  from  2 to  20 ppm  depending upon the  crop residue. How
ever, 100 ppm  addition of the nitrogen fertilizers lowered the C/N ratio  
to  the ex ten t th a t  it will induce lim ited nitrogen assim ilation and  thus more 
nitrogen will be le ft for nitrification process. A m ount of soluble carbon 
presen t and  C/N ra tio  in a plant m aterial, m ay also affect the  processes 
involved in nitrogen transfo rm ation—Jensen (1929) and  W insor and P o l
lard  (1965a). C handra and  Bollen (1960) earlier observed such differences 
in the nitrification process. F rederick and  B roadbent (1966) have discussed

T ab le  4
N itrate-nitrogen changes in soil as affected by addition  of N H tOH  

and crop residues

NO§ -  > ppm Increase in NO^ — 
over soil only, ppm

4, % apparent litriiication1

16 °c 27 °c 16 °C 27 °c 16 °c 27 °c

Weeks Weeks Weeks Weeks Weeks Weeks

2 6 2 6 2 6 2 6 4 6 4 6

Soil only 25 35 45 57
Soil - f  N 47 88 99 12(1 22 54 54 09*
Soil - f  N - f

w heat straw 42 127 90 195 17 92 45 138 26 38 44 69
Soil -f- N  -|- oa ts 41 124 78 195 16 89 33 138 25 36 49 69
Soil +  N - f  bar-

ley 37 134 81 195 12 99 36 138 21 40 42 09
Soil -J- N -(- rye 44 128 87 209 19 93 42 152 31 40 40 83
Soil -f- N  -f- flax 42 129 84 214 17 94 39 157 37 41 59 88

Soil +  N  +
safflower 35 117 87 177 10 82 42 120 13 29 30 51

Soil -(- N  -(-
m u sta rd 43 111 9fi 215 18 70 51 158 24 23 40 89

Soil -f- N  -(- rape 41 104 93 210 10 09 48 153 17 16 35 84
Soil -J- X  peas 35 152 100 213 10 117 55 156 56 04 83 87
Soil N  -|- al-

falfa 31 130 93 197 6 109 48 140 45 55 50 71
Soil —J— —|— grass 36 17(1 100 208 11 141 55 151 93 88 100 82

* P ro b ab ly  due  to  den itrifica tion .
1 N o “ A p p a re n t N itr if ica tio n ” took  place w ith  crop residues a t  2 w eeks. H ence 

d a ta  for i t  is deleted .
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in detail the  “ Biological in teraction” involved in am m onia transform ations 
under different environm ental conditions. The results in Table 2 are in 
agreem ent w ith o thers th a t  the crop residues applied a t 1T/A ra te  do not 
con tribu te any  change to  the m ineralization of nitrogen under the lab o r
a to ry  conditions.

When higher ra te  of crop residues were added a t 5T/A, the C/N ratio  
was affected and  there was im m obilization of nitrogen of 2 weeks and  4 
weeks and  there was no nitrogen left for m ineralization.

Allison and  K lein (1962) also observed the “ tie -up” of nitrogen 
w ith  different rates of additions of carbonaceous m aterials. The results 
are given in Tables 4, 5, 6 and  7. R esults for 4 weeks are deleted  from  these 
tables since the trends were sim ilar to  2 weeks’ result except th a t there 
was higher n itrate-p roduction  w ith  all the 3 nitrogen sources. T em perature 
m arkedly affected m ineralization of nitrogen. Effect of tem peratu re  on 
nitrification is also repo rted  earlier bv o ther workers, Jensen (1939), Sabey 
e t al. (1954), Frederick (1956), and  C handra and  Nielsen (unpublished 
results).

T able 5
N itrate-nitrogen changes in  soil as affected by addition of ( N H 4/)2S O 4 

and crop residues

Soil treatm ent

NOr — N, ppm Increase in NO-p — X 
soil only, ppm

over % apparent nitrification1

16 °c 1 27 ( ' 16 C 27 °° 16 CC 27 °c

Weeks Weeks Weeks Weeks Weeks Weeks

2 6 2 6 3 6 2 6 4 6 4 6

Soil only 25 35 45 57
Soil +  N 38 78 108 130 13 43 53 73*
Soil -)- 3ST -(-

w heat straw 34 118 94 187 9 83 49 130 27 40 36 57
Soil -{- N oats 28 119 84 194 3 84 39 137 23 41 43 04
Soil —(— 1ST —J— bar-

ley 41 130 90 192 16 95 45 135 31 52 31 02
Soil -)- N  - f  rye 52 135 84 21 0 27 100 39 153 37 57 36 80
Soil -\- N  -|- flax 38 137 80 216 13 102 35 159 42 59 58 80

gq —I— fej !

safflower 3(1 123 73 182 11 88 28 125 19 45 35 52
Soil +  N  +

m u sta rd 37 119 92 217 12 84 47 160 28 41 48 87
Soil X  -f- rape 49 111 80 209 24 70 41 152 37 33 41 79
Soil -j- N  -f- peas 35 155 99 229 10 120 54 172 77 1 77 67 99
Soil +  N  +  al-

falfa 27 129 91 20 0 2 94 46 143 42 61 48 70
Soil —{— jST —)— grass 38 170 90 21 I 13 135 51 154 100 92 100 81

* P r o b a b ly  d u e  to d e n it r i f ic a t io n .
1 N o “ A p p a re n t N itr if ica tio n ” to o k  place w ith  crop residues a t  2 w eeks. H ence 

d a ta  for i t  is deleted.



N itrate-nitrogen changes in  soil as affected by addition of 11—4 8 — 0 
and crop residues

T able 6

NOr X, ppm Increase in XO5-  — X 
soil only, ppm

over %  apparent litrification1

16 °C 27 °c h °c 27 °C 16 °c « °C

Weeks Weeks Weeks Weeks Weeks Weeks

2 6 2 6 2 2 6 4 6 4 6

Soil only 25 35 45 57 _ _
Soil - f  N 43 97 114 135 18 62 69 78*
Soil +  X +

w heat straw 4.S 148 95 213 23 113 50 156 29 51 48 78
Soil -|- N  -f- oa ts 42 144 75 206 17 109 30 149 42 47 43 71
Soil N  -(- bar-

ley 44 152 80 211 19 117 35 154 41 55 42 76
Soil -(- N -f- rye 48 151 73 220 23 116 28 163 40 54 42 85
Soil +  N  - f  flax 33 152 77 216 8 127 32 159 44 65 55 81
Soil - f  X +

safflower 27 128 58 201 2 93 23 144 14 31 36 66
Soil -\- N  -\-

m u sta rd 47 149 80 222 22 114 35 165 34 52 47 87
Soil -|- N -j- rape 54 132 81 219 29 97 36 162 23 35 40 84
Soil -|- N -|- peas 48 155 102 235 23 120 67 178 63 58 73 100
Soil -)- N  al-

falfa 47 148 98 203 22 113 63 146 46 51 49 68
Soil -J- N -|- grass 43 180 101 223 18 145 66 166 100 83 53 88

* P ro b ab ly  <lue to  den itrifica tion .
1 No “ A p p a re n t N itr ifica tio n ” took  place w ith  crop residues a t  2 w eeks. H ence 

d a ta  for it  a re  deleted .

It is well agreed upon there is lesser nitrification a t below tlie optim um  
level of 25—35 °C. K uo (1955) also observed a sim ilar influence of a tem 
p eratu re  of 15 °C on the im m obilization of nitrogen. Again, the na tu re  of 
p lan t m ateria l is obvious in the tables 4, 5 and  6. R ussian wild rye grass 
was nitrified m ost rap id ly  b u t alfalfa did not in spite of the fact th a t  it 
has alm ost as m uch nitrogen as the R ussian wild rve grass. This m ay be 
due to  the pi’esence of some toxic substances in it and  this was tru e  w ith 
all the 3 nitrogen sources.

Safflower and  m ustard  also showed toxic effects on the nitrification p ro 
cess and  seem to  delay the m ineralization of nitrogen a t both  the tem p er
atures. This m ay also be a ttr ib u te d  to  the natu re  of the p lan t m aterials. 
Toxic effects of these m aterials were observed on the CO ̂ evolution, as 
repo rted  by C handra (1966).

In  order to  in te rp re t the results in tables 4, 5 and  6 one m ust notice 
th a t  the  check soil showed a decrease in the “ ap p aren t n itrification” 
which m ay be m ost likely due to  denitrification s ta rting  a f te r  a 4-week
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T able 7
Statistical analyses* for the sources of nitrogen, soil treatments and incubation  

tim e for each temperature in  Tables 4, 5 and 6

Soil tre a tm e n t 1 Grass Peas R ye A lfalfa Í F lax B arley
134 108 99 98 97 93

W heat O ats M ustard R ape Safflower Soil only
91 91 90 86 81 68

Sources o f X 

T im e

1 1 - 4 8 -
104

6 weeks 
133

(N H 4)2S 0 4
90

4 weeks 
1 11

XH,OH
90

2 weeks 
40

Soil trea tm e n t Grass Peas M ustard  F lax Alfalfa R ape
184 182 167 , 166 162 162

Rye W heat O ats B arley Safflower Check
160 160 157 156 148 128

Sources o f N 11 48 — 0 (N H 4).,SO, N fljO H
166 159 158

Tim e 6 wet>ks 4 weeks 2 weeks
201 193 89

* A ny tw o m eans n o t spanned  by  th e  sam e line a re  significantly  d iffe ren t a t  th e  
5%  level b y  D u n can ’s te s t.

A ny tw o m eans n o t spanned  b y  th e  line a re  n o t sign ifican tly  d ifferent.

period when the nitrification of the added nitrogen was com plete. This is 
particu larly  im p o rtan t in view of the fact th a t  less nitrogen was m ineralized 
between 4 and  6 weeks in all trea tm en ts  a t 27 °C b u t there is g reater a p 
p aren t nitrification a t 6 weeks. This is so because the d a ta  for app aren t n i
trification are based on the n itrate-n itrogen  production in the check soil. 
There has been more release of nitrogen for m ineralization between 2 and 
4 weeks in all trea tm en ts  a t 27 °C which indicates a less and  less need for 
the available nitrogen by the heterotrophic microorganisms which are known 
to prefer am m onia nitrogen and  immobilize it in presence of carbon source, 
Jansson  et al. (1955).

R esults under labora to ry  conditions m ay no t I’eflect upon w hat actually  
goes on in a soil under field conditions where the environm ental conditions 
change from day-to-day , b u t such a s tudy  m ay help to  un d erstan d  the 
behaviour of a fertilizer under a given set of conditions which m ay be 
conducive to  know m ore abou t the  complex n a tu re  of nitrogen in soil.
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CHANGES OF T H E  COM POSITION OF M ICROBIAL 
COENOSES AND C/N RATIO BY DECOM POSITION 

OF PLANT R E SID U E S IN  T H E  CH ESTN U T SOILS OF 
T H E  K U LU N D A  S T E PP E

I. L. K l e v e n s k a y a

LABORATORY OF M ICROBIOLOGY, IN ST IT U T E  OF SOIL SCIENCE AND AGRICULTURAL
CHEM ISTRY OF T H E  SIBE RIA N  BRANCH OF TH E ACADEMY OF SCIENCES OF T H E  USSR,

NOVOSIBIRSK, USSR

As it  is generally known, in certain  soil types in spite of organic m a tte r 
which gets into the  soil w ith different carbon and  nitrogen contents (litter- 
fall of different p lan ts, straw  and  o ther p lan t residues) a constan t q u an ti
ta tiv e  ra tio  of these elem ents is to  be observed.

This m eans th a t the soil is a self-regulating system  in which highly p re 
cise and  effective biological mechanisms, stabilizing the C/N-ratio, function. 
As it was suggested by Pochon an d  de Barjac (1960) the action of these 
m echanism s is re la ted  to  the losses of carbon as C 0 2 during the decom po
sition of organic m a tte r  w ith  high C/N-ratio and  nitrogen as N H 3 during 
the decom position of organic m a tte r  w ith very  low C/N-ratio.

The investigations which were carried ou t earlier (K levenskaya and  
N aplekova 1968) showed th a t due to  the com plexity and  d iversity  of o r
ganic substra tes which are decomposed in the soil, the in ten sity  of m icro
biological processes and  ways leading the C/N-ratio to  the  definite level 
were specific for each concrete case.

Our research was aim ed a t  refining our inform ation abou t the changes 
in microbe populations and  direction of microbiological processes, which 
by  decom position of different p lan t residues could get in to  the chestnu t 
soil of the K u lunda steppe.

'fhe experim ents were perform ed in the percolators m ounted according 
to  M acura and  M alek’s scheme (1958). 250 g of soil and  2 g of d ry  thoroughly 
ground p lan t residues such as w heat straw , young leaves of beet, stalks 
and  leaves of sunflowers, over-ground p arts  of feather grass, pea, vetch, 
corn, barley, flax, wormwood were placed into cu ltivators. The control 
was the soil, to  which p lan t residues were n o t added. The incubation of 
soil and  p lan t residues was carried out under soil m oisture of about 20%  
(th a t m akes up 6 0 % o f to ta l m oisture), am bient tem peratu re  of 20 —25° and  
daily aeration w ithout C 0 2.

F or 9 m onths (with periods from  10 to  80 days) the records were kep t of 
am m onificators on m eat-and-peptone agar, actinom yces on starch-and- 
am m onia agar, oligonitrophilic bac te ria  on M ishustin’s m edium  (1955), 
denitrificators on fluid G iltay’s m edium  according to  Bereosova’s m odi
fication cellulose-ferm enting m icroorganisms on H utch inson’s m edium . 
Carbon by K nop — S abanin’s m ethod, nitrogen by M odelbauer’s m ethod, 
cellulose by direct m ethod, exchangeable am m onium  by Nessler’s reagent, 
n itra tes  by disulphophenic acid were determ ined as well. Evolving C ()2 
was trap p ed  w ith  0.1 n Ba(OH)2 followed by titra tio n  w ith  0.1 n oxalic 
acid. The in tensity  of biological fixation of nitrogen was determ ined in special
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Fig. 1. P rin c ip a l schem e o f m icrobiological regu la tion  o f C/N ra tio  in
c h e s tn u t soil

experim ents using isotopes. W ide small glasses w ith 50 g of soil and  0.4 g 
of p lan t residues were placed in to  special desiccators which were filled a fte r 
pum ping w ith  artificial atm osphere of the following com position: nitrogen 
(enrichm ent by 15N 93.5 atom ic per cent) — 34% , oxygen 21% , CO., 0.3'% 
an d  argon 44.7% . The incubation of soil was accom plished as described 
above. The experim ent lasted  for 2 weeks. Mass determ ination of 15N in 
the  soil was carried out by m ass-spectrom eter MI 1305. W hen conducting 
these experim ents the num ber of nitrogen-fixing m icroorganisms was calcu
lated: azo tobacter on Ashby medium, Clostridium on W inogradsky’s 
m edium  and  oligonitrophilic m icroorganism s on M ishustin’s medium  (1955). 
N itrogen-fixing forms were calculated separately  am ong the la tte rs . The 
determ ination of nitrogen-fixing ability  was done by isotopic and  o th er 
chem ical m ethods.

The conducted experim ents m ade it possible (following the exam ple of 
chestnu t soil of the K ulunda steppe, to  which different organic substra tes 
were applied) to  obtain  d a ta  on the evolution of microbecenoses during the 
decom position of p lan t residues and  direction of microbiological processes 
regulating the C/N-ratio and  ascertain  some qu an tita tiv e  expressions of 
the process as well. P rincipal scheme of microbiological regulation of the 
C /N -ratio in chestnu t soil is shown in Fig. 1. Microbiological equilibrium  
characteristic of chestnu t soil is broken by applying different p lan t resi
dues to  it.
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In  the early  stages of decom position of p lan t residues, taxonom ic com po
sition of microbe population characteristic of chestnu t soil is changed 
considerably. In  microbecenoses the proportion  of bac teria  especially non
spore-form ing ones from Pseudomonas increased significantly. The n u m 
ber of actinom yces, especially relative ones decreases, the  num ber of 
fungi rem ains alm ost a t the same level increasing considerably only on 
the very  first days of the experim ent.

In  la te r stages of decomposition, spore-form ing bac teria  and  Actinomyces 
are developed rapidly. The num ber of different physiological groups of m icro
organism s is variable considerably. In te rd ep en d en t changes in the  ra tio  
of the num ber of m icroorganisms realizing the m etabolism  of carbon and 
nitrogen, become ap p aren t prim arily.

The application of p lan t residues stim ulates very  m uch the  developm ent 
of cellulose-fermenting m icroorganism s which in its tu rn  results in intensive 
decomposition of cellulose and  considerable losses of carbon as C()2 (Kle- 
venskaya and  N aplekova 1968).

The presence of organic substra tes containing album ins and  am ino acids 
results in an increase in the num ber of am m onificators and  acceleration 
of the process of am m onification as well. In  its tu rn  the form er prom ote 
the developm ent of the nitrification process which judging from  accum u
lation of n itra tes  in the  soil w ith applied p lan t residues proceeds very  
quickly.

Considerable n itra te  storage and  also accum ulation of soluble carbon- 
containing substra tes (owing to  the ac tiv ity  of cellulose-ferm enting m icro
organisms) assure the developm ent of denitrificators which results in losses 
of nitrogen. To a different ex ten t these losses com pensate the ac tiv ity  of 
nitrogen-fixing m icroorganisms whose developm ent is caused by the p res
ence of soluble carbon-containing substances as well. The processing of 
results by statistica l analysis showed th a t there was a d irect correlation 
between the  num ber of nitrogen-fixing microorganisms and  in tensity  of 
decom position of cellulose (r =  4-0.94 +  0.05). The same correlation was 
found between the num ber of nitrogen-fixing bac teria  and  soil carbon 
con ten t (for aerobes r =  -j-0.85 +  0.05, for anaerobes r =  + 0 .8 0  +  0.11).

The changes in decomposition of microbecenoses re la ted  to  the  loss of 
carbon and  change of nitrogen con ten t led to  the  gradual stabilization in 
the  soil of C/N-ratio, d isturbed  by application of organic residues: the 
biological equilibrium  of the soil is re-established as well.

E volution of microbe population and  ra te  of re-establishm ent of m icro
biological equilibrium  and  stabilization of C /N -ratio depend on chemical 
composition of p lan t residues.

By addition of substra tes w ith high nitrogen storages and  low C/N-ratio 
(for exam ple young leaves of beet, containing 4.1%  of nitrogen and  C/N- 
ra tio  =  7 to  chestnu t soil cellulose-ferm enting microoganisms are developed 
rap id ly  which ten d  to  the speedy decom position of organic m atte r. The 
high ra te  of cellulose decomposition enables intensive developm ent of o ther 
processes connected w ith  it, such as nitrification, nitrogen fixation and  
especially denitrification. The losses of nitrogen by denitrification a t  early  
stages of decomposition are no t com pensated by the ac tiv ity  of nitrogen- 
fixing organism s notw ithstand ing  th a t in th is case n itrogen fixation p ro 
ceeds very  intensively (Table 1).
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The change of microbe-cenoses and some chemical indices oj chestnut soil on a pp ly ing  plant residues
T able 1

Soil 4- beet leaves Soil -f straw
Indices plant residues 15 days 3ft days 60 days 15 days 30 days 60 days

T otal n u m b er o f bacteria , A ctinom ycètes 
and fungi per 1 g of soil 1.4 8.0 0.2 22.1 8.0 11.8 10.7

B acteria , m illion  per 1 g o f soil 1.0 7.4 2.5 10.8 7.3 10.1 9.3

B acteria , % 71.4 92.5 40.3 70.0 91.3 85.3 86.8

N um ber o f  A ctinom ycètes, m illion  per 1 g 
o f soil 0.4 0.0 3.7 5.2 0.7 1.7 1.4

A ctinom ycètes, % 28.0 7.4 59.2 23.5 8.7 14.4 13.0

N um ber o f fungi, m illion pe r 1 g of soil 0.004 0.03 0.03 0.02 0.04 0.04 0.04

Fungi, % 0.3 0.4 0.5 0.09 0.5 0.3 0.4

Cellulose-ferm enting m icroorganism s, 
m illion p e r 1 g o f soil 0.07 1.9 0.3 0.5 0.04 0.08 0.02

O ligonitrophilic  m icroorganism s, million 
pe r 1 g o f  soil 2.9 34.4 38.1 25.8 22.3 27.4 10.1

Ni tro g en -fixing m icroorganism s among 
oligonitrophilic  m icroorganism s, million 
pe r 1 g  o f soil 0.0 3.8 2.0 1.8 1.0 2.2 1.3

A zotobacter, soil crum b percen tage  
covered w ith bacteria l m u cu s 0 30 not recorded not recorded 10 no t recorded not recorded

Clostridium  in t itre 1 0 - 3 I O - 3 not recorded n o t recorded i o - 4 n o t recorded no t recorded

D en itr if ie rs  nu m b er in t itre 1 0 - 4 10-5 10-° IO "3 10-5 10-5 IO"5



D ecom position degree, %  (according to 
carbon

Carbonic losses (as C 0 2), m g p e r  250 g of
soil

Carbon co n te n t, g per 250 g o f  soil 2.72

N itrogen co n te n t, m g per 250 g  o f  soil 209

N H ^ , m g p e r  250 g  of soil 3.1

N O J , m g p e r 250 g of soil 9.2

N itrogen-fixation  lr’N, atom ic p e r cent 

N itrogen ba lan ce

C / N  ra tio  , 10.4

31

193

3.34

344

0.9

25.7

1.040

9.7

00СЛ

34 39 22 34 4S

210 240 107 27. 309

3.10 3.20 3.48 3.20 3.04

3.01 324 285 1209 303

11.0 5.3 4.7 9.7 4.0

04.0 1 1 1.0 0 0 40.S

no t recorded no t recorded 0.045 n o t recorded no t recorded

19.2 +  18.0

10.3 9.9 12.2 11.9 10.0



B y adding beet leaves to  the soil, a rap id  displacem ent is observed 
tow ard  the  increased re la tive num ber of actinom yces (Table 1) which 
indicates the prelim inary  stages in the  decomposition of organic m atter. 
The high ra te  of microbiological process assures more rap id  stabilization 
of C/N-ratio.

By addition of chestnu t soils of p lan t residues w ith less nitrogen conten t 
an d  higher C /N -ratio (for exam ple w heat straw  containing 1.3%  of nitrogen 
and  C /N -ratio =  30) the process of decom position proceeds at first slower 
th an  by addition of beet leaves. Then the ra te  increases and  in 30 days the 
com pared versions do n o t differ in degree of decom position of applied 
p lan t residues. The in tensity  of denitrification process by addition of straw  
is not high and  ap jiaren t losses of nitrogen are not observed. The level of 
biological fixation of nitrogen is som ewhat lower th an  on addition of beet 
leaves to  the soil.

In  the composition of the microbe population the displacem ent proceeds 
m arkedly  on the side of increased num ber of Actinomyces.

Due to  the slow ra te  o f m icrobiological process a slower ra te  of stab ili
zation of C /N-ratio was found as well.

Thus, in itial carbon and  nitrogen con ten t specific for each species of p lan ts  
which a f te r  dying get into the soil, plays an essential p a r t  in the regulation 
of the  ra te  of stabilization of C /N-ratio in the soil. This regulation is ful
filled by biological m echanism s whose action, in its tu rn , is caused by require
m ents of the m icroorganisms for defined nitrogen and  carbon com pounds 
and  th e ir ac tua l conten ts in the m edium.

SUM M ARY

The soil is a self-regulating system  in which highly precise and  effective 
biological m echanism s stabilizing the C/N-ratio function.

Due to  the com plexity  of organic substra tes which take place in the 
decomposition in the soil, the in tensity  of microbiological processes an d  ways 
leading the C /N -ratio to  the definite level are specific for each case.

By addition to  chestnu t soil of the K u lunda steppe, of d ifferent p lan t 
residues containing different am ounts of carbon and  nitrogen, m icrobiologi
cal equilibrium  characteristic for th is soil is d isturbed. In terdependen t 
changes in the  ra tios of m icroorganism ’s num ber indicating the m etabolism  
o f carbon and  nitrogen become prim arily  apparen t.

In  chestnu t soil of the K u lu n d a  steppe the principal biological m echanism  
stabilizing C /N -ratio is decomposition of cellulose by cellulose-ferm enting 
m icroorganisms. As a resu lt of their ac tiv ity  significant losses of carbon 
as C 0 2 and  the process of denitrification occur, the la tte r  gives rise to  the 
losses of reduced nitrogen com pounds and  p a rtly  the process of nitrogen 
fixation leading to  the accum ulation of nitrogen.

The in itial nitrogen and  carbon conten t in the p lan ts  which get into the 
soil a f te r  dying plays an essential p a r t in the regulation of C/N-ratio in 
the soils and  the ra te  of stabilization. This regulation is performed by biologi
cal m echanism s whose action in their tu rn  are induced by requirem ents of

86



microorganisms for definite nitrogen and  carbon com pounds an d  th e ir ac tual 
conten t in the m edium .

The principal scheme of microbiological regulation in the  chestnu t soil of 
the K u lu n d a  steppe is given in Fig. 1.
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E F FE C T  OF D IF F E R E N T  FORM S OF N IT R O G E N  
F E R T IL IZ E R S  ON T H E  H U M IFICA TIO N  OF 15N 

TAGGED STRAW

D. W ó j c i k - W o j t k o w i a k

DEPARTM ENT OF PL A N T PHYSIOLOGY, COLLEGE OF AGRICULTURE, POZNAN,
POLAND

The breakdow n of the p lan t residues introduced in to  the soil is d e te r
m ined by  two opposite processes. One of them  is the m ineralization 
process, the  o ther one is the hum ification which results in the increase of 
the hum ic com pounds of the soil.

M any experim ents have been conducted recently  for the  stu d y  of the 
hum ification processes using 14C isotope (K ristanov  1965, Chahal and  
W agner 1965, Jansson  and  Persson 1968, M utatker and  W agner 1967, 
Sauerbeck and  F ü h r 1968, S0rensen 1963, W agner 1968). These experim ents 
dem onstrated  which p a r t  of the p lan t mass getting  into the  soil m inera
lized in to  14C 0 2 respectively and  how much m arked carbon is incorpo
ra ted  into humic m aterials.

I t  is well known th a t  besides carbon, nitrogen is the o ther basic com 
pound  of hum us. In  spite of th a t  there are n o t m any publications dealing- 
wit h the clarification of the role of nitrogen in hum ification bv m eans of the 
isotopic technique (Smirnov 1968, W ójcik-W ojtkow iak 1967, B roadben t 
1968, D anneberg e t al. 1968, Chu 1966). There has been no publication 
known to us un til now in which the hum ification process of p lan t m ateria l 
was studied with 15N isotope.

E X P E R IM E N T A L  PA R T

To clarify the above listed problem s model experim ents were conducted 
in laboratory  conditions. O at straw  grond and  m arked w ith 15N was in tro 
duced in to  the soil in 5%  am ount, N aN ()3 or (N H 4)2C 0 3 were added  to  
the  soil in am ounts of 1%  of straw . M ixtures p repared  in this way were 
incubated  for 14, 56 and  112 days in determ ined tem peratu re  and  mois
tu re  conditions.

The results of the experim ents showed (Table 1) th a t  the hum ification 
of straw  was accom panied by  intensive m ineralization processes. The 
added  nitrogen m ade both  processes m ore rapid.

As a  resu lt of m ineralization the  to ta l nitrogen con ten t of the soil 
and  the am ount of organic nitrogen decreased and  parallel to  th is  the 
am ount of m arked m ineral n itrogen increased. So, e.g. in th e  case of 
trea tm e n t 2 containing straw , 93%  of the tagged nitrogen rem ained in 
th e  organic bond a f te r  112 days incubation, b u t in the trea tm en ts  to  
which m ineral nitrogen w ar added  th is am ount was only 59 —61% . The 
decrease of the nitrogen in the organic bond was a resu lt p a r tly  of the 
m ineralization and  p a rtly  of the losses of nitrogen occurring during
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incubation. In  the tre a tm e n t containing only straw , m ineralization a- 
m ounted to  2 .6%  and th e  tagged nitrogen loss was 4%  in the trea tm en ts 
containing mineral nitrogen 24 — 25%  from  the straw  relased and  the 
losses increased to  14— 17%.

As the  experim ents dem onstrated  the  m axim al incorporation of the m in
eral n itrogen com pounds in troduced into the soil in the course of hum ifica
tion in to  organic bond took place on the 14th day of the incubation (Fig. 1). 
I t  was only a f te r  th is period th a t the ra te  of m ineralization surpassed the 
ra te  of the incorporation. As a resu lt of this the m ineral nitrogen was 
dem onstrable perm anently  u n til the end  of the experim ent. The experim en
ta l resu lts which have been published B roadbent and  Tyler (1962) as well 
as Giam biagi and  Cerri (1968) are very im portan t. According to  th e ir e s tab 
lishm ents independently  o f the fact w hether nitrogen in troduced  into the 
soil was in the form  of am m onia or n itra te  the m ajority  of nitrogen liberated  
from the organic m aterial and  m ineralized secondarily which accum ulated 
in to  the soil was n itra te  nitrogen.

I t  is ev ident from  the d a ta  of Table 1 th a t  the hum ification of the straw  
in troduced  in to  the soil com m enced a fte r mixing. This is proved by the 
fact th a t  the m arked  nitrogen can be dem onstrated  from  all the fractions 
of hum ic m aterials a fte r 14 days incubation, though 56 — 57%  of them  are 
incorporated  in hum ic m ateria ls insoluble in N a4P 2()7 and  NaOH. W ith 
the  progress of hum ification processes the nitrogen am ount presen t in 
p lan t m aterials decreases strongly and  parallel w ith  this increases the 
m arked  nitrogen occurring in hum ic and  fulvic acid. As regards the nitrogen 
conten t of hum ic and  fulvic acid fractions of the trea tm en ts  containing

ДСН
soil + straw

30- X-----X soil + straw + NaNCb
о---- о soil +■ straw  + (NHtóO

20- NH4+ -N

СЛ
cn

56
Days of incubation

112

Fig. 1. The change o f th e  q u a n ti ty  o f m inera l X  in 
th e  soil d u rin g  incuba tion
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T a b le  I
B a la n ce  o f tagged  15ЛГ ( in  %  o f stra y ; )

' Straw +  soil
incubation, days without \ • NaNOj, i NH4)jjC03

N fraction 14 56 112 14 56 112 14 56 112

humic
N a4P 20 -  acids 4.3 5.1 5.6 5.6 6.6 5.5 (>.6 5.5 5.4

extract fulvic 
acids 14.0 18.7 25.0 9.3 16.2 15.2 17.9 13.6 12.2

humic
NaOH acids 6.1 6.3 7.0 8.1 8.0 6.9 8.6 8.2 8.3

extract fulvic
6.1 7.4 6.1 2.4 2.3 3.9 3.1 6.6 4.9

Insouble
(humins; 66.8 58.6 49.6 66.5 41.7 27.4 55.8 36.4 29.7

Inorganic 0.4 1.3 2.6 3.5 13.7 23.7 4.5 20.0 25.4
Losses 2.3 2.6 4.1 4.6 11.5 17.4 3.5 9.7 14.1

nitrogen fertilizers, there was no significant difference between the sam ples 
tak en  a t the 14th and  114th day  of the incubation period.

The constan t increase of 15N conten t of hum ic and  fulvic acids could 
be observed during the experim ent in the trea tm en ts  having only straw , 
although the degree of the increase was no t high. As an end result there 
was no essential difference between the hum ic and  fulvic acid conten t of 
t he different trea tm en ts
a t  the  end of the 112th  
day  of incubation. These 
indicate th a t  the  hum i
fication processes are 
accom panied by very 
intensive m ineralization. 
The in troduction of ni
trogen fertilizers acceler
a ted  the humification 
of straw , b u t a t the 
same tim e it stim ulated  
the m ineralization of 
the newly form ed hum us 
m aterials. However, 
as a m a tte r of fact, the 
increase of the humic 
and  fulvic acids of the 
soil was caused bv the 
straw  only.

In  consequence of 
straw  m anuring the to 
ta l carbon con ten t of

1301

14 56
3hys of incubât c:
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humic acids
soil + straw

the soil increased. In d e
pendent of the big am ount 
of straw  added to  the soil 
abou t 15% of it incor
p o ra ted  into the organic 
m aterials of the soil. 
This fact has been poin
ted  ou t by m any au thors 
too (Chahal and  W agner 
1965, M u ta tk e ra n d  W ag
ner 1967, W agner 1968). 
The m ixing of the  n itro 
gen fertilizer — prim arily  
the am m onium -nitrogen 
containing com pounds — 
into the soil though accel
era ted  the m ineralization 
of straw , b u t a f te r  112 
days incubation i t  does 
no t change the  to ta l 
am ount of the hum ified 
carbon con ten t of the 
soil.

The am ount of th e  hu
mic and  fulvic acids can 
be ex trac ted  w ith N a4P 20 7 
as well as N aO H  changed 
in the  investigated  soils 
in the course of incuba

tion. B oth  hum us fractions increased by double com pared w ith  organic 
m a tte r con ten t of the  original soil in the first 14 days of incubation. In  the 
N a4P 20 7 solution the fulvic acids were dom inant, in the NaOH ex trac t 
the hum ic acids w ith  the tim e of incubation. The am ount of bo th  hum us 
fractions decreased intensively in all varian ts  of the experim ents (Figs 2, 3). 
I t  can be concluded from  th is  th a t  the humic com pounds formed newly are 
n o t lasting and  th ey  are easily m ineralized. I t  concerns firstly the humic 
com pounds which form ed a f te r  addition of nitrogen. Between the  humic 
fractions received w ith the two ex tractive m ethods especially the  fraction 
soluble in N aO H  m ineralized strongly, while the  humic acids obtained

Days
56
of

112
incubation

T able 2
C /N  ra tio  in  the h u m ic  a n d  fu lv ic  ac id s

after 1,1.2 days incubation

Fraction Control soil soil +  strow

without N +  NaNO„ +  (NH,),CO,

Humic acids 19.9 12.6 11.3 10.4
Fulvic acids 9.5 8.6 8.1 9.5
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w ith Xa ,l\2< )- are more resistan t. An essential change was noticed during 
the exam ination as regards the C/'N ratios (Table 2). In  the  case of the 
control soil the fulvic acids contained m uch nitrogen and  their C/N ra tio  
did n o t change on the effect of incubation or different trea tm en ts. In  spite 
of th a t  during incubation the nitrogen conten t of humic acids increased 
significantly independently  of the  fact w hether it was tre a ted  w ith  nitrogen 
or only straw  was in troduced  into the soil.

SUM M ARY

The hum ification of straw  in troduced into the soil s ta rted  w ith intensive 
m ineralization process ju s t a f te r  it was m ixed into the soil.

The nitrogen fertilizers increased a t the same tim e as the hum ification 
and  m ineralization process. There is no essential deviation concerning the 
effect of am m onia as well as n itra te  nitrogen in the two processes.

The nitrogen fertilizers com bined into organic bond especially during 
the first 14 days of the incubation. A fter this the m ineral nitrogen could 
be detected  in the soil, firstly as N0.7. The nitrogen in the straw  has a 
d irect role in the synthesis of the different fractions of hum ic m aterials. 
The hum ic m aterials form ed newly, m ineralized intensively especially in 
the trea tm en ts w ith m ineral nitrogen. M oreover the incorporation of n itro 
gen fertilizers did no t increase the humic con ten t of soils.
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M ICROFUNGI ISOLATED FROM P IN U S  R A D I A T  A  
L E A F -L IT T E R

O. V e r o n a  and  A. R a m b e l l i

INSTITUTE OF GENERAL AND AGRICULTURAL MICROBIOLOGY 
OF THE UNIVERSITY, PISA, ITALY

D ifferent studies have already been conducted on the fungal flora accom 
panying the decay of conifer leaf-litter, particu la rly  of some pine species.

Because of in terest in Pinus radiata fungal environm ent, we have carried 
o u t — as an extension of previous researches — some investigations on 
m icrofungi inhabiting the upper (horizon A0) and  lower (horizon F) litte r 
of th is conifer. As it is known, ra d ia ta  pine is a  ‘fast growing’ species, w hich 
is of p articu la r in te rest to  the cellulose industry .

M A T E R IA L S  A N D  M E T H O D S

In  spring 1959 sam ples were rem oved from th ree d ifferent sites, i.e. :
Station №. 1 — L ocality : Passo dello Scopetone (Arezzo, T uscany) a t 

some 500 m a. s. 1. A n o t too large area covered with trees since ab o u t 
37 years. L itte r  th ick  up to  11 cm on loam tex tu re ; rocky layer occasionally 
emerging; no undergrow th.

Station №. 2 — Locality: C asalotti (Rome). E xperim ental p lot, a t  sea 
level, constitu ted  by some 1 000 trees 7 years old. Loam tex tu re , ra th e r 
clay like; 6 — 7 cm th ick  leaf-litter; no undergrow th.

Station №■ 3 — Locality: O ristano (Cagliari, Sardinia). E xperim ental 
p lo t a t  sea level constitu ted  by  some 2 000 trees 6 years old. Loam  tex tu re  
w ith  a fa ir con ten t of sand; 4 — 5 cm thick  litte r; no undergrow th.

The various samples, rem oved from  different spots of each station , were 
finely ground un til a homogeneous pow der was obtained. The sam ples 
from  each site were then  carefully m ixed together, in order to  have a sam ple 
as represen ta tive as possible of each station .

L a te r on, 1 g of each sam ple was in troduced in 1 000 ml of sterile w ater; 
then, 10 P etri dishes were inoculated w ith 0.1 ml of suspension and  incu
b a ted  for G—12 days a t  24 °C w ith Difco mycological-agar. A fter 6 and  12 
days, isolations were perform ed of all colonies present in the 10 dishes. 
The resulting num ber can so be regarded as the am ount of fungi existing 
in 1 ml of suspension of 1 g of li tte r  in 1 000 ml of w ater, i.e. 1 mg of litter.

As concerns isolations, C zapek-agar was used for Pénicillium  and  Asper
gillus, and  m ycological-agar for the o ther species.

R E S U L T S  A N D  D ISC U SSIO N

1. Isolations conducted in the sta tion  №. 1 (Passo dello Scopetone): 
Ao (upper litter); 11 strains.
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Alternaria sp. 1; Alternaria sp. 2; Rhinocladiella s p .; Fusarium  sp. 1; 
Geotrichum candidum  Link.; Cladosporium herbarum (Pers.) L ink.; Cla
dosporium sp. ; Aspergillus versicolor (Vuill.) T iraboschi; Pénicillium  
janthinellum  Biourge; sterile mycelium №. 1; sterile m ycelium  №. 2.
F  (lower litte r); 51 strains.
Mucor sp.; Trichoderma lignorum (Tode) H arz. (5 strains); Cheiromyces 
stellatum; Rhizopus sp. (6 strains); Cephalosporium acremonium Cda 
(3 strains); Cladosporium sp.; Epicoccum nigrum  L ink (2 strains); Péni
cillium chrysogenum Thom ; Pen. janthinellum  Biourge (9 strains); Pen. 
sclerotiorum van B eym a; Pen. corylophilum Dierckx (3 strains); Pen. 
cyclopium W estling (3 strains); Pen. lilacinum  Thom ; Pen. restrictum 
Gilm an e t A bbott; Pen. frequentans W estling; Pen. roseum-purpureum  
Dierckx (2 strains); not-fructify ing  mycelium  (10 strains).
A t Passo dello Scopetone th e  fungal flora appears, therefore, very  differ

en tly  d istribu ted  betw een the  upper and  lower layer of the leaf-litter. 
Common to the two layers were only some species of Cladosporium, Pen. 
janthinellum  and  n o t fructify ing mycelia, the la tte r  being particu larly  
ab u n d an t in F. This probably  proves the extrem ely  different conditions 
of m oisture, tem peratu re  and  light between the two layers.

2. Isolations conducted in the station  №. 2 (Casalotti)
A0 (upper litter); 66 strains.
Cladosporium sp. №. 1; Cladosporium sp. №. 2; Cladosporium sp. №. 3 
(2 strains); Stemphylium  sp. (5 strains); Pyrenochaeta decipiens March. 
(23 strains); Pénicillium  sp; yeast №. 1 ;yeast №. 2; not fructify ing  m y
celium №. 1, №. 2, №. 3, №. 4 (3 strains).

F  (lower litter); 261 strains.
Cladosporium sp. №. 1 (19 strains); Cladosporium sp. №. 2 (2 strains); 
Pestalotia macrotricha (3 strains); Alternaria sp. (2 strains); Pyreno
chaeta decipiens March. (57 strains); Fusarium  sp. №. 1 (3 strains); 
Fusarium  sp. №. 2 (3 strains); Rhizopus sp. (2 strains); Pen. frequentans 
W estling (4 trains); Pen. chrysogenum Thom  (4 strains); Pen. citricum 
Thom ; Pen. lilacinum Thom ; n o t fructifying mycelium №. 1, №. 2, 
№. 3 (55 strains); №. 4 (10 strains); №. 5 (14 strains); №. 6 (7 strains); 
№  7 (4 strains); №. 8 (68 strains).
The C asalotti s ta tion  resu lts proved to  be considerably richer, bo th  

q u an tita tiv e ly  and  qualitatively , th an  the preceding one. However, there 
is always the same great num erical difference between the layer A0 and F.

From  the  po int of view of the species, there exists conversely a  certain  
sim ilarity  between A0 and  F, as it is dem onstra ted  by the larger pjresence 
in the two horizons of Pyrenochaeta decipiens, different Cladosporium and 
not fructify ing mycelia, these being in g rea ter am ount in F  th an  in A0.

3. Isolations conducted in the station  №. 3 (Oristano)
A0 (upper litter); 13 strains.
Cephalosporium sp.; Pen. cyclopium W estling; n o t fructify ing mycelium 
no. 1; not fructifying mycelium  №. 2 (10 strains).

F (lower litter); 278 strains.
Cephalosporium sp. №. 1 (8 strains); Cladosporium sp. (31 strains);
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Stachybotrys atm  Cda; Hhizopus sp. (2 strains); Stemphylium  sp. (13 
s tra in s); Trichoderma lignorum (Tode ) H arz. ; Hormodendron sp. (3 strains); 
Alternaria sp.; Pen. cyclopium W estling (15 strains); Pen. frequentans 
W estling (10 strains); Pen. janthinellum  Biourge (2 strains); Pen. decum- 
bens Thom  (6 strains); Pen. fellutanum  Biourge (2 strains); Pen. ivaks- 
mannii Zaleski; Pen. corylophilum Dierckx (2 strains); Pen. chrysogenum 
Thom  (2 strains); Pen. lilacinum  Thom  (2 strains); n o t fructify ing m yce
lium №. 1 (41 strains); №. 2 (4 strains); №. 3 (2 strains); №. 4 (70 strains); 
№. 5 (17 strains); №. 6 (16 strains); №. 7 (8 strains); №. 8 (20 strains). 
F rom  the po int of view of the qu an tita tiv e  relations, th is sta tion  does 

no t differ from  sta tion  №. 2, th a t  of Casalotti. On the contrary , a g reat 
difference exists betw een the two sta tions as concerns the  ra tio  A0/F, the 
upper layer a t O ristano proving th a t  there were hardly  any species. There 
is n o t doubt, th is is due to  the peculiar characteristics of the environm ent, 
nam ely the  high tem peratu res which are som etimes a tta ined , and  the 
alm ost constan t winds, im plying conditions of arid ity  in the upper layer. 
This fact is also proved by  the  lower horizont w ith  its g rea t num ber of 
Penicillia.

F inally , as to  the species d istribution, the results cannot be taken into 
consideration, because of the small num ber of species observed in A0.

As far as we know, no research has been so fa r conducted on m icrofungi 
tak ing  p a r t  in P. radiata leaf-litter decay. The investigations concern in 
fac t the litte r of P. sylvestris L. and  P. nigra spp. laricio (Poir.) P . Corte 
in E ng land  (W ard, 1952); of P. sylvestris in H olland (Gremmen 1957); 
of P. sylvestris in E ngland  again (K endrick & Burges 1962, K endrick  1963. 
H ayes 1965); and finally of P. monficola Dougl. and  P. ponderosa Dougl. 
in K ansas (Brandsberg 1969).

In  spite of the extrem ely  different results obtained, as to  fungal flo
ra, all the au thors seem to  agree upon the differences existing between 
the  upper and  the lower layer of the coniferous leaf-litters investigated; 
fungal sim ilar differences seem also to  exist between m icrofungi of first co
lonization and  those developing la ter; discrepancies can be finally found 
in relation to  the environm ent. No considerable differences are conversely 
observed between the fungal flora of conifer litters, as also betw een conifer 
litte rs  and  those from  o ther p lants. The resu lts obtained m ostly confirm 
such conclusions. In  fact, also from  our investigations it appears th a t  the 
horizon A0 considerably differs (m ainly quan tita tively ) from  the layers 
below; differences m ay also he found betw een m icrofungi of first coloniza
tion and  those developing later, as also discrepancies occur in relation to  
the  environm ent. In  this respect, our d a ta  prove significant enough; the 
leaf-litter collected in the first s tation  (Scopetone), located on a hill a t 
500 m a. s. 1., shows in fact a  num ber and  a varie ty  of species lower th an  in 
the leaf-litters of the stations situ a ted  a t  sea level. As concerns the  horizon 
A0, discrepancies are also observed between the two stations of Oristano 
and  Casalotti, th is layer being less provided w ith species in the form er 
th an  in the la tte r  plot, owing to  the presence of a drier environm ent for 
bo th  lower precipitations and  more constan t winds.

Through the  few d a ta  collected it is certain ly  n o t possible to  establish 
w hether the fungal flora of rad ia ta  pine leaf-litter differs or n o t from  th a t 
of o ther pine species. As fa r as we can deduce from  our studies and  as far
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a
Fig. 1 /a  and  b. M icroscopical sections o f F irm s  needles

as the above-m entioned au thors have proved  for o ther pine species, we are 
inclined to  affirm th a t probably  no significant differences will be observed.

We th ink  the coniferous leaf-litter, and  particu la rly  th a t  of pine, is 
.sufficiently featu red  by microfungi (including also Spheriaceae and  Disco- 
mycetes) which qu ite  often  colonize the needles to  some ex ten t when the 
la tte r  are going to  fall and, to  a considerable ex ten t, soon a fte r they  fall
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b
to  the soil. This is proved on exam ining the needles w ith the naked  eye 
or, still better, by  m eans of microscopical sections (see Fig. 1). Perhaps 
th is aspect of the first colonization of the needle-litter, m ainly by  soil 
not-inhabiting  species, has so fa r no t been sufficiently em phasized.

I t  is needless to  point out the active role played in litte r  decomposition 
by  Basidiomycetes, m ostly  represented in culture by strains ind icated  as 
sterile or n o t fructifying mycelia. Among these higher fungi we have fre 
quently  observed Clitocybe olearia, Boletus granulatus, Boletus queleti, 
Hypholoma fasciculare, Mycena galopoda, Mucidula mucida, etc.

SUM M ARY

Investigations were carried ou t on the fungal flora of Pinus radiata leaf- 
litte r  in th ree ecologically different stations of cen tral I ta ly  and  Sardinia.

Isolations were m ade from bo th  upper and  lower layers. Few species, 
varying from station  to  station, were observed in the upper layer, while 
num erous species were found in the lower horizon. In  the  la tte r, different 
species proved to  be present in all th ree stations, thus showing th a t they  
were n o t affected by environm ental factors. These, on the contrary , seem 
to  exert th e ir action on the qu an tita tiv e  aspect only.

W hen considering the isolated species as tak in g  p a rt in litte r  decay, it 
is necessary no t to  neglect the destructive role often p layed  by the m icro
fungi already inhabiting the needles, and  which — as the present work points 
o u t — have already colonized and  in m any cases fructified bo th  outside 
and  inside the tissues.

The work was supported  by Consiglio N azionale delle R icherche, 
Centro di Studio per la Microbiologia del Suolo.
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M ICROBIAL DECOM POSITION OF ORGANIC M ATTER 
U N D E R  NATU RA L CONDITIONS

S. T surtt

FERMENTATION RESEARCH INSTITUTE, CHIBA CITY, JAPAN

The P T  section of the In tern a tio n al Biological P rogram  has very  im por
ta n t  task s  in the p rim ary  production of higher p lan ts  under n a tu ra l con
ditions. However, in this report we will be concerned w ith the decomposi
tion  and  the m etabolism  of organic m a tte r  which is known as the  secon
d ary  production.

How is the  organic m a tte r d istribu ted  under forest soils supplying the n u tr i
tional substances for m icrobial growth? The decom position of organic m a tte r  
has been studied bo th  qu an tita tiv e ly  and  qualita tively  in detail. I t  is well 
known th a t  the organic m a tte r in soils is sub jected  to  decomposition by 
m icroorganisms. How are th ey  produced and  how do they  evolve carbon 
dioxide as the final products?

The purpose of th is rep o rt is to  give an account of the secondary p roduc
tion and  the decomposition processes re la ted  to  soil m icroorganisms under 
the sub-alpine type pine forest of Твида-Abies forest in Jap an .

The following points have been exam ined: I. The properties and  the 
m etabolism  of organic m a tte r  in these forest soils. 2. The behaviour and 
ac tiv ity  of litte r  decomposing microorganisms. 3. The m icrobial ecology 
of these forest soils and  the m icrobial decomposition processes in these 
experim ents.

M A T E R IA L  A N D  M ETH O D S

Soils and  litte r  sam ples ware taken  from each point identified as w et 
podzolic soil, Pw, d ry  podzolic soil, Pd; and  hum id brown soil, Bd. These 
sam ples were collected in June and  October in 1968 respectively.

The J IB P  (In ternational Biological Program  for Jap an ) area inves
tig a ted  was classified as w et podzolic soils m ostly  covered w ith Tsuga- 
Abies. The heterogeneity  of th is area was clearly recognized as regards 
vegetation and  soils.

The soil pH  and  m oisture con ten t were m easured w ith B eckm an pl I m eter 
Model GS and  the ignition m ethod. For to ta l carbon and to ta l nitrogen analysis 
the sulphuric acid digestion m ethod and  the m icro-K jeldahl m ethod were used. 
The organic m a tte r  was estim ated  w ith  the proxim ate m ethod modified 
by W aksm an’s.

The carbon dioxide was m easured w ith the trapp ing  bo ttle  m ethod. 
The m icrobial counting and  tests  were carried out on bac teria  and  m oulds 
w ith  generally used techniques (Table 1).
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RESULTS AND DISCUSSIONS

The J IB P -a re a  is s itu a ted  a t 1,760 m high (above sea level) in cen tral 
Jap a n . The soils here originate from  andesites. The vegetation is cover
ed w ith Tsuga-Abies forest and  partia lly  Betula. Podzolization pro
ceeded in this a rea  under such conditions. Soil surveys were carried out 
according to  th ree  poin ts in the following m arkings, Pw, P d  and  Bd (Table 2).

Pw: ivet podzolic soil

The Al layer is no t clear, B, layer (below) consisted of tuff, and  В layer 
(above) was covered w ith  volcanic ashes. E ach  of E, F H  and  H  layers 
over A 0 layer was thick, especially H  layer had 10 cm thickness. This is 
identical w ith  hum id soil character. The A2 layer revealed the leached zone. I t  
was of a greyish colour, and  had  m any cracks. D epending on the high conten t 
of hum us, the organic m atte rs  become leached, th en  the Bh layer humified. 
The В, layer had a com pact pan  s truc tu re . This s tru c tu re  dem onstra ted  
th a t  the wall s tru c tu re  depended on the  high m oisture con ten t (Fig. 1).

Pd: dry podzolic soil

These types of soils are found on dried  and  well drained points. There 
a re  m any gravels m ixed up w ith  p lan t roots. I t  is very  difficult to  recognize 
th e  individual horizons owing to  their less sharp boundaries. I t  is charac

terized  in the H layer. 
This soil has the crum b 
stru c tu re  according to  
the  well d rained s ta te  
(Fig. 2).

Bd: humid brown forest 
soil

This type of soil is 
different from  t he above 
m entioned soils, Pw  and  
Pd. This was classified 
as the  brown forest soil, 
b u t it has a clear iron 
leached zone in the В lay 
er. Therefore it is consid
ered  th a t some degree 
of podzolization had 
occurred. C om pared with 
bo th  Pw and  P d  soils, 
the  A layer of B d soil 
was clearly recognized, 
b u t the th ick  hum us 
accum ulated , and  had  a 
high m oisture con ten t 
(Fig. 3).

Fig. 1. D is tr ib u tio n  p a tte rn  o f  m icrobes a t  th e  p o in t 
o f D 5 profile (Pw )

Horizon 
1 -
2-
3 -

6)

6 number

fungi
in July

bacteria
fungi

bacteria
in October
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Fig. 2. D is trib u tio n  p a tte rn  
o f  m icrobes a t  th e  p o in t o f 

F 4 profile (Pd)

pH  and moisture content

It is considered th a t 
the low p H  indicated  
th a t  these soils have pod- 
solized. The p H  of Bd was 
the same as on Pw and  Pd  
soils. M oreover th is B d 
soil had  been affected by 
podzolization in the past.

From  these observa
tions one can conclude 
th a t  the  leaching of c a t
ions and  the form ation 
of hum us have taken  
place. Comparing each 
layer, the pH  values 
ind icated  a m inim um  at 
H  and A layers respec
tively  and  then  increase 
th e ir values a little . It 
could be said th a t  in these 
layers, the degradation 
has proceeded more ra p 
idly and  afterw ards the 
acid hum us formed on 
these layers.

The m oisture conten t 
in Pw fresh soils, espec
ially a t  A 0 layer showed 
over 80% , in P d  ra th e r 
higher conten t. However, 
bo th  Pw and P d  have 
been characteristically  
recognized bv means of 
m oisture contents.

Total carbon and nitrogen 
and CjN ratio (Fig. 4)

The C/N ra tio  showed 
the m axim um  a t A0 layer. 
I t  is deduced to  the  vol
um e of organic m atte r

Fig. 3. D is tribu tion  p a tte rn  
o f m icrobes a t  th e  p o in t o f 

E s profile (Bd)
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Horizon 
1 - 1—

1 2 3 4 5 6 number supplied by litters. The
pine litte r itself is difficult 
to  decompose or resistan t 
to  decomposition under 
these conditions. The C/N 
ratio  has a ra th e r high value 
a t A and  В layers generally. 
This tren d  is a common 
characteristic under the for
est zones, and  some parts  
depend upon the leaching 
or the  decom position of 
organic m a tte r and  hum us.

Com paring Pw  and  P d  
on the to ta l carbon and 
to ta l nitrogen, P d  soils have 
shown a g rea t decomposi
tion ra te . This tren d  was 
also certified bv the carbon 
dioxide evolution (Table 4).

Microbial decomposition 'o f  
organic matter

The Br2S()4-insoluble frac
tion rem ained  as the m ost 
re s is tan t p a r t  followed by 
the HC1 fractions. The 
H 2S 0 4-soluble, hot-w ater- 
soluble and  alcohol-benzene- 

soluble fractions had  the same values (Table 3).
I t  could be said th a t  the H 2S 0 4-insoluble fraction was the most stable 

or res is tan t to  m icrobial decomposition. I t  is recognized th a t  in each 
layer some unequal decom position has occurred, and  the upper layers 
are affected by  m icrobial activities m ostly by Pénicillium  and  Bacillus 
during the spring-sum m er-fall seasons.

I t  can be concluded th a t  the  decomposition processes a t  the A 0 layer 
showed the different d istribu tion  of organic m atte rs  for each sam ple. N ot 
enough experim ents have been done on the decom position and  d istribution 
under n a tu ra l conditions, because th is area has such heterogeneous charac
teristics in organic m a tte r  and  the m icrobial activities have been lim ited 
by environm ental factors.

• ---- «fungi

F ig . 4. R e la t io n s h ip  b e tw e e n  w a te r  c o n te n t ,  
t o ta l  N  a n d  C

SUM M ARY

This rep o rt deals w ith  the following points: 1. The n a tu re  of soil organic 
m a tte r  and  its m etabolism . 2. B ehaviour and  ac tiv ity  of m icroorganisms 
under the subalpine type pine forest. 3. The decom position processes in 
forest soil.
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T able 1
M edia  used for the experiment

M eat Peptone Agar A lb u m in  A gar
M eat E x tra c t 10g M gSO, • 7 H 20 0.2 g
P ep tone 10g FeSO , • 7 H 20 0.01 g
Glucose •'»g Egg A lbum in 0.25 g
A gar 20 g A gar 15 g
p H  =  6.8 p H  =  6 .8

M alt Glucose Yeast Agar Thioglycollate Agar
Glucose 10 g M eat E x tra c t 10 g
Y east E x tra c t 10 g P ep tone 1 0 g
M alt E x tra c t 1 0 g N a-th ioglycollate 2.5 g
A gar 20 g A gar 15 g
p H  =  6.8 p H  =  6.8

Pose Bengal Agar Eggins-Pugh Agar
Glucose 1 0 g (NH4)2so 4 0.5 g
X a X 0 3 l g L -A sparagine 0.5 g
k 2h p o 4 ' g k h , p o 4 1.0 g
A gar 15 g KC1 0.5 g
Rose B engal 1/15000 M g S O ,• 7 H 20 0.2 g
P o ta to  E x tra c t 1000 ml CaCU 0.1 g
p H  =  5.0 Y east E x trac t 0.5 g

A lbum in  Agar Cellulose 10 g

Glucose 1 g
p H  =  6.2

K 2H P O , 0.5 g

Sam pling was done in the J IB P -a re a  a t Shiga-yam a H eights. Samples 
were collected from  th ree types of soils which were identified as 1) wet 
podzolic soil, Pw ; 2) dry  podzolic soil, P d ; and  3) hum id brown forest soil, 
Bd respectivelly.

These sam ples were tak en  from  different layers in Ju n e  and  October 
1968. S trong acidity  was p redom inan t in all sam ples a t abou t 4.0 pH . I t  
is recognized th a t  the  form ation of hum us and  the  leaching of cations p ro 
ceed in the upper layers of the soil. A lot of heterogeneous characteristics 
in m ountainous forest area  as regards geography, soils and  vegetation 
have been found.

The carbon-nitrogen ra tio  ind icated  abou t 30 in all sam ples except wet 
podzolic soil which showed over 40. I t  is suggested th a t  the accum ulation 
processes proceeded ra jnd lv  com pared w ith  th e  decomposition processes 
under Tsuga-Abies forest. This poin ts to  the influence of environm ental 
heterogeneity  on the  d istribu tion  of m icroorganism s in th is area.

The litter decomposing microorganisms were predominant in the fall 
season in September. However, the carbon dioxide evolved remarkably 
after snow thawing in May. I t has been said that the distribution of micro
organisms in each layer was quite constant in each season under these 
conditions. This phenomenon demonstrates the tight relationship between



T a b le  2
General characteristics of soil samples

Soil type Horizon Depth, cm Texture Moisture, % pH(H20) c% x„ C/-V

Pw F 0 - 5 8 0 .6 3 .7 34 .3 1 .40 3 8 .8

FH 5 — 11 8 1 .7 3 .7 5 3 .3 1 .90 2 8 .8

H 1 1 - 22 LC 8 0 .4 3 .5 3 9 .4 1 .65 23 .9

A 2 2 2 _ 29 LC 5 4 .2 3 .9 14.1 0 .6 7 21 .0

Bh 2 9 - 33 LC 0 0 .6 4.1 1 2 .5 0 .4 9 2 5 .6

Bi 3 3 - 36 LC 5 0 .0 4 .5 5 .2 0 .1 9 27.1

C 3 6 - 52 SC 4 5 .3 4 .6 2 .6 0 .1 3 20.1

P d F 0  — 3 74 .8 3 .8 51 .1 1.71 2 9 .9

M FH 3 - 8 6 9 .9 3 .5 39 .7 1 .48 2 6 .9

A 8 - 15 CL 54 .2 4.1 15.2 0 .5 6 27.1

Bi 1 5 - 23 CL 4 9 .9 4 .6 12.8 0.71 18.0

В 23 - 38 SL 2 6 .2 4 .8 3 .3 0 .1 4 2 3 .6

Bd L 2 9 .2 4 .3 53 .1 1.82 2 9 .2

F 0 - 3 68 .2 3 .9 3 8 .4 1 .53 2 5 .2

H 3 - 9 CL 63 .1 3 .8 25 .7 1 .0 5 24 .4

A 9 - 15 CL 5 9 .2 4 .2 13.7 0 .5 3 2 5 .8

B, 1 5 - 23 CL 5 6 .5 4 .5 12 .0 0 .4 0 30 .0

B 2 2 3 - 38 CL 5 6 .9 4 .8 8 .5 0 .3 2 2 6 .0

T a b le  II
Proximate analysis of organic matter in  .1 0 and  .1 , layers

Soil type Horizon
Alcohol-benzene 

extract 
Lipid, Resin

Hot water 
extract organic 
matter, Sugars

2% HC1 extract, 
Hemicellulose

72°,, H ,S 04 
extract, Cellulose

Residue,
Lignin

P w F 5.1 5.4 8.3 4.8 45.3
F H 5.2 5.5 8.4 7.0 45.4
H 1.9 3.9 4.8 1.2 22.3
A 2 1.3 1.6 i . i 0.6 6.9

P d F 6.7 6.0 11.0 5.9 43.3
M FH 5.0 4.7 8.8 4.6 40.4
A 4.1 2.1 2.2 1.0 17.8

B d L 5.7 7.3 13.6 13.3 46.2
F 3.8 4.6 10.0 4.3 37.6
H 2.0 2.4 4.7 1.3 12.2

A 0.6 0.8 2.1 0.2 7.2
%  dried  soil

space and  tim e to  m icrobial d istribution. The presence of stable d istribu tion  
p a tte rn s  of microorganisms through each season in the Tsuga-Abies forest 
soils could thus be concluded.
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T ab le  4
Evolution of CO.,— C mg from various soils in  JIB P -area

Soil type Horizon Moisture, % Carbon, % mg/dry soil C% wet soil C % dry soil C %/ mon

Pw F 75.7 51.7 9.0 37.2 72.0 2 .9

FH 79.6 51.0 3.3 16.3 32.0 1.0
H 74.1 32.5 0.8 3.0 9.2 0.3
A 61.0 15.7 0.2 0.2 3.9 0.1

P d F 33.4 52.7 8.7 13.0 24.7 0.7
M FH 71.5 47.4 4.3 15.1 31.9 1.0
A 65.9 20.9 2.1 6.0 28.9 0.9

Bel F 76.5 44.2 4.4 18.8 42.5 1.3
H 68.6 27.S 1.3 4.1 14.6 0.4
A 54.0 12.3 0.3 0 .7 5.9 0.2
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HUMIFICATION AND MINERALIZATION OF PLANT 
REMAINS AS STEPS OF ECOSYSTEM REGULATION 

IN NADI SOILS OF SOUTHERN CHILE

N. K l e n n e r  i j e  M e i x n e r  and R. S c h a e f e r

DEPARTMENT OF AGKOLOGY, DICORA, SAG. SANTIAGO, CHILE,
FACULTY OF SCIENCES, ORSAY UNIVERSITY, PARIS, FRANCE

In  Chile, the oceanic clim ate of the southern  central zone allows the 
biological ac tiv ity  to  ex tend  over alm ost the whole of the year. The dom i
n an t elem ents of the clim atic tem perate  rainforest biocenosis are of a  hvgro- 
phy tic  and  m esotherm ic type (di Castri 1964).

In  fact, th e  forests on hydrom orphic soils derived from  volcanic ash 
(hadis) are p a r t  of a subactual ecosystem  w ith exceptionally efficient 
regulation. T hey belong to  a Nothofngo-Eucryphion w ith endem ic sub trop i
cal com ponents, in addition to  an tarc tic  species which are relicts from  the 
las t glaciation.

The survival of th is laurel-leaved evergreen “V aldivian fo rest” is not 
only due to  high relative hum idity  and  absence of frost, b u t also to  its 
tolerance to  occasional sum m er drought and  to  the perpetuation  of a  p a r 
ticu lar m icroclim ate which m aintains this form ation in an environm ent 
having undergone considerable change.

The regional clim ate is characterized by a mean tem peratu re  of 10°C 
(6.5°—14.8°C), a relative hum idity  of 82%  (76 — 87), a rainfall around 
1700 mm. d istribu ted  as follows: 30%  in au tum n, 35%  in w inter, 20%  in 
spring, 15%  in summer.

The presence of allophane, am orphous clay derived from  volcanic glass, 
com m ands the m etabolic ac tiv ity  of nadi soils. The positive charges of 
this clay are responsible for the very  active adsorption of organic anions, 
as fulvic acids. Hum ification is proceeding norm ally b u t m ineralization is 
thus slowed down; considerable accum ulation of organic m a tte r takes 
place (4). Fulvic acids are involved in a feed-back regulation mechanism  
of the  nadi ecosystem  (2); th ey  are key m etabolites bo th  as concerning 
energy-flow and  com plexing of high am ounts of alum inium  (3).

I t was essential to explore the patterns of humification, as proceeding 
under controlled conditions of incubation, of dead leaves collected from 
the most representative species of the climatic woodland of nadis.

M A T E R IA L  A N D  M ETH O D S

We present in this paper part of the results concerning the three evergreen 
species which are dominant in the biomass of the Valdivian temperate 
rain forest:

“Coigue” : Nothofagus dombeyi (Mirb.) BL: Fagaceae 
‘ Racial” : Lomatia hirsuta (Lam.) Diels: P roteaceae
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“Canelo” : Drymis winteri Forest, var. chilensis (D.C.) A. Gray: W intera- 
ceae (M agnoliales).

Fallen leaves were collected on nylon nets m onthly  over a yearly  cycle, 
dried, pooled and  milled to  500 /л. 5 g were incubated  50 days a t  28°C 
in 500 ml Erlenm eyer flasks a t  field capacity  (20 ml), plugged w ith  co tton , 
in order to  provide optim al aerobic conditions. Anaerobiosis was achieved 
at sa tu ra tion  (30 ml) under N 2-atm osphere. E very  10 days one flask was 
analyzed as follows:

a) aqueous ex trac t (1): repea ted  ex traction  w ith port ions of a to ta l 
of 50 ml of w ater a t 20 °C.

b) Soxhlet ex trac t w ith ether.
r) Aqueous ex trac t (2): as under (a).
d) Lignocellulose: residue trea ted  w ith H 2S 0 4 5%  for 3 h a t 100°, 

centrifuged, washed.
e) H em icellulose: reducing power of solution from  (d).
f )  L ignin: residue trea ted  w ith H 2S 0 4 72%  for 4 h a t  0°C, then  d ilu ted  

to  23 vol. w ith w ater and  hea ted  3 h at 100°C. Centrifuged, washed.
<j) Cellulose: reducing power of solution from  (f).
h) Ash: lignocellulose and  cellulose.
In  a second series we ex trac ted  every  10 days, obtaining an aqueous 

ex tract 1), as in the first series. The m aterial was then  re incubated, re inocu
la ted  w ith  1 ml of soil suspension 10-3 .

In  bo th  series the C 0 2-evolution was m easured on the second day, then  
every  10 days, ex tracting  the C 0 2 under depression and  receiving B a(()H )2.

Reducing power was m easured according to  H agedorn—Jensen: red u c
tion of ferricyanide, titra tio n  w ith  0.02 N th iosulphate.

R E S U L T S

I t m ay be seen th a t the th ree species differ largely as regards composi
tion (Tables 1 — 2): Not ho fag us is very  high in soluble m atter, w ith  high 
reducing power, high fulvic acid conten t and  very low pH  of the ex trac t, 
low in lignin. Lomatia, on the contrary , is very  high in lignin and  lower 
in all o ther fractions. Drymis is low in soluble m a tte r and  reducing power.

'Fable 1
In itia l material (100 g ): distribution of fractions

Species
H 20

extract
1

Ether
extract

h 2o
extract Hemi

cellulose Cellulose Ash
cellulose Lignin Ash

Lignin Total ash

Nothofagus : 1 6 .5 5 6 .01 6 .0 9 3 5 .4 7 14.81 0 .0 7 20 .81 0 .1 9 4 .3 3

Lomatia 13 .46 5 .3 2 2 .49 23 .51 11 .15 0 .0 4 43.81 0 .2 2 3 .74

Drymis 7 .4 8 5 .0 6 2.41 3 3 .6 6 13 .96 0 .0 6 37 .0 7 0 .3 0 4 .2 3

From  the reincubation experim ent, which indicates the po ten tia l release 
of soluble m atter, reducing power, fulvic and  hum ic acid fraction as con
tro lled  by aerobic or anaerobic conditions during 60 days of incubation, 
it m ay be concluded (Table 3) th a t  Nothofagus again s tan d s far above
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In itia l material (100 g ): reducing power of water extracts 
and of hemicellulose fraction, and pH  of water extract

T able 2

Species

Reducing power pH

Aqueous extract Fulvic
acid

1

H tunic 
acid 

1

Aqueous extract

1 2 Hemicellulose
2

N othofagus 4347 1884 3501 523 8918 4.1 4.6
L om atia 2369 596 2208 120 5343 5.4 5.1
D rym is 1520 554 1400 80 9144 5.4 5.4

T able II
Cumulative loss of soluble matter and reducing power, per 100 g 

of dry material incubated (28°C) and extracted every 10 days with water

Under aerobiosis | Under anaerobiosis

Species incuba
tion H 20

extract pH
Reducing pow ЭГ H ,0

extract
Reducing power

Total Fulvic ! 
acid

Humic
acid

Jill
I Total Fulvic

acid
Humic
acid

N othofagus 10 16.6 4.0 4370 3812 493 17.4 4.1 ; 4832 4077 566
60 26.4 4.7 6227 5283 827 26.1 4.3 1 6581 5567 735

Lom atia 10 9.0 4.7 723 603 90 10.5 4.4 773 667 70
60 12.8 5.8 1482 1135 231 16.5 4.8 1643 1264 275

D rym is 10 8.4 6.5 845 650 97 0.2 5.5 1170 930 120
60 13.5 o n 1723 1281 312 14.8 5.7 2054 1591 284

the  o ther two species. I t  is interesting to  note a tem porary  low, a fte r 10 
days in the fulvic acid fraction from  Lomatia and  Drymis. Anaerobic 
conditions lead, in general, to  increased values; organic acids, am ong other 
m etabolites, accum ulate and  m ain tain  a  low pH .

Soluble m a tte r of Nothofagus is ab u n d an t and  corresponds to  a High 
value of reducing power which m oreover increased constantly . The results 
concerning the two o ther species are m uch lower and  com parable, w ith 
the exception of pH : Drymis reaches a higher final value.

As regards the  permanent incubation experim ent: Nothofagus once more 
predom inates. Soluble m a tte r  accum ulated  under anaerobiosis in all cases 
(Table 4), as com pared w ith  aerobiosis, the pH  being low. The pH of the 
ex trac ts  increases in the order Nothofagus — Lomatia — Drymis and  gener
ally during incubations; it is lower in the anaerobic ex trac ts  and  alm ost 
always higher in the second aqueous ex trac t when lipids are removed. 
This indicates a chemical difference between the tw o ex tracts. T otal reduc
ing power, fulvic and hum ic fraction and  soluble ex trac t decreased during 
the experim ent in a  general sense. B u t the ra te  of change varied  greatly , 
flushes of liberation and of degradation occurred during the course of the 
incubation.

W ith  exception of Drymis, the reducing power of the w ater ex trac t fol
lowing rem oving of fa ts and  waxes increased both  in aerobiosis and  an aero 
biosis, as tim e of incubation was progressing; y e t this was no t the case 
w ith the weight of ex trac ted  soluble m a tte r (Table 5).
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L evel of soluble m atter, in  %  of d ry  in it ia l  m a te ria l , 
d u r in g  in cu b a tio n  a t 28°C  (6 0  d a y s )

T ab le  4

Under aerobiosis Under anaerobiosis

Species
Days of 
incuba

tion
H 20

extract
1

pH Ether
extract

H 20
extract pH Total

H ,0
extract

1
pH

Ether
extract

H 20
extract

2
pH Total

Nolho- 10 17 .0 4 .0 5.8 3 .9 4 .5 2 6 .7 16.7 4.1 5 .8 3 .4 4 .6 2 5 .9

fagus 20 13 .5 3 .5 7 .0 3 .7 4.1 24 .2 16.8 3 .4 7 .6 2 .8 4 .2 2 7 .2

00 10 .3 4 .2 6 .6 3.1 5 .3 2 0 .0 19.6 4 .0 5 .8 3.7 4 .3 29.1

Lorn a- 10 0 .3 4 .8 4 .8 2.6 5.1 16.7 11.2 4 .4 4 .9 2 .4 4 .5 18.5
tia 20 5 .6 5 .5 4 .7 2 .9 5 .0 13 .2 1 1.4 4 .5 4.7 2 .8 4 .6 18 .9

60 4 .3 5 .8 4 .4 2.1 5 .4 10 .8 9 .4 4.S 5 .0 2 .9 5.1 17 .3

Dry- 10 7.7 6 .2 4 .5 1.8 5 .5 14 .0 9 .6 5 .2 4 .6 2 .3 5 .2 16 .5

mis 20 4 .4 6 .6 5 .8 2 .2 5 .8 12.4 6 .6 5 .0 5 .2 1.6 5 .2 13.4

60 4 .6 6.7 6 .0 0 .9 0 .6 11 .5 -). 1 5 .4 4 .8 1.5 5.7 12.0

T able 5
R ed u c in g  pow er of soluble m a tter extracted from  100 g o f d ry  m a teria l 

incubated  d u r in g  60 d a y s  at 28°G in  m l o f 0 .02 X  th iosu lpha te

Species
Days of 
incuba

tion

Under aerobiosis, aqueous extract Urn lei anaerobiosis, aqueous extract

1 2 Total Fulvic 
acid 1

Humic 
acid 1 1 2 Total Fulvic 

acid 1
Humic 

acid 1

Notho- 10 4 7 2 3 381 5 1 0 4 4231 49 3 531 3 41 3 5726 4 8 3 0 48 3

fagus 20 1663 5 30 219 3 1452 121 1974 373 2347 1692 246
60 1824 1178 300 2 1600 226 2717 1193 3 9 1 0 2 3 5 8 246

Lomatia 10 723 45 8 1181 602 60 878 101 979 702 101
20 45 2 167 619 422 30 4 2 0 134 5 54 35 0 70

60 588 4 56 1044 49 5 45 1344 471 1815 1170 30

Dry mis 10 755 5 55 1310 66 4 60 1208 673 1881 1026 120
20 9 30 389 1319 739 151 1232 29 4 1526 1161 105
60 652 178 83 0 48 3 181 788 22 9 1017 633 70

The fraction corresponding to  the e th er ex trac t did no t v ary  greatly , 
it  was no t affected by the presence or absence of 0 2, nor by  acidity.

The CO ̂ evolu tion  in presence of 0 2 is parallel to  the  ra te  of release of 
soluble m a tte r  and  reducing power. Nothofagus, and  in a lower m easure, 
Lomatia rem ains are subjected  to  m ineralizing processes which are very  
active during the first stage of the incubation. The ra te  of m ineralization 
reached a fte r 60 days is quite high for all three species (Table 6).

The values ob tained  when the sam ples are re incubated  are som ewhat 
lower, b u t follow the same trend . I t  is seen clearly th a t the level of resp i
ra tion  depends on the continual release of energetic m aterial from  the 
substrate .

U nder N 2-atm osphere, C 0 2-evolution is low, though an ephem eral flush 
during the first ten  days takes place w ith  Nothofagus and  Lomatia. There
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T ab le  6
C um ulative CO ̂ -evolution, during 60 days at 28°C

Species
Aerobiotic Aer., reincub. Anaerobiotic Anaer., reincub.

g0% OM Km gC% OM Rm gC%  OM Rm gC% OM Rm

N  othofagus 1 .8 1 9 3 .1 3 1.418 2 .4 4 0 .4 0 8 0 .7 0 0 .4 6 9 0 .8 1
L  omatia 1.4(14 2 .5 2 1 .0 4 7 1 .80 0 .3 8 7 0 .6 7 0 .3 2 7 0 .5 6

Drymis 1.224 2.1 1 0.81)7 1.49 0 .2 9 1 0 .5 0 0.371 0 .6 4

R m =  ra te  o f  m inera liza tion  o f organic  m a te ria l (OM).

is little  difference between values obtained under perm anent incubation 
and  reincubation, the la tte r  being som ewhat higher in the case of Notho- 
fagus and  Drymis. This proves th a t the accum ulated  soluble m ateria l is 
n o t only little  m ineralized b u t exerts some inhibition.

In  general, the ra te  of m ineralization reached a fte r 60 days under perm a
n en t aerobiotic incubation is reduced to  abou t 1/3 of th is value under 
reincubation, whereas under anaerobic conditions it  is ra th e r higher.

W ithin  each group of relations, the differences due to  species are less 
th an  those due to  influence of type of m etabolism  or tre a tm e n t (Table 7).

T able 7
Relation of activity  ( respiration) according to mode of incubation  

(A e  =  aerobic, A n  =  anaerobic, R  =  reincubated)

Species Ae/An Аев/Апк Ae/AeB An/An r

N  othofagus 4 .4 6 3 .0 2 1.28 0 .8 8
L omatia 3 .7 8 3 .2 0 1 .40 1.18
Drymis 4 .2 0 2 .3 4 1.41 0 .7 8

D ISC U SSIO N

The process of hum ification in the litter, as a subsystem  in which the 
sorptive properties of allophane are no t y e t intervening, is considered as 
a  step  of energy-flow in the ecosystem  and  as a link between epigean biomass 
and  soil subsystem . In  th is sense the water-soluble m atter, as representing 
the inpu t through lixiviation offallen , decomposing leaves, has been studied 
in  detail. The considerable change which takes place in the composition 
of this aqueous ex trac t (dry weight, pH , reducing power) under controlled 
conditions of incubation, indicates the possible p a tte rn s  of change in 
natu re .

Permanent incubation, under constant, optim al conditions of tem p era
tu re  and  aeration, or anaerobiosis, represents a relatively closed system  as 
functioning during periods where rainfall does no t lead to  percolation. 
M etabolites accum ulated under absence of 0 2 exert their lim iting effect, 
bu t also under aerobiotic conditions some released substra tes m ay lower 
the activ ity  of degradation. Thus, a po ten tia l ac tiv ity  in relation to  to ta l 
substra te , including the complex, dynam ical in teraction between microbes 
and  released m etabolites is evaluated.
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Successive reincubation yields insight in to  the ac tua l ac tiv ity  in the 
field when m ateria l is percolated  by ra in  or sa tu ra ted  w ith  w ater. The am ount 
of energy coming from  the  rem ains per un it weight and  tim e, is evaluated  
along the course of degradation.

This procedure also allows for establishing a po ten tia l ac tiv ity , in vitro, 
per period of incubation, in relation to  the to ta l possible release of w ater- 
soluble m atte r from  accum ulated rem ains.

The ac tiva ting  or inh ib itory  effect exerted  by the accum ulated m etabo
lites is reduced, being elim inated periodically. R eincubations in a range of 
tim e allow for ex trapo lating  a zero tim e, a t which takes place a constan t 
flow of energy from  the p lan t rem ains, re la ted  to  the flow th rough  th is 
relatively  open system , w ith  less or w ithou t in terference from  accum ulated 
m etabolites.

CO »-evolution is generally lower in reincubation under aerobiosis, as com 
p ared  w ith perm anen t incubating because some energetical substra tes are 
rem oved before being degraded, b u t m uch more C 0 2 is released th an  p ré
visible if  the available carbon would be released a t once, i.e. come from  the 
ex trac t. Evidence is given th a t  energy is constantly  released even a fte r 
prolonged incubation: a steep slope corresponding to  the m ineralization 
of accum ulated  soluble m aterial precedes a  fla ttened  p a r t of the  curve, 
equivalen t to  the phase of degradation of m aterial progressively released 
from  the p lan t rem ains. This p a tte rn  characterizes individually  the species 
we examined.

In  some cases, C 0 2-release is higher in re incubation th an  under perm a
nen t incubation, due to  the periodical elim ination of inhib itory  m etabolites, 
m ain ly  organic acids as occurring w ith Nothofagus and Drymis under 
anaerobiosis.

C O N C LU SIO N S

In  dead leaves which had  accum ulated under n a tu ra l conditions up to  
periods of one m onth, b u t which had  not vet come into contact w ith soil, 
hum ification is already  under way. The hum ic acid fraction  is still low as 
com pared w ith  fulvic acids.

U nder labora to ry  conditions of constan t tem p era tu re  (28°C) and  hum idity  
(field capacity  or satu ration), p a r t of the acid soluble fraction  is m etabolized 
during the first stage of the incubation, giving rise to  a strong 002-evolu
tion, bo th  under aerobiosis and  anaerobiosis.

Com parison of perm anen t incubation w ith  successive reincubation  shows 
th a t  the accum ulated  m etabolites lower very  m arkedly the ra te  of m etab 
olism under anaerobiosis, no t only due to  low pH .

I t  is in teresting  to  no te th a t the reducing power of m a tte r ex tractab le  
w ith  w ater a f te r  ex traction  of lipids is quite high in Lomatia and  Drymis 
leaves, as com pared w ith  the first aqueous ex trac t. I t  appears th a t  per 
u n it d ry  weight of ex trac t, more reducing power is ob tained  w ith  the second : 
th is holds particu larly  for Nothofagus where the reducing power of the 
second ex tra c t increases suddenly during the course of incubation. U nder 
n a tu ra l conditions th is occluded m a tte r seems to  constitu te  a  stock whose 
availab ility  is delayed because physical accessibility is restric ted  by waxes 
and  essential oils which are degraded very  slowly.
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The p a tte rn  of m etabolism  of Nothofagus dombeyi leaves is notew orthy: 
the  high content of soluble energetical m atte r, its strong acidity, the high 
reducing power of ex trac ts  of dead  leaves which are falling continuously 
during the cycle of seasons, are linked w ith  the key role played by the 
acid-soluble fraction of hum ified m atte r of th is species in th e  nadi ecosys
tem . M oreover it is clearly seen how the initial chemical com position of 
p lan t rem ains projects onto fu rth e r steps of metabolism .

Hum ification proceeds according to  species, a f te r  an in itial flush of m in
eralization as ind icated  by CO2-evolution. Thus, the th ree dom inant species 
in nadi vegeta tion  (Nothofagus dombeyi, Lomatia hirsuta, Drymis winteri) 
w ith  an estim ated  production of d ry  leaves of resp. 2.0—1.3 — 2.1 T /ha/year 
yield a m aterial which, in absence of the allophane complex, humifies and  
mineralizes well.

The energy-flow in nadi ecosystem  is slowed down by  the  adsorption 
of humified organic m a tte r  and  form ation of complexes w ith  the m ineral 
colloid.

SUM M ARY

N adis are hydrom orphic soils derived from  volcanic ash in the  alluvial 
plains of southern  Chile; they  m ay ten ta tiv e ly  be classified as aerie anda- 
quepts (duric). Though a high level of phreatic  w ater sa tu ra te s  them  during 
a  large period in w in ter and  despite of their high acidity , th e ir po ten tia l 
biological ac tiv ity  is quite rem arkable. The n a tu ra l vegeta tion  is a clim atic 
virgin w oodland of high biomass and  low production; it is characterized 
by an association of relic tual subtropical and  an tarc tic  species, m ainly 
evergreen, and  by  a m arked stratification of the forest canopy.

U nder n a tu ra l conditions the p lan t rem ains are hum ified w ithou t delay 
and  com pletely, b u t m ineralization is im peded, which leads to  accum ulation 
of hum ified organic m a tte r  in the form  of complexes w ith  alum inium  and  
strongly adsorbed by the  allophane, the anionic exchange capacity  of the 
m ineral colloid being thus m ain tained  near satu ration .

F acto ria l analysis under laboratory  conditions have shown th a t th e  slow
ness of the process of m ineralization is no t due to  deficiency of the re levan t 
physiological groups of microbes, b u t perta ins to  a most efficient m echanism  
of ecosystem  regulation.

Hum ification and  m ineralization govern, by  the way of feed-back m echa
nisms, the  en tropy  level of the system . In  order to  yield insight into energy 
flow within the nadi ecosystem  we com pared the  course of experim ental 
organic m a tte r m etabolism , under controlled conditions of incubation 
bo th  aerobiotic and  anaerobiotic, of lead leaves and  root system , alone or 
m ixed w ith  organic topsoil or m ineral subsoil (allophane) of some of the 
more represen ta tive species of the Nadi.

C 0 2-evolution was chosen as a  m easure of global activ ity  of the m icro
flora, fulvic an d  hum ic acids were characterized by  th e ir reducing power 
and  to ta l analysis of the p lan t rem ains showed periodically the  changes 
accom panying the synthesis of hum us.

R E F E R E N C E S
d i C astri, F . (1964): Bol. Prod. A n im .  (Chile), 2, 2, 173.
Schaefer, R ., U rb in a , A. a n d  San M artin , E. (1969): Turria lba  (C osta-R ica), B 6 , 1 
S ilva, A. an d  Schaefer, R . (1970): Turria lba  (C osta-R ica), (in p r in t) .
U rb in a , A., San M artin , E. an d  Schaefer, It. (1969): Agric. Técnica 29, 4, 145.

S* 115





Syrnp . B iol. H ung. 11, p p . 1 1 7 -1 2 0  (1072 )

AM M ONIFICATION OF A LFA LFA  R E SID U E S IN  
FLO O D ED  AND M ODERATELY W E T T E D  SOILS

A. N. I l y a l e t d in o v , Sh . Z. M a m il o v  a n d  A. A d ie v

INSTITUTE OF MICROBIOLOGY AND VIROLOGY OF THE KAZAKH ACADEMY OF SCIENCES,
ALMA-ATA, USSR

In  the irrigated  soils of C entral Asia and K azakhstan , alfalfa roo t residues 
are known to  be the  m ain source of organic m atter. H ere cotton, sugar 
beet, rice and  other crops are cultivated . W hen the technical cultures are 
grown the soil periodically is w etted  by irrigation a t the tim e when the 
rice soils are under w ater for 3 — 4 m onths.

Therefore, we considered it would be in teresting  to  s tudy  the m icrobio
logical decomposition of alfalfa root residues in flooded and  in m oderately 
w et soils. K ovalev (1938) studying  the effect of different conditions of irri
gation: insufficient — 25% , optim al — 60%  and  surplus — 100% established 
th a t  in the process of alfalfa decom position in sierozem the decreasing of 
nitrogenous and  carbonic com ponents of p lan t residues occur a t an u n 
equal ra te . More nitrogen in residues is re ta ined  under less m oisture, b u t 
under surplus w etting nitrogen is released quickly in the form  of am m onia.

In  our com parative investigations the ra te  of deam ination of p lan t p ro 
teins in flooded and  m oderately irrigated  soils (45 per cent of the to ta l 
m oisture) 250 mg finely cut alfalfa roots were placed into the soil in poly
ethylene bags. Then periodically (in 10, 15, 30, 45 days) the am ount of 
the nitrogen form ed in decaying organic m atte r was determ ined. In  analo
gous redox conditions, b u t under evenly d is trib u ted  roots in all the soil 
mass we studied the con ten t of am m onium  nitrogen, which was determ ined 
colorim etrically w ith N essler’s reagent. The alfalfa roots were p u t in vessels 
w ith  meadow-boggy soils from Kizil-O rda district, where the rice is cu lti
v a ted  (Ilyaletd inov 1970).

U nder m oderate w etting  the ra te  of am m onification of p lan t p rotein , 
which is expressed by the decreased con ten t of nitrogen in the roots was 
found to  be considerably lower, th an  in flooded conditions.

In  flooded soil intensive deam ination of alfalfa proteins took place. 
F o r a m onth  and  a half following th is period, tlie am ount of nitrogen in 
p lan ts  declined from  246 to  155 m g/100 g of d ry  roots under m oderate 
w etting and  to  43 mg when flooded, th a t  is to  37 and  82.6 per cent respec
tively  (Fig. 1).

The am m onium  released from  alfalfa was found in the soil in the form  
of ion. W hen flooded more am m onium  invariably was accum ulated, th an  
under m oderate w etting. Thus, under flooding, b e tte r  conditions for deami- 
nating  of p lan t proteins and  soil organic m a tte r by spontaneous m icro
flora and  for accum ulating am m onium  nitrogen were created  (Fig. 2).

The decomposition of crop residues in the soil was closely connected with 
the ac tiv ity  of soil microflora and enzymes. The changes in num ber of
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Fig. 1. T he change o f  n itrogen  co n ten t Fig. 2. T he change o f  an  m cn in m  co n ten t
in th e  alfalfa  ro o ts  in d ifferen t condi- in  th e  soil b y  flood ing  (1 ) and  m o d era te
tions: flooding (a) and  m o d e ra te  w et- w e ttin g  (2 )

tin g  (2 )

ammonifying bacteria growing on meat-and-peptone agar, and microorga
nisms assimilating inorganic nitrogen (Czapek medium) during alfalfa roots 
decomposition in flooded and moderately wetted soil were observed. Hence 
it could be concluded that flooding suppressed activity of these groups of 
microorganisms (Table 1).

In  m oderately  wet soil the  num ber of microorganisms increased con
tinually . Thus, the num ber of ammonifiers in the 7-day incubation 
was 7.6 million in 1 g soil and  on the 45th day was 21.5 million. Q uan tity  
of fungi and  bacteria , growing on the Czapek medium, increased from  8.6 
million to  53.7 million in 1 g soil. As it appears from  the above, there is no 
tig h t dependence between the increase in the num ber of microorganisms 
in the soil and  the release of am m onium  from  crop residues.

T able l
The change oj num ber of m icroorganism s during alfalfa root 

decomposition in  flooded and moderately wetted soil 
( m illion/ 1 g of dry soil)

Incubation period., in days

Soil 7

Flooded 4.2
M oderately  w etted 7.6

Fung i

Flooded 3.6
M oderately  w etted 8.6

14 21 30 45
A m m onifiers

3.7 1.3 2.1 1.4
10.8 14.0 17.2 21.5
a n d  b acteria  assim ila ting  
inorganic n itro g en
2.8 1.7 2.3 1.8

12.3 16.5 35.4 53.7

We were in terested  in defining the effect of alfalfa roots on proteolytic 
ac tiv ity  in soil. In  one v arian t of the experim ent the soil was m ixed w ith  
fresh-dried alfalfa roots, in the o ther, the soil was m ixed w ith alfalfa 
roots autoclaved a t 0.5 a tm  for 30 m inutes. The soil w ithout alfalfa roots 
served as the control. Toluene was used as an tisep tic  for suppressing the 
ac tiv ity  of soil m icroorganisms. F or determ ining proteolytic ac tiv ity  of
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F ig . 3. T he p ro teo ly tic  a c tiv ity  o f  soil. 1. soil -f- fresh  alfalfa  roo ts; 2. soil au to c lav 
ed a lfa lfa  roo ts; 3 soil. U p p er line —  th e  soil w ith o u t to luene; low er line —  to luene

is added  to  th e  soil

the sam ples of the soil they  were d istribu ted  on the gelatin  layer of p h o to 
graphic paper in P e tri dish, w e tted  and  incubated  a t  30°C for 72 hours 
(Vostrov 1967).

Very high ac tiv ity  of proteases was observed in the soil w ith fresh alfalfa 
roots, lower ac tiv ity  in the varian ts w ith  autoclaved alfalfa roots, and  even 
lower in the soil w ithout alfalfa. B y addition of toluene to  the soil (the 
lower line in Fig. 3) the decomposition of the gelatin  layer of photographic 
paper took place only in the soils w ith freshly dried alfalfa roots. In  the soil 
w ith  au toclaved alfalfa, as in the soil w ithout alfalfa the decomposition of 
gelatin  did no t occur.

Consequently, the alfalfa root residues which were no t subjected  to  
therm al trea tm en t had  protease ac tiv ity  and served as the source of en rich
m ent o f the soil w ith enzymes, thus increasing to ta l biological ac tiv ity . 
In ac tiv a tio n  of proteases w ith high tem peratu re  caused sharp  decrease 
in p ro teo ly tic  ac tiv ity  in varian ts  w ith  autoclaved roots. Toluene suppressed 
enzym atic ac tiv ity  of microorganisms and  therefore w ith the addition of 
an tisep tic to  the substra te  the ac tiv ity  of proteases, only crop residues were 
retained.

D ISC U SS EON

B y studying  the regu larity  of microbiological decom position of alfalfa 
roo t residues in the soils w ith different degrees of w etting we found dis
crepant facts on first inspection. In  flooded soils, on the one hand, alfalfa 
proteins rad ien tly  decay w ith the release of am m onium , on the o ther hand,
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the rapid decrease of activity of proteolytic enzymes was observed. In the 
moderately wet soil, ammonium accumulates slightly but proteolytic 
enzymes are very active.

F or in te rp re ta tio n  of observed phenom ena we consider it essential to 
po in t to  a thesis of H arm sen (1964). He considers th a t  the  transform ations 
of carbon and  nitrogen in the soil are distinguished by the fact, th a t  carbon 
is rap id ly  volatilized by microbiological oxidation in the atm osphere in 
the  form  of C 0 2, while nitrogen becomes transform ed repeated ly . In  o ther 
words, nitrogen released from  p lan t and  anim al p ro tein  as am m onium  m ay 
im m ediately transform  to  pro tein  of soil microorganisms.

Based on this hypothesis, we consider that in the flooded conditions 
ammonium released from crop residues is not fixed in the composition 
plasma of microorganisms in consequence of small numbers of microorgan
isms in such soils. In the moderately wet soils ammonium produced, is 
rapidly assimilated by numerous microorganisms.

SUM M ARY

In flooded soil more ammonium nitrogen produced as a result of alfalfa 
root protein decomposition is accumulated than in moderately wet soil.

Under flooding the quantity of saprophytic microorganisms is rapidly 
decreased, while protease activity is reduced simultaneously. Under moder
ate wetting, relatively high numbers of microorganisms in the soil corre
spond to considerable activity of proteolytic enzymes in the soil. The reason 
for low ammonium content in the moderately wet soil may be its utilization 
by microorganisms, oxidation by nitrifiers and fixation by soil minerals.

In the soil with alfalfa root residues in the first week after addition of 
organic matter, the high proteolytic activity is observed, which is probably 
connected with activities of enzymes of plant tissues. The roots subjected 
to heat treatment (in autoclave) have no such activity. The suppression 
of soil microorganisms’ activity hv means of toluene delays the occurrence 
of activity of proteases in the soil.
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PROTEOLYSIS AND BIOLOGIC ADSORPTION OF 
NITROGEN AT LOW TEMPERATURE

O . S t e f á n i á k

DEPARTMENT OF AGRICULTURAL MICROBIOLOGY, COLLEGE OF AGRICULTURE,
BYDGOSZCZ, POLAND

The microbiological processes occurring in soil are though t to  be m ainly 
due to  the ac tiv ity  of mesophilic microflora. This is p robably  why the 
labora to ry  investigations on soil m icroorganisms are as a rule m ade a t 
25 — 35 °C, th is tem peratu re  being optim al for mesophiles. In  soils of the 
tem perate  zone, however, such therm al conditions are quite uncommon. 
In  warm  periods the soil tem peratu re  does n o t exceed 20 °C and  in cold 
ones drops to  abou t 0 °C or below, the la tte r  lasting up to  6 m onths. U nder 
such conditions the  ac tiv ity  of mesophiles in the soil ceases and  their work 
is tak en  over by the organism s capable of grow th and metabolism  a t low 
tem peratu re.

The occurrence of such organism s in different soils is reported  by m any 
au thors (W aksman 1916, 1922; Lochhead 1926; R ahno 1960; K ononova 
1963; Stokes and R edm ond 1965; Stefániák 1968). As it can be seen from 
their reports the populat ions of the soil bac teria  able to  grow under cold 
conditions go into thousands and  even millions of cells in 1 g of soil. L ittle  
do we know, however, w ha t physiological groups they  include and  w hat p ro 
cesses m ay occur under their influence in the  soil exposed to  long lasting 
tem peratu re  of 0 °C. On the whole, the bac teria  are though t to  be able to 
carry on different m etabolic processes, b u t the low tem peratu re  lim its their 
ac tiv ity  and  these processes m ay alm ost cease or go very  slowly.

In  th is paper an a ttem p t has been m ade to  find in the garden soil the 
occurrence of proteolytic and n itra te  assim ilating bac teria  capable of 
grow th a t  near 0 °C'. Their reaction was also investigated  when glucose (5g/kg) 
an d  inorganic nitrogen (N H 4N 0 3 =  75 mgN/kg) were added to  the  soil, 
as com pared to  the reaction of the  same groups of bac teria  displaying 
grow th a t  higher tem peratures.

The garden soil was taken towards the end of winter and to maintain 
winter conditions, stored in a cold chamber at 0—2 °C. Samples of soil 
and those of the same soil enriched with C, N and C+N were inoculated 
on selective media and incubated at 2° and 20 °C.

In  the  period of the experim ent (over 3 weeks) the num ber of proteolytic 
bac te ria  capable of grow th a t 2 °C am ounted  to  200 to  400 thousand  cells 
in 1 g of control soil and  th a t  of n itra te  assim ilating bac teria  varied between 
3 and  4.5 million. This constitu ted  about 50 — 80%  and 30—50%  of the 
respective groups of bac teria  displaying grow th a t  20 °C, which would 
indicate th a t  the low tem p era tu re  bears a stronger lim iting effect on grow th 
th an  on the survival of the n itra te  assim ilating bacteria, whereas in the 
case of the pro teo ly tic bac teria  it  seems to  be the o ther w ay round.
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Fig . 1. P ro teo ly tic  b ac te ria  in  garden  
soil; s to red  a t  0— 2 °C w ith  C, N  and  
C +  N  added . N  =  n u m b er o f  cells r e 
ferred  to  1 g  o f soil, X  =  com plete  diges
tio n  o f  g e la tin  on p la te s  m ad e  coun ting  
im possible. 1 =  cells d isp lay ing  g row th  a t  

2  °C, 2  =  th e  sam e a t  2 0  °C

Fig . 2. N itra te  assim ila ting  b ac te ria  in  
gard en  soil; s to red  a t  0— 2 °C w ith  C, 
N  and  C +  N  added . N  =  n u m b er o f 
cells referred  to  1 g  o f soil, 1 =  cells 
d isp lay ing  g row th  a t  2 °C, 2 =  th e  sam e 

a t 20 °C

The reaction of both  bac teria  groups in question to  glucose and  N H 4N 0 3 
was the same a t 2° and  20 °C, although its course was som ewhat different 
in proteolytic bac teria  and  those assim ilating n itra te . As it can be seen 
from  the  diagram s, the form er reacted  to  the additions alm ost in stan tly  
and  the  reaction increased gradually  (Fig. 1), whereas in the la tte r  the lag 
phase lasted  alm ost 24 hours and  was followed by a rap id  increase in their 
num ber (Fig. 2); they  reached their m axim um  within 3 days and  am ounted 
to  the same num ber a t  2° and  20 °C.

B oth  groups dem onstrated  a very  strong reaction to  glucose or glucose 
and  N H 4N 0 3, the  num ber of cells rising alm ost tenfold in each case. 
The s ta te  of unsettled  biological equilibrium  persisted  m uch longer due to  
the addition of C and  N  com bined th an  of glucose alone.

It was found that the inorganic nitrogen added alone to the soil does 
not affect its biological balance. The biological adsorption of nitrogen occurs
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only when it is added sim ultaneously w ith  organic substance. Only the 
proeto ly tic bac teria  displayed a slight reaction to  n itrogen in the first 
hours following its addition to  the  soil.

The results of investigations presen ted  here as well as those ob tained  in 
sim ilar investigations on arable soil (in prin t) show th a t the soil tem p era tu re  
near 0 °C does no t inhibit the biological processes connected w ith  nitrogen 
changes in soil. A lthough in the soil w ith  se ttled  biological balance the 
bacteria  are less num erous th an  those able to  grow a t higher tem peratu re, 
none the less, their num ber is a  considerable one. No doubt th ev  also 
have th e ir by  no m eans small share in the cycle of elem ents under the con
ditions o f the tem peratue  which suppresses the grow th of o ther bacteria. 
These bac teria  seem to  receive too little  a tten tio n  w ith  regard  to the role 
th ey  play  in the soil.
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ROLE OF MICROORGANISMS IN THE 
DECOMPOSITION OF MOSSES
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LABORATORY OF BOTANY, STATE UNIVERSITY OF NANCY, NANCY, FRANCE

There are only a few microbiological works which deal with the decompo
sition of mosses. Studies which appeared on this subject refer to Sphagnum  
mainly (Poschenrieder and Beck 1958, Puffe, Grosse-Brauckmann 1963, 
Chastukhin 1967, Le Borgne et al. 1967). Other authors published data on 
the decomposition of mosses belonging to Eubrya (Waksman and Tenney 
1928, Mikola 1954, Goetzke 1963, Kilbertus 1968b).

E xperim ents carried out so far dem onstrated  th a t the fragm ents of 
Pseudoscleropodium purum  Hedw. Fleisch could be found for a long 
tim e (5—10 years) on the  soil surface (K ilbertus 1968a). The speed of 
the decomposition in sem i-natural conditions is expressed in the p er cent 
of the yearly  weight loss; in the case of the p a r t  of the living mosses was 
27%  and  parts which are dying 30%  and  in dead p arts  38%  (K ilbertus 
1968b).

D a ta  of Mikola (1954) rep o rted  th a t the yearly  weight loss of the green 
p a r t of Pleurozium schreberii was 25.5%  of the Hylocomium splendens 
21.7%  and  the yearly  weight loss of Rhytidiadelphus triquetrus 16.3% .These 
are in agreem ent w ith the  results obtained by  us.

These data prove that this litter is decomposed much more slowly than 
the litter of the deciduous trees. The decomposition of mosses differs from 
the former in the degree of decomposition on Bryophila fragments which 
can be demonstrated in every phase of the year, while in the deciduous 
trees a layering may be observed.

E X 1 > E R IMÉNT A L PART

In  the course of d irect microscopic investigations of the green parts of 
Pseudoscleropodium purum , we established th a t on these, besides a brown 
coloured Mycelia Sterilia fungus, tw o other fungi could be found som e
tim es. One of these was Chrysosporium pannorum, the o ther belongs to 
the Oidiodendron echinulatum species.

On the  p a rts  which were brown or dead, we could observe two fungi 
belonging to  the  Basidiomycetes.

The basidial fungi cu ltivated  from  m ycorrhiza of forest pine (F inns  
silvestris) as well as the  m ycelia of different moulds do no t cause weight 
loss in the  p a rts  of Ps. purum  which had been previously sterilized. Their 
role under natu ra l conditions could no t be clarified. Electronm icroscopic 
investigations (K ilbertus et al. 1970) confirmed th a t  the basidiom ycetes 
do not a ttack  the cell wall of mosses.
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The myeelia of the above mentioned two basidiomycetes disappear under 
“in vitro” conditions. It may be supposed that they cannot decompose 
the organic matter of the brown and dead moss. Under natural conditions, 
it may be expected that on the effect of favourable microclimate and due 
to the absence of concurrent species, they multiply on the surface of the 
moss. According to Chastukhin’s (1967) data, theCollybia dryophila actively 
takes part in the decomposition of sphagnum.

Several fungi were cu ltivated  from  moss colonies which were stud ied  by 
us on m edia using the m ethod described in our earlier works (K ilbertus, 
1968b, 1969). Alternaria tenuis, Cladosporium herbarum and  Epicoccum 
nigrum were the  most frequent species on green leaves. These were followed 
by Mortierella ramanniana, Trichoderma viride, Pénicillium spinulosum, 
Chrysosporium pannorum  and  Mucor hiemalis species. The la tte r  could be 
identified during the whole tim e of decomposition and they  probably  have 
an im p o rtan t role in m ineralization.

The th ird  group consisted of Chaetomium indie,um, Cephalosporium sp. 
and  Oidiodendron rhodogenum species.

Under natural conditions the Pseudoscleropodium purum  occurs with 
Brachypodium pinnatum  grass. On this grass many such fungi could be 
found which did not develop on moss but the mycoflora of Ps. purum  also 
occurred on the grass.

The water extract prepared from the Ps. purum  did not affect the 
growth of the investigated microscopic fungi but the extract inhibited the 
fungi not occurring in mosses but on grass. Bacteria are also very sensitive 
to the extracts because their numbers decreased intensively when its con
centration is high.

Chemical analysis proved that the cellulose material of the mosses coidd 
not be utilized by the well-known cellulolytic fungi. Czapek already de
scribed in 1899 that there is a material present in the cell wall of Sphagnum 
which inhibits the microorganisms. For this reason in the case of mosses, 
the dye reaction of cellulose could be detected, only after they were treated 
with 1%  NaOH or alkalic hyperchlorite solution (Biinning 1927).

The resistance to decomposition of cellulose of Ps. purum  could be 
explained by the presence of Sphagnol or the special composition of the 
cellulose of mosses. Since our chromatographic investigation demonstrated 
a large amount of glucose, the special feature of the cellulose of mosses is 
not likely. Sphagnol extracted with sodium hydroxide from mosses already 
inhibited the cellulolytic activity of Trichoderma viride in diluted solution.

According to our investigations, this inhibition effect is due to the 
presence of two phenolic compounds, especially the p-hydroxy benzoic acid 
and p-cumaric acid belong to the material which can be extracted with 
sodium hydroxide. Supposedly they do not take part only in the inhibition 
of cellulose decomposition but the mechanical defense of Sphagnol coidd 
play an important role here.
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ROLE OF THE SOIL MICROSCOPIC FUNGI IN THE 
DECOMPOSITION OF PLANT RESIDUES

S. A. C h u l a k o v

SOIL SCIENCE INSTITUTE OF THE KAZAKH ACADEMY OF SCIENCES, ALMA-ATA, USSR

In  the lite ra tu re  one can find m any works connected w ith the microbiolog- 
ical decom position of p lan t roots rem aining in the soil; these influenced 
the organic m a tte r balance of the soil to  a  g rea t ex ten t which has a slight 
connection w ith its fertility  (K ononova 1951, Tyurin 1937).

The microscopic fungi have a very  im p o rtan t role in the soil form ation 
processes and  generally in the cycle of m atters. Because of their e x tra 
ordinary  w ide-spectra ferm ent system  they  have a basic im portance in the 
m ineralization of the organic m ateria l introduced into the soil.

K ostvchev (1886) firstly po inted  out, th a t  the dark  coloured pigment 
m aterials formed in the course of decom position of p lan t residues were 
carried out by microscopic fungi. These organism s have intensive am m oni
fication properties. M ishustin and  P ushkinskaya (1942), G eltser (1940) and  
o ther au thors em phasized the im portan t role of microscopic fungi in the 
soil s tru c tu re  and hum us form ation.

Many au thors drew a tten tio n  to  the fact th a t  in the first stage of the 
decomposition of p lan t residues in troduced in to  the soil the microscopic 
fungi have the main role. Their ac tiv ity  declines w ith  the progress of assim i
lation of the organic m aterials which can be utilized more easily. O ther 
soil fungi do no t take p a r t  in the first phase of the m ineralization (Mishustin 
and Pushk inskaya 1942. Mishustin and  Tim ofeeva 1944, C hastukhin 1952).

E X P E R IM E N T A L  P A R T

On the  basis of the above, our aim  was to  stu d y  the dynam ics of soil 
fungi. The soil sam ples needed for the experim ent were collected p a rtly  
from  the dark  chestnut soil of the n o rth  p a r t of the K azakh  Soviet Social
istic R epublic, uncu ltivated  virgin soil and  sam ple taken  from  spring 
w heat sowing. Soil sam ples also were taken  from irrigated  desert gray meadow 
soil sown w ith lucerne in the South p a r t  of K azakhstan . The qualita tive 
and  q u an tita tiv e  ratios of the more im portan t fungal groups were d e te r
m ined in these investigated  soils. The chestnu t carbonaceous soils occupy 
enorm ously large territo ries in the n o rth  p a r t of the R epublic where the 
clim ate is very  poor in m oisture. These soils which are m ainly uncu ltivated  
have a po ten tia l fertility . The weight of roo t residues is 20—24 ton, their 
hum us conten t 300 — 400 ton, th e ir nitrogen c o n te n t 20 ton, their phosphor
us acid con ten t 15 — 20 ton /hectare calculated for the upper 1 m soil level 
(M atyshuk e t al. 1961). The m ost organic residues, the  hum us, as well
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T able 1
The quantity  of p lant residues, hum us and fung i in  dark chestnut soils

Cultivation phase Depth in cm Plant residues 
ton/h Humus, % Fungi 1000/g soil

0 - 7 8.9 4.74 11.3
Virgin soil 7 14 4.0 3.74 0.5

14 22 2.2 3.02 3.4
22 30 1.0 2.74 2.8

0 - 7 8.5 4.71 30.0
H arrow ed (with 7 —14 2.9 3.8.5 13.0

disc harrow ) soil 1 4 - 2 2 2.2 3.08 8.2
2 2 - 3 0 1.4 2.75 2.4

0 —7 0.1 4.24 21.9
P loughed  soil 7 — 14 3.2 4.08 18.3

14 — 22 2.0 4.02 10.2
2 2 - 3 0 1.0 3.0 2.7

as the  m ajority  of the fungal flora are concentrated  in the upper so-called 
grassy level (Table 1).

As it was m entioned the  p lan t of the  cu ltivated  soil was spring wheat 
a t the tim e of sam pling. I ts  roo t system  is very  resistan t to  the m inerali
zation ac tiv ity  of microscopic fungi. D uring the five investigation periods 
abou t 40 — 60%  of the root mass was decomposed in the virgin soil 
uncultivated . G rossbard’s (1969) investigation proved also th a t  the decom 
position of root system  of cereals takes place relatively  slowly.

Most hum us in the virgin soil could be found sim ilarly to  the p lan t 
residues in the highest p a r t of soil. In  the layer harrowed, the am ount of 
hum us decreases. In  the course of ploughing, the d istribu tion  of hum us 
becomes w idespread especially in the p a r t tu rned  up it decreased while 
in the under p a r t  it rose. B u t the loss of hum us is no t significant because 
of the ex tracts  of the carbonaceous dark  chesnut soils. The change resulting 
from the clim atic conditions of the arid  steppe zone — according to  the 
lite ra tu re  d a ta  — needs 15 — 20 years more time (Orlovskv 1935, M atyshuk 
e t al. 1961).

The m ajority  of the microscopic fungi are zymogenic microorganisms 
occurring in the investigated  soils and  mineralizing the fresh p lan t m ate
rials (W inogradsky 1952). I t  can be seen from  the tab le  th a t the m axim al 
num ber of microscopic fungi as can be dem onstrated  in the highest layers 
of the soil and  going to  the deeper layer decreased strongly. Y atchevsky 
(1933), Naum ov (1933), K ursanov (1940), M ishustin (1951) as well as o ther 
au thors received the sam e results. I t  is in teresting  th a t w ith the dep th  of 
the layers no t only the num ber of fungi decreased b u t the length of fungal 
hvpha too. I t  is very  likely th a t the soil biochemical ac tiv ity  is decreased 
too w ith  this.

On the effect of the cultivation of the virgin soils the num ber of fungi 
increases significantly. Especially a large am ount of fungi could be dem on
s tra ted  w ith 0 —7 cm upper p a r t on the effect of harrowing. The fungi oc-
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curred in deep ploughed soils, since p lan t m aterials get in to  the deeper soil 
layers too w ith ploughing.

The change in the am ount of microscopic fungi is determ ined by  the 
m oisture conditions too (Table 2). This is typ ical m ainly for the upper level 
of the soil which is more prone to  drying. The m oistening of soil increases 
the num ber of fungi rapidly.

T a b le  2
T h e  charme o f the nu m b er o f fu n g i  taken  a s a ju n c tio n  o f so il m oisture  

in  d a rk  chestnu t soil

Cultivation phase
Depth of 

cultivation 
in cm

May June July August

I 11 1 1 11 I II I II

0 7 27.0 15.8 m i 5.8 17.9 12.S 0.1
7 -  14 27.7 10.6 IS.2 4.0 11.0 4.4 17.5

Virgin soil 14 — 22 25.8 4.4 17.7 3.2 12.5 2.S 14.4
22 30 25.6 3.0 19.1 2.6 10.1 2.S 14.2

0 — 7 38.1 42.0 1 0.5 21.0 27.8 38.0 0.121.0
Horrowed (with 7 -1 4 40.7 11.023.8 15.6 15.0 10.2 12.2 15.2

disc harrow) soil 14 — 22 31.4 5.2 23.2 11.8 15.9 3.4 13.1 12.0
22 -3 0 28.9 3.4 22.9 2.2 10.7 1.8 14.0 2.4

0 — 7 27.7 30.2 13.5 14.0 25.5 22.0 7.1 15.4
Ploughed soil 7 -1 4 34.9 20.0 26.6 15.8 28.2 17.0 15.5 13.8

1 14 — 22 30.3 20.8 20.0 12.0 20.2 14.8 10.1 11.2
22 -3 0 32.2 3.8 27.5 3.2 20.4 2.0 16.9 1.8

I  Soil m o is tu re  in  %  o f  th e  m a x im a l w a te r  c a p a c ity .
I I  N u m b e r  o f  fu n g i, 1000/g  soil.

The qualita tive analysis of the m icrofungi proves th a t  the fungal species 
of flora of the investigated  dark  chesnut soil is not variable. M ainly th a t 
species occurred here, which do no t have dem ands as regards the m oisture 
and  n u trien t m aterial sources. Their m ajority  occurred in the upper p a r t 
of the ploughed soil b u t Pénicillium  species could be found in all soil 
levels during the whole vegetation period. Species belonging to  the Mucor

T ab le  3
T he q u a n tity  o f p la n t residues a n d  m icroscopic fungi, in  the desert 

gray m eadow  so ils

Time of 
sampling Depth in cm Plant residues 

ton/h
Number of fungi 

1000/g soil

May 0 20 5.9 10.5
2 0 -4 0 2.1 5.7

.lime 0- 20 3.9 11.9
20—40 1.0 0.8

October 0 20 1.1 9.7
20 40 0.8 4.8
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T able 4
The num ber of fung i in  desert gray

Depth in cm
Pénicillium Aspergillus

Year
I II III I II III

19(54 0 — 10 4 .2 2 .3 3 .4 3 .0

1П — 20 — 3 .6 3 .0 — 2.0 1.4

2 0 — 30 — 3 .0 2 .4 1.6 0 .8

3 0 — 40 — 1.9 1.0 0 .8 0 .3

1965 0 — 10 1.8 2 .0 3 .6 m i 2 .0 4 .0
10 — 20 1.8 2 .2 3 .0 1.6 i.o 2 .0
20  — 30 1.2 1.2 2 .0 0 .4 0 .8 1.2
3 0 - 4 0 1.6 1.6 1.8 0 .8 0 .8 1.0

genus which can survive the d ry  conditions were concentrated  in the upper 
soil level, b u t Trichoderma species were dom inant in the deeper soil 
level, ra th e r often b u t n o t in such large num bers. Aspergillus occurred 
and  more rarely  the species belonging to  the Alternaria, Fusarium  and 
o ther genera. The m ost intensive cellulolytic kind are the represen tatives 
of Myrothecium, Chaetomium, and  Globisporus genera. The weakly cellulose- 
decomposing species belong to  the Trichoderma and  Fusarium  genera.

In  the nex t p a r t  o f our investigations the fungal flora of the irrigated  
desert g ray  meadow soils were exam ined. Lucerne cultivation which is 
one of the basic ways of increasing soil fe rtility  was conducted on this 
soil tvpe. The w eight of the lucerne-root mass counted in 1 m dep th  was 
19.6 ton /hectar; from  th is 13.38 ton was in the  u pper 26 cm level, the layer 
between 26 — 60 cm had  5.47 ton lucerne root mass. The decom position of 
the lucerne and  the different grass-roots s ta rted  a fte r the  spring ploughing 
(Table 3).

As it can be seen from  the d a ta  of the table, 36%  of the p lan t residues 
were m ineralized in the 0 — 20 cm layer a fte r ploughing in two m onths tim e 
(in June). In  the 20—40 cm layer the m ineralized p lan t residues were at 
the same tim e 20% . These dem onstrate th a t  the residues of lucerne are 
m ineralized more rap id ly  th an  the dead root system  of the spring wheat. 
One of the m ain reasons for this is th a t  there is no unfavourable effect 
due to  the lack of m oisture as in the chestnu t soil because these are irri
g a ted  areas.

According to  the d a ta  of Table 4 the “ to ta l” num ber of the fungi is 
m uch less in th is soil type th an  in the above-m entioned one. I t  is very  
likely th a t the spore-form ingprocesses slow down under favourable m oisture 
conditions bu t th is does no t exclude the im portan t role of the vegetative 
m ycelia in the transform ation  of the p lan t residues.

As the d a ta  show the num ber of fungi was higher before ploughing of 
lucerne th an  in sum m er tim e. H ow ever it is visible th a t  Pénicillium  
and  Aspergillus species are dom inant firstly, b u t species belonging to  
the Fusarium  genus are represen ted  in considerable num ber too. Tire n u m 
ber of Mucor and  Trichoderma species is no t significant.
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meadow soils ( 1000/g soil)

Fusarium Trichoderma Mucor

I И III I 11 III 1 II II I

_ 2 .6 1.2 2 .0 0 .5 1.4 u i
— 2.0 1.4 2 .0 0 .8 — 1.4 1.0
— 1.0 0 .6 0 .6 0 .6 — 0 .8 0 .8

— 0 .2 0 .2 0 .2 0 .2 0 .2 0 .2

1.0 0 .6 0 .2 3 .0 3 .8 1 .6 3.8 4 .4 2 .0
1.0 0 .4 0 .2 2 .4 3 .0 1.2 3 .0 3.8 1.6
0 .4 0 .2 0 .2 2 .4 2.8 1.0 3 .0 3.6 и »
0 .2 0 .2 0 .2 0 .6 0 .8 0 .3 0 .8 1.4 0 .4

N ote: I  =  spring, I I  =  sum m er, I I I  =  au tu m n .

A fter ploughing the species spectrum  of microscopic fungi changes. 
The decomposing p lan t m aterials supply the  microorganisms w ith consid
erable am ounts of nitrogen and  easily available carbohydrate . In  th is 
phase the num ber of fungi belonging to  Mucor and  Trichoderma genera 
surpassed the num ber of Aspergillus and Fusarium  species. G enerally the 
num ber of fungi is higher except th a t  of Fusarium  species, b u t the ratio  
re la ted  to  each o ther is no t changed significantly. In  au tum n when the 
am ount of easily available p lan t m aterials increases and  the am ount of 
p lan t fractions decomposes more slowly, the num ber of fungi belonging 
to  the Mucor, Trichoderma and  Fusarium  significantly decreases, then  
the num ber of represen ta tives of Pénicillium  and Aspergillus genera 
increases.

SUM M ARY

In  the transform ation of the p lan t m aterials getting  in to  the soil, the 
microscopic fungi — having a w ide-spectrum  ferm ent system  — play  a g reat 
role.

The residues of the lucerne grown and  ploughed down in the desert- 
gray meadow soil m ineralized m uch more quickly th an  the root residues 
of spring w heat in the dark  chestnu t of d ry  steppe zone. The soil fungi 
changed qualita tively  and  qu an tita tiv e ly  in the  course of the m ineraliza
tion of the p lan t residues.
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DECOM POSITION OF CELLULOSE AND F IX A T IO N  OF 
N IT R O G E N  IN  T H E  SOILS OF VARIOUS T Y PE S

T. A. K a l i n i n s k a y a

INSTITUTE OF MICROBIOLOGY, ACADEMY OF SCIENCES OF THE USSR, MOSCOW, USSR

Insufficient elucidation of the role of the free-living nitrogen fixers in 
the nitrogen balance of the soil can be accounted for by  the  difficulties 
which are involved in determ ination  of small increases of nitrogen in 
soils according to  the K jeldahl procedure as well as by the fact th a t  in 
the soil there can sim ultaneously occur the processes (elution, denitrifica
tion) which lead to  the losses of soil nitrogen.

Therefore, the use of 15N 2 for the assay of the soil fo r nitrogen fixation 
is of g rea t in terest (Delwiche and  W ijler 1956: Rice and  P au l 1964; Brouzes 
e t al. 1969). The use of 15N  perm its detection of fixation even in very  small 
am ounts of the molecular nitrogen repesenting about 0.02 per cent of the 
initial con ten t of nitrogen in the soil.

Investigations were carried ou t on the nitrogen-fixing ac tiv ity  of the 
soil sam ples collected from  different clim atic zones.

The experim ents were carried out in vacuum  dessicators filled w ith  a 
gas m ixture containing 20%  0 2, 30%  ]5N 2 and  50%  argon. The soil sam ples 
were placed in a th in  layer of not more th an  1.5 — 2 cm in thickness into 
the small cylindrical glass cups or P etri dishes.The soil was sa tu ra te d  w ith  
w ater.

Investigation  of nitrogen fixation was conducted w ith or w ithout (the 
control) addition of exogenous organic carbon-containing substances like 
cellulose or glucose. Each trea tm e n t was in trip licate. R eleased CO., was 
trapped  by KOH . A ddition of oxygen into the desiccator replacing the 
oxygen utilized by the soil was perform ed 2 — 3 tim es per week. Incuba
tion was carried ou t in the dark  during 4 — 6 weeks a t 26 — 28 °C and 
the 15N  level was afterw ards determ ined in the soil sam ples on mass 
spectrom eter.

U tilization of cellulose by the soil was determ ined w ith an throne reagent 
a fte r trea tm en t of the sam ples by 70%  H 2S 0 4 for 16 hrs in cold.

Table 1 shows d a ta  characteristic of the nitrogen fixing ac tiv ity  of the 
soil under n a tu ra l conditions where the nitrogen fixation occurs on account 
of the organic substances available in the soil itself. Nitrogen-fixing ac tiv 
ity  of the soil can be associated w ith the organic pool of the soil whose 
presence m ight be indicated  by the occurrence of carbohydrates. Thus, the 
to ta l carbohydrate in the sodic-podzolic and chestnu t soils as determ ined 
w ith an throne reagent was no t more than  1.7 —2.5 mg p er g soil while in 
chernozem  and  meadow bog soils it am ounted  to  6— 10 mg per 1 g soil.

In troduction  of organic substances (cellulose, glucose) into the soil 
exerted  a m arked stim ulating  effect on nitrogen fixation in the studied
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T able 1
F ixa tion  of nitrogen by various soils under natural conditions 

( w ithout addition of exogenous organic substances)

Soils investigated
Excess of 

in soil

atom % 15JSI 

samples
N2 fixed 

mg/kg soil
Fixation of nitrogen ca 
culated per 1 hectare 
arable layer, kg/hectar

Sod-podzolic a rab le  soils,
Moscow region 0 0.025 0 0.21 0 0.63

G ray forest v irg in  soils, T ula
region 0.00 0.0 0.0

R iv er basin  soils, T u la  region 0.06 0.78 2.35
C hernozem  virg in  soils 0.02 0.06 1.0 - 1 .4 3 4.2
Chernozem  arab le  soils 0.0 —0.01 1.0 3.0
C hestnu t a rab le  soils 0.0 -0 .0 1 0.5 1.5
M eadow-bog soils, Moscow region 0.20 5.5 16.5
M eadow-bog soils un d er rice, I* 0.160 7.74 23.2
T ash k en t region II*  * 0.465 22.5 67.5

N ote: D u ra tio n  o f in cu b a tio n  —  4 w eeks.
N 2 con ta in ing  95%  15N  w as used.

* In cu b a tio n  in  cups.
** In cu b a tio n  in  P e tr i dishes w ith  a  th in  lay e r o f soil.

T able 2
P roductivity of nitrogen fixa tion  during  decomposition of cellulose in

various soils

Soils investigated Treatments Excess of atom% 
15N in the soil

Fixed N z mg 
per 1 kg soil

Fixed N 2 mg 
per 1 g cellulose

1 3  ' 4 5

- 1 -  2 ° /

Sod-podzolic, Moscow region cellulose 2 .32 3 1 .0 1.55
_ l _ 1  °/1 1 /0

G rey forest, v irg in , T u la  region cellulose 0 .6 0 15 .25 1.52

+ i %
R iv er b asin , T u la  region cellulose 1.45 19.0 1.9

Chernozem , K u rsk  region, I 0  0 /  
u  Z  / 0

v irg in  soil cellulose 0 .8 0 4 0 .6 4 .0 6
M ountain  chernozem , A lm a-A ta +  2 %

region, v irg in  soil cellulose 3 .04 76 .8 3 .84

C hestnu t virg in  soil, A lm a-A ta -4- 2 ° /

region cellulose 7.3 9 1 .5 4 .5 8

D ark-brow n virg in  soil, +  1%
Z aporoshje region cellulose 0 .8 2 23 .2 2 .32

M eadow solonchak, virgin land, + i %
Z aporoshje region cellulose 2 .7 5 4 5 .5 4 .5 5

M eadow-bog soil un d er rice, I 9  0 /  
i ^ / 0

T ash k en t region cellulose 4 .77 2 3 0 .0 11.5

N ote: The sam ples w ere in cu b a ted  w ith  n itrogen  con ta in ing  95%  a to m  % 15N.
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soils. Most in teresting  was the investigation of the p roductiv ity  of nitrogen 
fixation on addition of cellulose to  the soil which is the m ain constituen t 
of p lan t rem nan ts en tering  the soil.

In  Table 2 d a ta  are p resen ted  on the p roductiv ity  of the  nitrogen fixation 
in the soil due to  cellulose decomposition.

P roductiv ity  of the  nitrogen fixation in different soils vai’ied m arkedly. 
M axim um  productiv ity  of nitrogen fixation (up to  11.5 mg N per g cellulose) 
was found in the paddy  soils. N itrogen fixing p roductiv ity  in chernozem 
and  chestnu t soils varied  over the range of 2.5 —4.5 mg nitrogen per g cel
lulose. A lower level (an average of about 1.5 mg N  per g cellulose) was found 
in sod-podzolic and  grey forest soils.

I t  should be no ted  th a t low nitrogen-fixing ac tiv ity  found in  sod- 
podzolic soils m ight often be due to  the absence of active cellulose decom 
posing microflora capable of form ing a productive symbiosis w ith nitrogen 
fixers. As evidenced from  Table 3 exogenous cellulose practically  was not 
decomposed in the soil and nitrogen fixation did no t occur, y e t addition 
of glucose and  lacta te  induced active nitrogen fixation.

In  grey forest soils, exogenous cellulose was utilized ra th e r effectively 
and low nitrogen fixing productiv ity  was apparen tly  due to  a low ac tiv ity  
of microorganisms present. Exogenous cellulose was readily decomposed in 
chestnu t soils and especially in those under rice. Most of the soils investi
gated , yielded microbe associations containing cellulose-decomposing and 
nitrogen-fixing bac teria  and  were capable of active nitrogen-fix a t ion on 
account of decomposition of cellulose.

T able 3
N itrogen fixa tion  by the nod-podzolic soil upon addition of 

various sources of carbon

Productivity 
of nitrogen

Initial amount of carbohy
drates in the soil, mg/g

Source of carbon Excess 
of atom %

N2 fixed 
mg/kg soil

fixation 
mgN2/g of 

carbon 
source

In the be- 
ginning of 
the experi

ment

a t the end 
of the ex
periment

uptake of 
cellulose

The control w ithou t
additions 0.00 0.0 0.0 2.9 2.3 0.0

+  0.5%  cellulose 0.00 0.0 0.0 7.9 6.7 1.2
-(-0.5%  glucose 0.55 24.4 4.88 —
-j-0 .5%  lac ta te 0.S7 39.5 7.90 —

N ote: D u ra tio n  o f  in cu b a tio n  —  4 weeks. 
N itrogen  con ta in ing  25 a to m  %  15N w as used.

The species p a tte rn  of these complexes varies grossly. In  m icrobial associa
tion isolated from rice field soils, decomposition of cellulose is operated  by 
obligatelv anaerobic bac teria  while microbial complexes isolated from  m ead
ow grey and  chernozem soils are inhabited  m ainly by cellulose-decompos
ing m yxobacteria (Cytophaga hutchinsonii). In  associations investigated,
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Azotobacter was found b u t occasionally and  the m ajor role was played by 
facu ltative sym biotrophic fixers belonging to  m ycobacteria.

The im p o rtan t role of these forms in nitrogen fixation by the soil is ev i
denced from  our d a ta  by a m arked increase in the num bers of th is group 
of nitrogen fixers by addition of cellulose to  the soil. These results are shown 
in Table 4.

'Fable 4
Changes in  the num ber of facultative symbiotrophic nitrogen 

fixers by addition  of 0.0%  cellulose to the soil

The number of symbiotrophic

Soil samples

nitrogen fixers (thou sand/gsoil)

Initial After incubation
with cellulose

H iver basin  soil, T u la  region 25.0 25,000.0
C hernozem , K u rsk  region 27.3 250.0
O rd in ary  chernozem , D onetsk  region 13.4 13,000.0
C h e s tn u t soil, A lm a-A ta  region 27.3 250.0
Meadow solonchak, Z ap o ro zh je  region 14S.0 110,000.0

N ote: T he n u m b er o f  n itrogen  fixers w as d e te rm ined  b y  th e  m eth o d  described 
earlie r (K alin in skaya  1967).

The findings support the conclusion th a t the ac tiv ity  of free-living 
nitrogen fixers can p lay  an im portan t role in re s titu tio n  of the soil nitrogen 
reserves. The jiresence of organic substances, entering the soil together w ith 
p lan t residues, as well as a propitious hydrotherm ic regime are indispen
sable for active nitrogen fixation by the soil.

SUM M ARY

The activ ity  of the free-living N-fixing bac teria  was studied in a soil 
environm ent w ith  ,5N isotope m ethod. A large am ount of nitrogen was fixed 
in the (loamy) meadow soils containing m uch organic m aterial, where 
the N -am ount fixed fluctuated  between 6 — 7 mg/kg soil.

In  the chernozem soils the fixed-N was 0.5—2 mg/kg soil; in the sod-pod
zolic soils and  in grey forest soils no significant nitrogen fixation was 
observed w ithout the  addition of organic m aterials.

The addition  of cellulose and glucose to  the  soil increased signifi
can tly  the  nitrogen fixation.

The highest p rodu tiv ity  of nitrogen fixation (8—11.5 mg N/g of cellu
lose) added was observed in soils under paddy  cultivation. In  chernozem 
and chesnut soils p roductiv ity  of nitrogen fixation fluctuated  from  2.5 to
4.5 mg N fixed/g of cellulose utilized. A lesser significant p roductiv ity  
of nitroden fixation was noticed in sod-podzolic and grey forest soils.
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EFFE C T  OF FE R T IL IZ A T IO N  ON T H E  ACTIVITY 
OF CELLULOLYTIC BACTERIA AND BREA K D O W N  

OF CELLULOSE IN  T H E  SOIL

B . TODOROVA

“X. PUSHKAROV” INSTITUTE OF SOIL SCIENCE, SOFIA, BULGARIA

Data of the literature have indicated an intensification of the cellulolytic- 
process in the soil as a result of the application of mineral fertilizers (Kadota 
1956; Unger 1960; Zakharov and Atamvuk 1960).

We proposed to study the effect of increasing mineral fertilizer doses 
on the development of cellulolytic bacteria and breakdown of cellulose in 
the soil with a view to investigating the possibility of controlling the miner
alization processes of the organic residues in the soil.

For this purpose fertilization field experim ents conducted in 1969 on 
two soil types were used leached chernozem -sm olnitza (experim ental 
field a t  the B ajourishte village) and  leached cinnam onic forest soil (experi
m ental field a t  the Grigorevo village). The experim ents were carried out 
w ith maize. The following v arian ts  of increasing fertilizing doses were 
tested : N 00P 40K 40; N 120P 80K 80 and  N 240P ie0K le0 a fte r application of 5 tons, 
of fa rm yard  m anure.

The num ber of cellulolytic bac te ria  was assessed periodically during 
vegetation of p lan ts over 7 m onths w ith 30 d ay s’ intervals. K a d o ta ’s (1956) 
agar-containing m ineral medium  as modified by Zakharov (1960) was 
used for counting o f cellulolytic bacteria. Assessm ent of the breakdow n 
in tensity  of cellulose in the soil was done a f te r  U nger (1960). The change 
in the available n u trien t (N0-7 and P 20 5) con ten t was also observed 
during vegetation in fertilized and  nonfertilized plots by m eans of color- 
rim etry .

Results (Fig. 1) show that the mineral fertilizers which were applied, 
increased the accumulation of nitrates and mobile phosphorus forms 
in the soil. Increased doses of applied mineral fertilizers augmented the 
content of nitrates and mobile phosphorus forms. NPK variants accumu
late more nitrates in the arable layer (0 — 20 cm) and the mobile phos
phorus is accumulated equally in the arable layer and subsurface layer. 
There are differences in nitrate accumulation between both soils studied, 
in that more nitrates are shown to accumulate with the cinnamonic forest 
soil. This can be attributed to the more favourable conditions under which 
the nitrification process proceeds.

D ata on the effect of increasing m ineral fertilizer doses on the develop
m ent of cellulolytic bac teria  in the  soil are given in Fig. 2. They show a 
different num bers of cellulolytic bac teria  not only between both soils inves
tig a ted  b u t between the different fertilizing varian ts  as well.

Comparing the number of these bacteria in chernozem smolnitza and in 
leached cinnamonic forest soils it was found to be higher in the latter type.
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Chernozem-smolnitza Cinnamonic forest
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This was observed d u r
ing the whole period 
of the  stu d y  owing to 
the optim al n itra te  
accum ulation in this 
soil.

The developm ent of 
cellulolytic bac teria  
was stim ulated  by the 
higher doses of m iner
al fertilizers as shown 
by  the  d a ta  of the 
Figures. In  our exper
im ents, e.g. lower 
m ineral fertilizer doses 
(Ne0P 40K 40) d id  cause 
a small if  any  change 
in developm ent of the 
cellulolytic m icroorgan 
isms in bo th  soil types. 
In  th is varian t the 
num ber of cellulolytic 
bac teria  is sim ilar to  

th a t of the control. H igher applications (doses of N 120P80K 8n and  
N ,10P ie0K je0) po in ted  to  a substan tia l num ber increase of the bac teria  
analysed. The increased num ber of cellulolytic bac teria  was higher when 
applying a  higher m in
eral fertilizer dose.

The ac tiv ity  of the 
cellulolytic process is 
reflected inF ig . 3which 
gives d a ta  on the 
changes of cellulolytic 
effect of the soil. W hen 
a  certain  q u an tity  of 
cellulose rem ains in 
the soil over a  period 
of 7 m onths the highest 
percentage of cellulose 
decom position was ob
served w ith  the  v ari
an ts  of higher fertiliza
tion doses. The lower 
m ineral fertilizer doses 
had  a slight effect on 
the cellulolytic ac tiv 
ity  bo th  in the clier- 
nozem -sm olnitza and 
cinnam onic forest 
soils.

Fig. 2. E ffect o f  app ly ing  m inera l fertilizers on th e  a c tiv 
ity  o f cellu lo ly tic b ac te ria  (%  o f crum bs a tta in ed )

Chernozem-smolnitza Cinnamonic forest

^ 6 0  RlO K40
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The cellulolytic activ ity  was 
m uch higher in the tilth  top  
of the soil as com pared to  the 
subsurface layer of b o th  soils 
s tud ied  which correlated  w ith 
the higher n itra te  q u an tity  in 
the former.

The g reat im portance of the 
mobile nu trien ts  for enhancing 
the m ineralization of the  organ
ic m atte r in th e  soil was 
confirm ed by the d a ta  on the 
changes occurring in the num 
ber of cellulolytic bac teria  and 
the  cellulose-decomposing ac tiv 
ity  of the soil. According to  
the  results obtained, there is 
a definite correlation between 
the content of mobile n u tr i
en ts in the soil and  the in ten 
sive developm ent of celluloly
tic bac teria  and  the cellulose- 
decomposing ac tiv ity  of the 
soil. The higher con ten t of 
mobile nitrogen (NO~) and 
phosphorus (P 20 5) forms is correlated  w ith th e  higher num bers o f cellulolytic 
bac teria  and  higher percentage of cellulose broken down in the  soil.

Applying higher m ineral fertilizer doses intensified the microbiological 
processes, re la ted  to  the m ineralization of the organic m atter, thus favouring 
the creation of more favourable conditions for p lan t growth.

According to  the maize yield results, the higher m ineral fertilizer doses 
resu lted  a higher yield increase. This is closely correlated w ith the more 
intensive developm ent of the cellulolytic bac teria  and  increased cellulose- 
decomposing activ ity .

The following conclusions m ay be draw n:
1. H igher m ineral fertilizer doses stim ulated  the num ber of cellulolytic 

bac teria  and  cellulose-decomposing ac tiv ity  of the chernozem  sm olnitza 
and  cinnam onic forest soils.

2. There is a certain  correlation between the con ten t of mobile soil n u trien t 
and  the intensive developm ent of the cellulolytic bac teria  and the cel
lulose-decomposing activ ity  of the soil.

3. The higher cellulolytic soil ac tiv ity  is correlated  w ith  higher maize yields 
suggesting th a t the cellulose-decomposing capacity  index reflects cor
rectly  the  changes in the soil following fertilization.
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Fig. A. C hange o f th e  cellulose-decom posing 
a c tiv ity  of th e  soil as affected b y  m in era l fe r
tiliz a tio n . (A) chernozem -sm oln ica, (B) c in n a 

m onic  fo rest

SUM M ARY
D ata  are presen ted  on the effect of the application of various doses of 

m ineral fertilizers, viz.: N e0P 40K 40; N 120P 80K S0 and  N 240P ir,nK 1(i0 on the 
developm ent of cellulolytic bac teria  and  in tensity  of cellulose decom 
position.
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Two soil types were studied: leached ehernozem -sm olnitza and leached
cinnam onic forest soil.

R esults allow for the following inferences:
1. Mi neral fertilizers applied in higher doses have a stim ulating  effect on 

the num ber of cellulolytic bac teria  and  cellulose-decomposing activ ity  
of the ehernozem -sm olnitza and  cinnam onic forest soils. This stim ulative 
effect is more characteristic in the cinnam onic forest soil.

2. There is a definite correlation between the con ten t of mobile nu trien ts 
in the soil and  the intensive developm ent of the cellulolytic bac teria  and  
the cellulose-decomposing activ ity  of the soil.

3. The higher cellulose-decomposing ac tiv ity  of the soil is correlated  w ith 
higher maize yields which is a good reason for supposing th a t  the cel
lulose-decomposing ac tiv ity  index correctly reflects soil changes a t 
fertilization.
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TRANSFORMATION OF CARBON-CONTAINING 
SUBSTANCES IN SOILS OF CENTRAL SIBERIA AS 
CHARACTERIZED BY THE CELLULASE ACTIVITY

V. P. KlSLITSINA
DEPARTMENT OF BOTANY, PEDAGOGICAL INSTITUTE, IRKUTSK, USSR

In the course of recent years two independent trends have branched out 
in modern soil microbiology: 1) investigation of microbe varieties in the 
soil and of regularities governing their ecologo-geographic distribution, 
2) investigation of biochemical processes going on in the soil under the 
influence of microorganisms.

The destruction of plant residues falling into the soil happened by en
zymes. As cellulase is one of the dominant substances that get into the soil, 
the study of its transformation processes caused by microorganisms is 
of undoubtedly great interest and as for the cellulose disintegration inten
sity, it can be measured by the soil cellulolytic activity.

The au th o r has investigated  the cellulase activ ity  in the soils of Central 
Siberia and in the m icroorganism  cultures isolated from  these soils. The 
te s t in question m ay serve as an index of m ineralization in tensity  in p lan t 
substances in the soil (K islitsina 1966, 1968). The objects of investigation 
were soil sam ples from  the m ountain and plain-grown ta iga  as well as 
from  the steppes.

The cellulase activ ity  was m easured by the colorim etric m ethod, w ith 
the use of anthrone, from  the q u an tity  of glucose (the final p roduct of hvdro- 
lvsis), which is form ed as a resu lt of cellulose m ineralization (K islitsina 
1966).

The in tensity  ra te  of the cellulose m ineralization in different soils of Cen
tra l Siberia reflects the general direction of the mobilization processes in 
the soil and  m ay testify  to  the level of the  soils being provided w ith ava il
able forms of carbon (Kozlov and  K islitsina 1967).

As was form erly established, the cellulase ac tiv ity  increases from  N orth  
to  South and  from  the m ountain-grow n ta ig a  soils to  the steppe soils 
(K islitsina 1966).

Most likely the excess moisture and the shortage of heat in the moun
tainous regions, the long-term seasonal soil freezing and the phenomena of 
cryogeneity create conditions hindering the physiological activity of 
microflora, which results reduction of cellulase activity and, hence, a 
repression of organic substance disintegration in the soils of Siberia.

There are conditions prom oting the  developm ent of microflora in general 
and  the  cellulose-decomposing microflora in particu lar, we can observe 
edophotope concentration by exoenzym es and  grow th of exoenzym ic 
ac tiv ity  causing intensification of organic substance m ineralization p ro 
cesses. I t  is characteristic to  a higher degree of the southern ta iga  soils and 
to  a lesser degree of the steppe soils.
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A change in the cellulase activ ity  in the course of tim e depending on 
oscillation of hydro therm al factors of the medium has been established. 
Thus tw o m axim a in the enzymic ac tiv ity  — the late spring m axim um  and  
the au tum n m axim um  — can be observed in the steppe soils of Zabaikalye. 
They coincide w ith the q u an tity  of cellulose-decomposing microorganisms 
which are chief producers of cellulases in the  soil. A sharp  drop of enzymic 
ac tiv ity  and  a decrease in the q u an tity  of microorganisms which are re 
sponsible for the  cellulose decomposition in the soil are observed in these 
soils in sum m er.

The above phenom enon in the conditions of the Z abaikalye steppes can 
be first of all explained by the m oisture shortage in the soil which hinders 
the developm ent of microflora and  consequently leads to  an insignificant 
organic disintegration in summer.

The cellulose-decomposing microorganisms which are capable of p roduc
ing exoenzym es (cellulase) and  which partic ipa te  in the  transform ation  of 
organic substances in the  steppe soils include: Pénicillium, Chaetomium 
globosum, Chaetomium spirale, Aspergillus fumigatus, Aspergillus niger, 
Alfernaria tenuis, Trichoderma lignorum, Dematium sj>. Fusarium sporo- 
trichioides, Rhizopus nigricans; the A ctinom ycètes including Actinomyces 
roseus, Actinomyces griseus, the bac teria  including Sporocytophaga myxo- 
coccoides. P artic ip a tin g  in d isintegration of organic substances and  for
m ation of cellulases in the soils of the southern  ta iga  are cellulose-decom
posing m ushroom s: Dematium, Trichothecium, Chaetomium, Alfernaria, 
Mucor, Trichoderma, Pénicillium, Stemphylium; the dom inant varie ty  of 
actinom ycètes being Actinomyces griseus ; the  bac teria  including Sorangium.

Investigation  of the cellulase ac tiv ity  in the soils of different landscapes 
has brought o u t a general tendency  of all soils subject of investigation a 
decrease in the  activ ity  w ith  the depth . This phenom enon is associated 
w ith  a sharp  decrease in the  q u an tity  of vegetation and  root residues across 
the soil profile w ith  accum ulation of mobile forms of nitrogen (chiefly in 
the upper soil levels) which is of g reat im portance for the activ ity  of cel
lulase — for the decomposing organisms.

Investigation  of litte r  and  its differentiation into fractions (moss -f- A 0, 
A 11, A 111 — for all fractions) b rough t ou t the following regularity : the 
highest ac tiv ity  of cellulases is shown by the fraction “ moss +  A 011. Most 
likely it is here th a t  the organism s process the greatest q u an tity  of organic 
substance in the form  of various carbohydrates including glucose and an 
accum ulation of th is substance in the layer “ moss -\- A0” is going on. 
Therefore the highest cellulase activ ity  is observed here. This ac tiv ity  m ay 
serve as an index of organic substance disintegration ac tiv ity  in the soil 
under the  influence of m icroorganisms producing cellulases (Table 1).

Investigation  of interconnection of edificatorv varieties of p lan ts  in the 
ta iga  zone, the  soil m icroflora an d  the cellulase activ ity  in the  soils showed 
th a t  the m ain role in disintegration of organic substances in the  southern 
ta ig a  soils belongs to  mushroom s and  bacteria  and, to  a lesser degree, to  
actinom ycète.

Table 2 shows th a t  the cellulase ac tiv ity  in the rhizospheric soil is the 
highest under raspberry  and the lowest under curran t. The proportion of 
cellulose-decomposing mushrooms, bac te ria  and  actinom ycètes varies de
pending on the investigated  p lants. The cellulase ac tiv ity  is well correlated
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Organic substance disintegration in tensity in  the litter 
as exem plified by cellulase activity

T able 1

Cellulase activity in milli-units, ml/min

Description of fraction litter fractions  
Moss +  A0 AS AS"

Spruce-fir fine grass 0 .3 6 0.21 0 .2 5
Spruce-fir diverse grass 0.21 0 .1 8 0 .1 4
F 'ir-horsetail-sedge 0 .2 0 0 .1 9 0 .1 2
Spruce-cedar-fir fine grass 
F ir-spruce w ith cedar, diverse

0.21 0 .1 6 0 .1 4

grass 0 .8 0 .0 6 0 .0 1
Spruce-fir-w oodreed 0 .2 4 0 .1 0 0 .0 9

T able 2
The quantity  of cellulose-decomposing m icroorganisms in  the 
rhizosphere of dom inant varieties of p lants in  the southern 

taiga and their cellulase activity

Plant
Number of microorganisms in % per 1 g of soil Cellulase activity 

in milli-units 
ml/minmushrooms i bacteria actinomycètes

C u rran t 2 .0 4 1 0 .2 0 8 7 .7 2 0 .0 3
R asp b e rry 4 2 .8 4 6 8 .3 4 8 .2 6 0 .1 5
Sedge 6 .1 2 13 .2 6 9 .1 8 0 .0 7
F ir 4 .0 8 4 3 .8 6 16 .22 0 .0 6
W illow 3 .1 1 6 .1 2 6 0 .1 8 0 .0 4

w ith  the  to ta l q u an tity  of cellulose-decomposing m ushrooms bo th  in the 
steppe soils, the ta iga soils and  in litter.

The m ateria l ob tained  in the course of investigation is undoubted ly  ind i
cative of the fact th a t  an essential role in the organic substance tran sfo r
m ation is p layed by m icroorganisms and  their enzymes. The exam ple of 
cellulase ac tiv ity  shows the direction and  in tensity  of m ineralization of 
carbon-containing organic substances th a t belong to  the p lan t kingdom .
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LIGNOLYTIC ACTIVITY IN SOILS 

F. M a n g e n o t  a n d  O. R e i s i n g e r

LABORATORY OF BOTANY OF T H E  UNIVERSITY, NANCY, FRANCE

I t is highly probable that the lignified materials embedded in the soil 
undergo degradation processes which are like those already known in the 
corresponding literature. These are:

1) The brown ro t and  soft rot, during which cellulose is decomposed 
while lignin is tu rn ing  slowly into dark  products.

2) The w hite ro t in which all wood com ponents are equally destroyed, 
lignin giving rise to  biologically active phenolic monomers.

The d istribu tion  of bo th  kinds of ro t in the soils are a t  p resen t alm ost 
unknown and  we propose here the use of a new technique which m ay afford 
some inform ation abou t these processes.

M E T H O D

In  glass-jars (250 ml) 3 g leached saw dust, a piece of beech tw ig 4 cm 
long, a glass fibre bag containing 8 g leached saw dust were placed. The 
la tte r  was p repared  by  autoclaving (1 hour) a m ix ture of beech saw dust

Tabló 1
M a in  characteristics of experim ental soils and plant cover

Xo Soil type Parent rock pH Plant cover

T x Podzol (Alios) S andstone 3.4 P in n s silvestris,

FSM Podzolic soils L oam 3.6

Calluna vulgaris 

Quer eus sessiliflora

FSC
( Pseud ogley) 

Podzolic soils Loam 3.6
Calluna vulgaris 
Ca lluna vulgaris

BFN’

(Pseudogley)

R endzina T erra  fusca 7.9 Fagus silvatica

B FS B row n forest soils,

+  Colluv. 

T erra  fusca 4.3 to  5.2 Fagus silvatica
(near B FN ) 
NSC

leached
B row n forest soils, T erra  fusca

F raxinus excelsior 
Fagus silvatica

XSE
leached

B row n forest soils, T erra  fusca
C arpinus hetulus 
Picea ahies

(near XSC) 

Mp B row n m ed iterranean Lim e 8.0 Quercus ilex

10*

soil Colluvium Hedera helix
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and  w ater (1/10 w/v), filtering and  w ashing off w ith  cold distilled w ater 
un til the filtrate become colourless. The glass jars were then  sterilized using 
ethylene oxide.

A fter elim ination of the volatile tox ican t abou t 125 ml. of soil previously 
freed from  organic debris (roots, leaves) were p laced  b en eath  the saw dust 
bag. The la tte r  was cu t open, the saw dust m oistened w ith 15 ml w ater 
and m oulded in to  a cake whose surface was easily observable th rough the 
ja r cover.

The soil was sa tu ra te d  to  its w ater holding capacity . A t frequent in tervals 
the in itia l w eight was restored  by adding some distilled w ater. A t the 
same tim e the colour of the saw dust and  presence of fructifications were 
noted.

8 forest soils were used m ost of which are located in E astern  France, 
the o thers in the  v icin ity  of P aris (FS1VI, FSC) or M ontpellier (MP) (Table 1).

F or each soil 20 sam ples of the upper layer (A0, Ax horizons =  0 — 5 cm 
deep) an d  20 sam ples of A 1; C, A 2 or Bx horizons (depth  15 — 20 cm) were 
studied.

R E S U L T S

Fungal flora. D uring the  incubation process the saw dust cakes were 
frequen tly  exam ined and  from  tim e to  tim e some pieces of saw dust were 
tak en  out and  cu ltured  on n u trien t m alt agar. D irect observation showed 
the presence o f sterile mycelia, Dematiaceous fungi (Phragmosporeae) 
and  discolouration of the cake associated usually w ith  clamp bearing m yce
lia. On the culture p lates grew common fungi such as Trichoderma, Péni
cillium, Cephalosporium, Chaetomium. The isolation in pure culture of the 
species observed on the cakes was often difficult and  som etim es impossible.

A fter 18 m on ths’ incubation the  cakes were tak en  out and the  beech 
tw igs picked from  the soil, whose rem nants were w ashed away. F inally  
the tw igs were split lengthwise and  incubated  on m oistened sand for direct 
observation. On the  o ther hand small pieces of wood were taken  aw ay 
and  subcultured.

The results indicate the ra rity  of dem atiaceous fungi, and the frequency 
of sterile mycelia, Xylaria polymorpha and  white ro t fungi, the la tte r  
being often  more common th an  on the corresponding cakes.
110 cakes ou t of 308 stud ied  were more or less discoloured and  their d is
trib u tio n  is p resen ted  in Table 2.

Lignolytic activity. A t the end of the experim ent the cakes were dried 
a t 105 °C and  weighed. The percent loss of weight (W) gives a figure for 
the to ta l b iodegradative activ ity .

Then the lignin content was measured by a modified Klason method. 
From the residue, ash and “proteins” we re deduced and the rest calculated 
as percent of initial lignin gives a figure (L) for the lignolytic activity.

F inally  the relative lignolytic ab ility R -  X 100w gives inform ation

on the ro t-type prevailing in the soil u nder study . The average value for 
R  is abou t 100 in the typ ical w hite ro ts induced by  Basidiom ycetes and 
75 in the case of Ascomycetes.

148



The num ber of the discoloured cakes according to 
soil type and group of fu ng i

T able 2

Soil and depth, cm

Mul soils

Soil and depth, cm

Moor soils

Basidio-
mycetes

Asco
mycètes

Basidio-
mycetes

Asco-
! mycetes

M P 0 - 5 , FSC 0 -  5 9 none
1 5 - 20 1 15 20 4 none

BFS 0 - 5 5 1 Tx 0 5 9 none
1 5 - 20 7 2 15 20 4 none

xsc 0- 5 2 4 FSM 0 -  5 2 none
15 20 3 4 15- 20 2 none

B FN 0 - 5 6 7
1 5 - 20 4 7

N SE 0 — 5 11 4
15—20 6 5

The values of \V and  L show broad  variations inside bo th  horizons and  
for each soil and  we a ttem p ted  to  divide their values into 5 classes. These are : 

A =  0 to  9 %, very  weak loss,
В =  9 to  18%, weak loss,
C =  18 to  36% , middle average loss,
D =  36 to  60% , heavy loss,
E  >  60% , very heavy loss.
I t  became possible to  represen t the lignolytic ability  of a soil by  the re la 

tive frequency of the d a ta  in each class. The results as expressed in Table 3 
are as follows:

1. Total activity: our d a ta  are in accordance w ith the curren t ideas.
In  the  upper layer, the ac tiv ity  of brown soils and  rendzina are quite 

high (40 to  70%  sam ples in D class); they  are very  weak in the podzolic 
soils, m ost of the sam ples belonging to  classes В and  C.

Exception m ust be m ade for a  brown soil under spruce (NSE), in which 
C class is dom inant and  for a podzolic soil under Calluna (ESC) in which 
tw o m axim al frequencies are found: one (50%) like th a t  in the  homologue 
soil under oak (ESM) for В and  C classes and  the second in E  class (40%).

In  deeper layer, biological ac tiv ity  is lower: the m axim al frequencies 
are commonly found one class lower th an  in the corresponding upper layers. 
This effect is most ev iden t in NSE under spruce (2 classes lower) and  in 
the soil under Calluna (FSC) which comes closer to  the nex t and  very  poor 
podzolic soil FSM.

2. Lignolytic activity. In  each soil and  horizon the varia tions of this 
ac tiv ity  are parallel to  those of the to ta l ac tiv ity , although keeping one or 
two classes lower. In  the upper layer, the dom inating categories are A in 
two podzolic soils (Tx and  FSM) and  В or C elsewhere. The E  class comprises 
a m axim um  of 15% of the individual d a ta  excep t under Calluna (FSC) 
where th is figure rises to  30% . In  the deeper layer the results are alm ost
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T a b le  3

The num erical characteristics of the lignolytic activity of 
the investigated soils

Soil horizon 
and depth, cm

\V/L R

0/9 9/18 18/36 36/60 60 I II 111

Mp 0 - 5 W 0 0 15 55 30
L 10 20 55 15 0 13 80 7

15—20 W 0 30 35 25 10

L 3o 30 20 0 20 13 60 27

BFS 0 — 5 (A,) W 0 5 10 70 15
L 5 35 40 15 5 10 75 15

15—20 (AjC) W 0 10 45 40 5
L 35 30 30 0 5 20 65 15

NSC 0 — 5 (A,) W 0 5 15 40 40
L 15 10 40 10 15 35 40 25

15—20 (Aj) W 15 35 40 10 0
L 60 25 10 5 0 45 30 25

B FN  0 -  5 (A,) W 0 0 20 50 30
L 20 30 25 10 15 35 45 20

15—20 ( A jC) W 0 0 40 55 5
L 40 35 20 0 5 65 25 10

NSE 0 — 5 (A,) W 5 0 55 20 20
L 20 35 25 10 10 10 55 35

15—20 (A,) W 55 5 30 10 0
L 55 10 20 5 10 25 20 55

FSC 0 -  5 (A0/A,) VV 5 25 25 5 40
L 15 35 10 10 30 15 20 65

15- 20 (B,) W 70 10 20 0 0
L 70 10 0 15 5 55 10 35

Tx 0 -  5 (A0/A,) W 10 20 50 15 5
L 60 20 10 10 0 55 25 20

15 20 (A,) W 25 50 25 0 0
L 90 5 0 5 0 85 5 10

FSM 0- 5 (A0/Aj) W 15 40 40 5 0
L 65 20 15 0 0 45 35 20

15—20 (B,) W 85 5 5 0 5
L 70 20 5 0 5 45 5 50

N o te s : C o lu m n s W /L  a n d  R  =  n u m b e r  o f  sa m p le s  in %  o f  th e  to ta l .  
C o lu m n  M  =  a v e ra g e  loss,

W  =  loss o f  w e ig h t,
L  =  loss o f  lig n in .

M

53.5
20.3

33.3
23.5

49.3
25.5

38.8
18.6

51.6
30.7

20.7 
10.0

51.3
26.3

40.3
15.2

37.9
26.3

17.8
16.5

41.8 
34.2

15.6
13.4

25.8
12.4

14.5 
4.1

19.5 
8.4

8.7
8.0
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equally  d istribu ted  am ongst the A, В and  C classes in t lie m ost active soils 
(Mp, BFS, BFN), class A being strongly  dom inant in the  podzois (Tx. 
FSM).

3. Relative lignolytic ability. We recognize here only th ree different 
classes :

1 from  0 to  30, 11 from  30 to  65 and 111 over 65. For 80% , the noticeable 
white ro ts are to  be placed in the I I I  class, b u t in some sam ples where the 
fungus appears la te r or grows poorly, the R  value varies from  30 to  50.

On the  o ther hand, by  some sam ples whose to ta l ac tiv ity  is very  low (A 
class) the values of R  rise to  100 or more w ithout any  visible discolouration. 
This is the  case for the deep layer of NSE soil where lignivore agents are 
frequen t bu t also of FSC and  FSM where they  are less common.

We therefore adm it th a t  lignin is split more or less quickly in the soils 
where class 111 sam ples are num erous. This is the case for the A , horizon 
of NSE under Spruce and  FSC under Calluna (35 and  65%  resp. in class 
I I I ) .  Elsewhere in the upper layers of hardwood forest soils th e ir frequency 
lowers to  15 — 20%  w ith a m inim um  of 7%  in the brown m editerranean 
soil (MP).

R  is higher in deep horizons of poor soils (35 to  65%  in class I I I  of FSM. 
FSE , NSE) but also in the highly active soil MP (27%).

C O N CLU SIO N S

The suggested m ethod allows the recognition of significant differences 
am ong the stud ied  soils, regarding their to ta l and  lignivore activities. 
The first group comprises the leached brown soil under hardwoods and  the 
rendzina, the ac tiv ity  of which is well-balanced and  ra th e r high in the deep 
laver. Close to  it is the brown m editerranean soil, bu t the lignivore agents 
are very sparse: actually  we do not know w hether their absence is a general 
characteristic of th is soil type or is re la ted  to  the peculiar place studied.

The second group includes podzolic soils whose activities are weak even 
where lignivores are present. T hey are weaker in the deeper layer although 
lignin is som etim es as quickly destroyed as cellulose.

B oth  soils under Spruce and  Calluna keep partia lly  the same charac teris
tics as those located in the vicin ity  b u t under hardwood. H ow ever they  
show a higher lignivore ac tiv ity  (average R  =  70 in the upper layers; 
100 in the deeper).

These conclusions are based on the stu d y  of only 8 stands for 3 years. 
I t  would be desirable if this m ethod could be applied to  a larger num ber 
of soils in order to  set off general laws.

SUM M ARY

A trapp ing  m ethod using w ate r-ex tracted  beech saw dust and  beech 
twigs is proposed for the search for w hite-rot fungi in the soil. I t  perm its 
also evaluation of the biological ac tiv ity  (W) as to ta l loss of weight of 
saw dust, the lignolytic ac tiv ity  (L), as loss of lignin in the saw dust, and  
the relative ability  (R) of a soil to  degrade lignin, as figured bv the quot ient

R  =  —  100.
W
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F rom  the results ob tained  it  appears th a t:
1. E very  soil contains w hite-rot fungi b u t their abundance is variable. 

T hey belong usually  to  Basidiomycetes b u t Xylaria  spp. are also im por
ta n t  in certain  soils. Beech twigs are more effective in trapp ing  the la tte r  
and  saw dust the former.

2. The individual values for R  range respectively from  80 to  120 or 
from  25 to  40 in  the  presence or absence of w hite-rot fungi.

3. Am ongst 10 forest soils (podzols, brown soils, rendzinas) the mean 
R  values range from  40 to  70 b u t the significance of these differences seems 
generally low and  will be stud ied  later.

4. In  m ost cases biological ac tiv ity  seems to  be the main facto r govern
ing the lignolytic activ ity . Both values are less in podzol and higher in the 
brown forest soils under hardwood b u t no t under spruce. The highest mean 
R -value was found in a  podzolic soil under heather.
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S y m p . B iol. H ung. 11, pp . 1 5 3 -1 5 8  (1972)

STUDY OF THE FORMATION OF MELANOID 
PIGMENTS BY SOME ACTINOMYCETES AND 

MICROSCOPIC FUNGI

F. G u l y á s

RESEARCH IN ST IT U T E OF SOIL SCIENCE AND AGRICULTURAL CHEM ISTRY 
OF TH E HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST, HUNGARY

There are m any com m unications dealing w ith  the biological and biochem i
cal problem s of p igm ent synthesis. According to  the results of Mason 
(1956), C rom artie and  Mason (1957), Bull and  F au lkner (1964), Douglas 
and  San-Clem ente (1956), K ang  and  Felbeck (1965), M encher and  Heim
(1962) , Schanel (1967), Zenova (1965, 1968), am ong the soil m icroorganisms 
there are m any such organism s which form  and  excrete dark coloured 
pigm ent m aterials in their surroundings. These m aterials are form ed in 
the  tyrosine-containing medium  as a  resu lt of the quinone-type transfo rm a
tion or from  the arom atic com pounds syntheth ized  by microorganisms w ith 
o u t in troduction of tyrosine. On the basis of these, the pigm ent-form ing 
microorganisms are separated  in to  two main groups in the lite ra tu re .

In  the  first group are listed the m icroorganisms which synthesize melanin 
only in the protein- or tyrosine-containing medium. The organism s belonging 
to  the second group form  pigm ents in the synthetic  m edium  w ithout add i
tion of tyrosine.

In the last case the microorganisms synthesize melanin as their own prod
ucts having aromatic or quinone bases. According to Kiister’s findings
(1963) some actinom ycètes can form  m elanin from  antib io tic products 
w ith  quinone bases. H aider and  co-workers (1965), H u rst (1967) supposed 
th a t  the arom atic com pounds form ed in the course of m etabolic processes 
as well as the arom atic lignin derivatives m ay be melanin sources under 
appropriate  conditions.

The o ther basic condition of the synthesis of the  m elanin type m aterials: 
the presence of the  phenoloxidase ferm ents. The main role in these p ro 
cesses is a ttr ib u ted  to  the tyrosine and  laccase ferm ents which take p a r t  in 
the  synthesis of m aterials having other quinone units, like e.g. hum ic 
acids too.

M E T H O D S A N D  M A T E R IA L S

Among the  factors influencing the p igm ent synthesis the  role o f N- 
sources was investigated  in detail. The physico-chemical properties of the 
pigm ent m aterials separated  from  the cu ltural m edium  were also studied. 
They were characterized by the determ ination  of th e ir UV absorption 
spec tra  as well as th e  separation of the p igm ent fractions chrom atogra- 
phically.

P igm ent-form ation of 5 ray  and  5 microscopic fungi was studied in our 
experim ents. The m icroorganisms were incubated  in a liquid Czapek medium
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modified in its com position. I t  contained 2%  glycerol, C-sources and  dif
ferent N-sources according to  the trea tm en ts. N-sources were tyrosine, 
yeast ex tract, glycine, N a N 0 3 and  in the fifth varian t also N a N 0 3 as 
N-source b u t in this case 0.02%  syringaldéhyde was added to  the medium 
as a supplem entary  C-source. 500 ml E rlenm eyer flasks were used in which 
100 ml n u trien t m aterials were m easured. The inoculations were carried 
out w ith the same am ount of spore-suspension of fungi and ray  fungi. 
The standing  cultures (w ithout shaking) were incubated  a t 28 °C for 4 
m onths. At the end of the incubation the liquid was separated  from  the 
mycelin by filtration.

The pigm ent m aterial in the culture liquid was p recip ita ted  w ith HC1 
according to  the m ethod referred  to  K ü ster (1963) — a fte r it was separated  
from  the medium  by centrifuging and it was w ashed w ith distilled w ater 
in the centrifuge tubes. The precip ita tion  was ex trac ted  w ith n-butanol 
and  the fraction soluble in n-butanol was m arked as m elanine m aterial 
which was used for fu rth e r investigations. The phenoloxidase was dem on
s tra ted  w ith the p la te -test m ethod. The microorganisms were incubated 
in the above-m entioned medium, containing 2%  agar-agar in th is case. 
The tyrosine and  laccase were eva lua ted  on the basis of reactions form ed 
w ith  specific substrates.

The in tensity  of melanin form ation was eva lua ted  by the m easurem ent 
of the optical density  of the culture liquid. The m easurem ents were made 
w ith  spectrophotom eter a t 540 nm  w avelength. The pigm ent m aterial was 
determ ined w ith UV spectrophotom eter at 240 — 360 nm. The separation 
of m elanin fractions was carried ou t by chrom atographic m ethod, using 
W hatm an  No. 1 paper. The solvent system  was n-butanol :acetic acid:wa- 
te r  2:1:1.

R E S U L T S  A N D  D ISC U SSIO N

On the basis of the experim ental d a ta  the m elanin production was the 
m ost intensive in the medium  containing yeast ex trac t and  tyrosine. 
In  the  presence of these two N-sources the condition of the in ten 
sive developm ent of m ycelia was given, which stim ulated  the synthesis 
of the phenoloxidase ferm ents. B u t the oxidizable phenol-com pounds were 
available alm ost unrestric ted ly  too.

In  the m edium  containing glycine, only five ray  fungi and  th ree m icro
scopic fungi form ed m elanin intensively. The m elanin production of 
the L-6 m arked Fusarium  and  the Ksz-14 Pénicillium  strains was consid
erably  smaller. The ra te  of grow th was satisfactory  in this case too, bu t 
supposingly these fungi form  arom atic com pounds only to  a lesser ex ten t. 
In  the presence of N a N 0 3 as N-source, a sm aller am ount of m elanin formed 
th an  in the medium  containing glycine. The addition of syringaldéhyde 
into the medium increased the melanin production. This indicates th a t 
the syringaldéhyde added  to  the m edium  in teracting  w ith  phenoloxidase 
becomes melanin. The m elanin-tvpe transform ation of the arom atic lignin 
derivatives according to  H aider’s (1965) and  Mason’s (1955) pub li
cations takes place w ith  phenoloxidase ferm ents in the presence of amino 
acid or protein-m etabolic products. The am ino acids or p ro tein  hydrolv-
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sates in te rac t w ith the  oxidizable phenolic m aterials and  as a result of this 
in teraction  nitro- and d in itro-phenyl com pounds are form ed. F rom  the 
m entioned com pounds m elanin or a hum in-like product m ay be form ed by 
m eans of oxidation, condensation and  polym erizations.

I t  appeared  from  the d a ta  of the spectrophotom etric m easurem ents 
th a t  the absorption m axim um  of the m elanin type pigm ents of the inves
tig a ted  ray  and  microscopic fungi is in the 268 n m —280 nm  region. 
The absorption curves show a well-expressed, characteristic peak in the 
ban d  of the absorption m axim um . In  the form er the  sm aller and  less 
expressed second peak was observable in the pigm ent spectrum  of the L-5 
m arked Pénicillium  and 1 — 56 m arked Streptomyces, in the 290 — 300 nm  
region, bu t only in the case when glycine or yeast ex trac t was the N- 
source. In  the light spectrum  of the pigm ent of 4 —25 m arked Streptomyces 
stra in  two absorption m axim a were noticeable, b u t likewise only in case of 
glycine or veast ex trac t N-sources. The peaks were found a t 270 and  279 
nm . The trea tm en ts  cause a sm aller displacem ent of the absorption m axi
m a which is rep resen ted  on the spectrum  taken  from  the m elanins of 
o ther m icroorganisms.

Figures 1 and  2 dem onstrate  the UV absorption curves of the melanin 
p roducts received from  the culture m edium  of the P-511 m arked Pénicillium,

О т  I ------- - T ........... [ - -  I ........... I------------- T -

220 260 300 340
mp

Fig. 1. T he U V  ab so rp tio n  o f th e  p ig 
m en ts  o f P én ic illium  sp . P . fun icu lum  
series (No. P -51 Í) in cu b a ted  in  th e  p re 
sence o f d ifferen t N -sources. 1 =  Y east 
ex tra c t, 2 =  T yrosine, 3 =  G lycine, 4 =  
N a N 0 3 -f- sy ringaldéhyde , 5 =  N a N 0 3

_  0i-----1----- :----- !----- : — 1------
220 260 300 340

mg

Fig. 2. T he UV ab so rp tio n  cu rves o f th e  
p igm en ts  o f th e  Streptom yces sp. series 
Ghartreusis (No. 2—40) in c u b a te d  in  th e  
presence o f d ifferen t N -sources. 1= ( llycine, 
2 =  Y east ex tra c t, 3 =  T yrosine, 4 =  
N a N 0 3 T  sy ringaldéhyde , 5 =  N a N 0 3
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T able I
The form ation of m elanin-type m aterials and the R eva lues of the 
m elanin  fractions on. the m edium  containing different N -sources

Laboratory 
marking of 
the investi
gated micro

organisms

IS1 -source

Ef values of the melanin fraction

Brown Yellowish
brown Bed Yellow Brownish

red Pink Yellow

Tyrosine 0 .0 0.07 0.77
S - 9 Y east extract 0 .0 0.17 — 0.56 —

Glycine 0 .0 0 .2 2 0.77 — 0.56 0.94

Tyrosine 0 .0 0.07 — • 40 — —

M -  60 Yeast extract 0 .0 0.14 0.7S 0.87 - — —
Glycine 0 .0 0.01 0.40

Tyrosine 0 .0 0.07 — — — — —

1 -56 Yeast extract 0 .0 0.17 0.79 0.85 _ —
Glycine 0 .0 0 .2 0 — 0.56 0.93

Tyrosine 0 .0 0.09 0.36 —

2 40 Yeast extract 0 .0 0.14 0.85
Glycine 0 .0 0.1 0.83 0.93

Tyrosine 0 .0 0.07 0.76 —

4 15 Yeast extract 0 .0 0.55 —
Glycine 0 .0 0.05 0.87

Tyrosine 0 .0 0.1 0.87 0.57
L -1 Yeast extract 0 .0 — — 0.87 0.56 _ _ 0.93

Glycine 0 .0 0.32 — 0.85 0.56 — 0.93

Tyrosine 0 .0 0.07 — — —

L —5 Yeast extract 0 .1 2 0.26 — 0.85 0.56 —

Glycine 0.11 0.25 0.70 — — — 0.92

Tyrosine 0 .0 0.06 — — 0.43 —

Ksz 14 Yeast extract 0.07 0.11 — — 0.55 — 0.95
Glycine 0.11 0.35 0.87 0.52 — 0.98

Tyrosine 0 .0 0.06 — 0.36 — —

P  -511 Yeast extract 0.07 0.25 0.87 0.57 — 0.95
Glycine 0 .11 0.30 0.84 0.56 — 0.93

Tyrosine 0 .0 0.05 — ----- - — 0.94
L - 6 Yeast extract 0 .0 0.70 — — 0 .6 8 0.90

Glycine 0.1 0.70 0.67 0.90
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and  2 — 40 m arked Streptomyces strains which were incubated  on m edia 
containing different N-sources.

The com position of the m elanin-type p roducts of the  m icroor
ganism s were investigated  by m eans o f chrom atographic m ethod. In  Table 
1 the R f values of the  different coloured fractions are shown which are 
separable in the applied n-butanol: acetic acid: w ater solvent system .

The pigm ents of the m icroorganisms grow th on a m edium  containing 
tyrosine as N-source could be separated  into tw o or th ree fractions, especially 
dark  brown, yellowish-brown, red  or brow nish-red fractions. Yellow frac
tion was no t form ed w ith  the exception of Aspergillus cnndidus (L -l). 
The m elanin product of the microbes was separated  into four or more frac
tions. Besides the  brown, yellowish-brown and  brow nish-red fractions, a 
yellow fraction  was found in every case, som etim es in two separated  spots. 
The studied m icroorganisms synthesized lactase-type polvphenoloxi- 
dase; six of them  produced tyrosinase too. Some correlation could be ob
served between melanin synthesis and  phenoloxidase activ ity . The lactase 
and  tyrosinase form ation of the m icroorganisms on the m edia containing 
different N-sources is shown in Table 2.

T a b le  2
Phenoloxidase 'production of a few microscopic and ray fungi on medium  

containing different sources of nitrogen

Name of the investigated 
microorganisms

Гу rosi ne
Yeast

extract Glycine NaXOs Tyrosine
Yeast

extract Glycine NaN03

L a e c a s e T y r o s i n a s e

Streptomyces jlavovirens (S — 9) + + + + +
Streptomyces antibioticus (M — 60) + + + + — +
S ir . sp . series Chartreusis (1— 56) + + + +
S ir. sp . series Chartreusis (2 — 40) + + + + + + +
S tr. sp . series Venezuelae (4 — 15) + + + + —■ + +
A spergilus candidus (L I) + + + + + +
P én icillium  verruculosum  (L 5) + + + + + + +
P énicillium  sp. series P . p u r  p ur о -

genum  (K —sz —14) + + + + —
Pénicillium , sp. series P . fu n icu -

losum  ( P  511 ) + + + +
F usarium  avenaceum var. herbet-

rum  (L — 0) + + + + J- + +

The pigm ent of the investigated m icroorganisms could be ch arac te r
ized as m elanin. This is proved by the d a ta  obtained from  the UV 
absorption m easurem ents, by  the absorption properties of the  synthetic  
D O PA -m elanin or the  dihydroxy-indole as well as by the n a tu ra l m elanin 
of anim al origin. According to  Stein (1955) the U V -absorption m axim um  
of the DOPA-m elanin can be found a t 270 nm , the anim al m elanins a t 275 
nm. The absorption m axim um  of 5 — 6 dehydroxy-indole was detected  
according to  C rom artie and  Mason (1955) a t  270 and  300 nm w avelength.



SUMMARY

The dark  coloured m aterials form ed by the investigated  ray- and  m icro
scopic fungi have m elanin character. The absorption m axim a are in the 
268 — 280 nm  region; the fractions are separable chrom atographicallv : the 
fraction com position depends to  a g rea t ex ten t on the quality  of N-source.

A correlation could be seen between the m elanin form ation and phenol- 
oxidase activ ity .
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RELATIONSHIP BETWEEN THE DECOMPOSITION 
OF GLUCOSE BY SOIL MICROORGANISMS AND 

THE GROWTH CURVE OF E .  C O L I  AS 
INFLUENCED BY CLAY MINERALS

J . N o v á k o v á

DEPARTM ENT OF MICROBIOLOGY, FACULTY OF AGRONOMY,
AGRICULTURAL U N IV ERSITY , PRA G U E, CZECHOSLOVAKIA

I t  has been observed since m any years th a t  the resistance of soil organic 
m a tte r to  biological transform ation  rises w ith  the increasing con ten t of 
clay minerals. E nhanced  biological ac tiv ity  of auto trophic and  heterotrophic 
soil m icroorganisms, the higher am ounts of soil bac teria  and  the higher 
ra te  of th e ir grow th, and  the lesser am ounts of soil fungi were determ ined 
in the presence of a higher am ount of clay m inerals in soil (Zvjagintzev 
1959, S to tzky  1964, 1966, S totzkv and  Rem  1966, S0rensen 1967, E ster- 
m ann and  M cLaren 1959, M acura and Pavel 1959). The effect of clay 
m inerals on soil dynam ics is very  complex. The determ ination  of the to ta l 
am ount of soil clay m inerals and  their individual types, the stu d y  of their 
effect on the enzym atic and  m icrobial ac tiv ity  have become a still more 
im p o rtan t branch  of soil fe rtility  research.

This paper deals w ith  the  effect of two types of clay m inerals, bentonite 
and  kaolinite on the m ineralization of glucose in a m ineral n u trien t solution 
and  on the  ra te  of grow th of E s c h e r ic h ia  c o li cultivated  in the  same media.

M A T E R IA L S A N D  M E T H O D S

0.2 percent glucose dissolved in a m ineral substance containing n u trien t 
solution, was em ployed as the basic medium. The solution contained all 
the necessary biogenous elem ents in appropriate  concentrations (Nováková 
1968). The glucose n u trien t solution was inoculated by soil microflora.

In  the v arian ts  w ith clay, the resulting  suspensions were ag ita ted  for 
8 hours prior to  the addition  of m ineral (biogenous) elem ents and  inocula
tion w ith  the microflora.

0.1, 1.0 and 3.0 percent of Na-bentonite, Na-kaolinite, Ca-bentonite 
and Ca-kaolinite suspensions were used. The fraction of particles less than 
0.2 p  of the Brananv Bentonite and a commercial kaolinite were used.

The soil microflora inoculum  was p repared  as follows: 5 g of a chernozem  
soil were ag ita ted  in 500 ml distilled w ater a t room  tem peratu re  for 24 
hours. The coarse partic les were allowed to  settle  for two hours. 3.0 percent 
of the su p ern a tan t were used to  inoculate the individual flasks.

M ineralization of glucose was studied in continually  ae ra ted  flasks a t 
28 °C. The carbon dioxide evolved was determ ined daily by titra tio n .

Growth curves of E s c h e r ic h ia  c o l i were determined in batch culture 
without aeration at 37 °C. The experimental variant with 3.0 percent of 
kaolinite was omitted because of the rapid sedimentation of the clay
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suspension and  considerable analytical errors in the determ ination  of counts. 
The grow th curves were p lo tted  from colony counts of Escherichia coli 
growing on the m eat-peptone-agar.

RESU LTS AND DISCUSSION

The results of glucose m ineralization are sum m arised in Table 1. The 
daily m ineralization ra te  of all the varian ts  is shown. The effect of clay 
is different depending upon the type, the  concentration and  the k ind  of 
cations absorbed.

All the th ree concentrations of bo th  Na- and  Ca-kaolinite depressed the 
in tensity  of m ineralization of glucose. This depressive effect rised w ith  the 
increased am ounts of the clay m ineral. The g reatest effect of kaolinite on 
the depression of m ineralization was in the first and  in the second day of 
incubation. This con tribu ted  substan tially  to  the to ta l decrem ent in m iner
alization. In  following days, the substra te  m ineralization in kaolinite 
varian ts  did n o t differ m uch from  th a t of the control, a t the end  of the 
12-day incubation being even higher th an  in the control varian t.

The am ount of glucose m ineralized a f te r  the addition to  the solution of 
0.1, 1.0 and  3.0 percen t N a-kaolinite was 81.60, 95.00 and  75.25 percent 
of glucose as com pared to  the  control varian t. The respective concentrations 
of Ca-kaolinite dim inished the  to ta l glucose m ineralization, as com pared 
w ith  the control, to  85.40, 86.40 and  73.20 percent. The concentration of
1.0 percen t kaolinite was the least effective in the depression of substra te  
m ineralization.

The effect of added bentonite on the m ineralization of glucose is n o t as 
simple as th a t  of kaolinite. Small concentrations of bentonite enhanced 
the m ineralization of glucose. The 3.0 percent concentration of bentonite, 
on the contrary , depressed significantly the m ineralization ra te  of glucose.

The m ost pronounced effect of added bentonite  on the increasing ra te  
of m ineralization of the  su b stra te  was observed in the first day of incu
bation. At th is stage also 3.0 percent bentonite increased the m ineralization.
3.0 percent ben ton ite  additions decreased carbon dioxide evolution, com 
pared  w ith the control in following days. On the contrary , the 0.1 and  even 
more the 1.0 percen t concentration of added bentonite  slightly increased 
the am ount of the  m ineralized substra te  during the whole period of experi
m ent.

The results ind icated  th a t the  added clay exhibits the m ost pronounced 
effect in the first phases of incubation. A com parison o f the effect of clays 
on the first steps of carbon dioxide evolution w ith  the bac te ria  grow th would 
be very  in teresting. U nfo rtunate ly , i t  is impossible to  determ ine the grow th 
curve of the overly com plex soil microflora. F or th is reason the Escherichia 
coli culture was used in the following grow th-curves studies. The n u trien t 
m edia including clay additions were identical w ith these in previous experi
m ents.

The d a ta  sum m arised in Figs 1 — 5 and  in Table 2 indicate, th a t  the added 
clays affected the  grow th  curves chiefly in the lag-phase. The effect was 
sim ilar to  th a t in the glucose m ineralization experim ents. The two m ono
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T able 1
The influence of various concentrations of bentonite and kaolinite on the 

m ineralization of glucose by complex soil microflora 
(  mgs of evolved carbon dioxide )

Days of 
incubation

Control
(without

clay)

Na-bentonite Ca-bentonite

0.1 % 1.0 % 3.0 % o.i 1-0 °o 3.0 %

1 19 .04 37.71 3 6 .2 6 5 5 .7 4 35.81 27 .3 9 3 1 .4 0
2 1 11 .57 11 5 .2 5 1 0 6 .7 0 8 0 .5 2 103 .92 4 3 .4 3 64 .7 6
3 50 .47 2 6 .6 0 4 8 .4 6 2 1 .2 0 5 7 .9 5 11 6 .1 0 34 .4 0
4 2 4 .8 5 2 1 .3 6 2 2 .4 3 1 1 .0 4 3 2 .2 5 17 .46 4 3 .3 0

5 15 .55 14 .72 2 4 .1 9 6 .6 7 2 0 .8 6 2 5 .8 0 32.71
о 11 .50 8 .03 10.61 4 .7 2 11.80 14.01 3 .72
7 4 .0 7 9 .4 4 11.93 2 .7 0 8 .2 5 1 7 .48 5 .6 2
S 3 .0 2 5 .5 0 7.43 3.21 4 .4 0 9 .6 9 1.54
9 0 .9 7 4.51 4 .9 3 1.35 2 .0 2 3.41 5 .1 0

10 3 .5 0 2 .6 6 8 .94 0 .8 7 3 .5 4 7 .42 2 .0 9
11 0 .1 0 2 .32 0 .6 2 0 .9 3 0 .5 0 3.91 0 .1 6
12 0 .3 0 1.20 2 .5 5 0.7.5 0 .8 0 3 .4 0 0 .0 0

Z  m g  CO., 2 4 6 .2 0 2 4 9 .3 0 2 8 5 .0 5 1 8 9 .7 0 2 8 2 .1 0 2 8 9 .5 0 2 2 4 .8 0

Days of 
incubation

Control
(without

clay)

Na-kaolinite Ca-kaoliriite

o.l 1.0 % 3.0 % 0.1 "o 1.0 % 3.0 %

1 19 .64 12 .36 8 .0 4 3 .3 5 8 .78 11.87 2 .6 8
2 111 .57 106 .89 9 3 .7 8 6 2 .2 6 9 3 .6 3 106.21 5 5 .9 6
3 50 .47 2 6 .8 2 5 8 .2 4 4 7 .8 5 4 8 .8 7 23 .11 4 9 .3 2
4 2 4 .8 5 19.74 19.78 3 0 .1 6 18 .09 2 1 .2 5 2 5 .7 6
5 15 .55 17 .75 19 .46 15 .98 17 .07 15 .35 15 .72
6 11 .50 11 .97 9 .17 9 .8 7 10 .05 9 .0 8 10 .30
7 4 .6 7 3 .9 6 7 .18 5 .5 4 2 .47 5 .4 8 6 .7 4
8 3 .02 4 .67 6 .1 4 2 .0 9 4 .9 0 6 .1 0 2.41
9 0 .9 7 1.34 5 .6 9 0 .0 0 1.77 6 .4 2 1.66

10 3 .5 0 2 .5 5 3 .87 7 .24 2 .86 3 .0 0 8 .6 3
11 0 .1 6 1 .25 0 .8 5 0 .5 6 1.01 2 .3 3 0 .3 2
12 0 .3 0 0 .5 0 1.85 0 .2 0 0 .4 0 2 .2 0 0 .6 0

U  m g  CO 2 2 4 6 .2 0 2 0 9 .8 0 2 3 4 .0 5 1 8 5 .1 0 2 1 0 .5 0 2 1 2 .4 0 18 0 .1 0

ionic forms of bentonic shortened the lag-phase of the grow th curve of Esche
richia coli. 1.0 percent concentration of bo th  Na- and  C a-bentonite were 
m ost effective.

Lag-tim e of the grow th curve of Escherichia coli in the control varian t 
was 3.52 hours. The addition of 1.0 percen t N a-bentonite lowered the 
value of lag-tim e to  1.2 hours and  the same concentration of C a-bentonite 
to  0.88 hour. The ra te  of grow th and  the grow th yield were sm aller than  
those in the control.
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Fig. 1. T he g row th  cu rve  o f Escherichia c o l i . ------  con tro l w ith o u t
c la y , ------- w ith  0 .1%  N a-b en to n ite , — • — w ith  0 .1%  C a-beton ite ,

y  =  num ber o f liv ing cells, T  =  tim e  (hours)

T able 2
Constants of growth curves of E . coli culture

Variants
Number 

of bacteria 
M • 10«

Growth rate 
It

Lag time 
T,

Growth lag 
L

Mean 
doubling 
time, g

Number of 
cell divisions 
per hour r

Control 2410 1 3.52 3.52 60' 1.00
0.1% N a-benton ite 2248 1.05 2.90 3.05 63' 0.95
0.1% C a-bentonite 1901 0.90 2.23 2.01 63' 0.95
1.0% N a-ben ton ite 1562 0.70 1.20 0.84 84' 0.71
1.0% C a-bentonite 1544 0.70 0.88 0.61 84' 0.71
3.0% N a-ben ton ite 2265 0.80 2.28 1.82 78' 0.76
3.0% C a-benton ite 1518 0.75 1.45 1.01 84' 0.71
o .i % N a-kaolin ite 1744 1.00 4.82 4.82 60' 1.00
0.1% Ca-kaolinite 2280 1.00 4.86 4.86 60' 1.00
1.0% N a-kaolin ite 941 0.80 5.26 4.21 72' 0.83
1.0% Ca-kaolinite 984 0.80 4.78 3.83 75' 0.80

3.0 percen t bentonite  (Fig. 3) affected all the constants of the grow th 
curve in a sim ilar m anner, b u t th is influence was less pronounced.

The addition of kaolinite (Figs 4 and  5) depressed the grow th of Esche
richia coli ju s t as unam biguously as the m ineralization of glucose in previous 
experim ents. In  the presence of kaolinite, the lag-phase was prolonged,
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F ig . 2. T he g row th  cu rve  o f  Escherichia coli.
-  con tro l w ith o u t c l a y , ------------w ith

1.0% N a-ben ton ite , — —  w ith  1.0%  Ca-ben- 
to n ite , y  and  T =  th e  sam e as in Fig. 1

Fig. 3. T he gi'ow th cu rve  o f Escherichia coli.
— con tro l w ith o u t c l a y , ------------w ith  3.0%

N a-ben ton ite , — • — w ith  3.0%  C a-bentonite , y 
an d  T  =  th e  sam e as in  Fig. 1
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Fig. 4. T he g row th  cu rve  of Escherichia c o l i . ---------con tro l w ith o u t
c l a y , ------------ w ith  0 .1%  N a-kao lin ite , — • — w ith  0 .1%  C a-kaolin ite,

y  and  T =  th e  sam e as in  Fig. 1

F ig . 5. T he g row th  cu rv e  o f  Escherichia coli.
—  con tro l w ith o u t c l a y , ------------w ith  1 .0 %

N a-kao lin ite , — • — w ith  1.0%  C a-kaolin ite, y 
and  T =  th e  sam e as in  F ig . 1
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the  grow th constan ts as lag tim e and  grow th lag were larger th an  in the 
check. K aolinite depressed both  ra te  of grow th and  the grow th yield. The 
depressive effect increased w ith the increasing concentration of bo th  forms 
of kaolinite. 1.0 j)ercent Ca-kaolinite ex tended  the  lag-tim e bv 0.86 hour, 
while 1.0 percent N a-kaolinite by as m uch as 2.14 hours as com pared to  
the control.

In  general, it was observed th a t  the effect of clays was most pronounced 
a t  the s ta r t  and  during the in itia l period of incubation.
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H U M IFICA TIO N  OF A 14C L A B E L L E D  ORGANIC 
M ATTER IN  SOIL AND T H E  IN CO RPO RA TIO N  OF

15N IN  HUM IC SUBSTANCES

H. E. F rey ta g  a n d  H. I g el

INSTITUTE OF AGRONOMY AND PLANT CULTIVATION OF THE GERMAN ACADEMY 
OF AGRICULTURAL SCIENCES, MÜNCHEBERG, GDI!

There are obviously close relations between the autolysis of soil microbes 
and  the  synthesis of hum ic m atters . B u t if in the course of cell autolysis 
hum ic m atte rs  synthetisized  as expected, the process of hum ification has to  
be established in a fa r sho rter tim e th an  usually  accepted. On the basis of these 
considerations we a ttem p ted  to  accum ulate m icrobial substances by adding 
glucose to  the soil and  to  prove then , in the course of the induced autolysis 
of the cell bodies, the  appearance of newly form ed hum ic m atte rs  in the 
fractions concerned. Glucose was used because its carbon is assim ilated 
to ta lly  in a relatively  very  short tim e by the soil microbes and  w ith  it the a p 
plied prim e com ponents soon disappeared in the soil medium. W hen radio- 
actively m arked glucose (1 — 6 14C) is used as carbon source, then  14C m ust 
also be found in the fresh biomass. D uring the autolysis of these cell bodies 
when hum ic acid in fact has been developed, the 14C can be detec ted  in 
the  form  o f new synthesized com ponents in the hum ic acid fraction.

To obtain  a fast accum ulation of m arked microbial bodies in soil, m ineral 
substances were applied sim ultaneously, especially the nitrogen necessary 
for the form ation of proteins. The nitrogen was m arked too, so as to  s tudy  
its incorporation in to  the hum ic m atte r fractions for th is purpose we used 
15N -am m onium  sulphate. P relim inary  tes ts  have shown th a t  14C and 15N 
appeared  in the hum ic m a tte r fractions a fte r a re la tively  short tim e. T here
fore we began to  analyse the in itial hum ic m a tte r synthesis by m eans of 
repeated  analyses in short-tim e in tervals (22 E rlenm eyer vessels (passing 
through of C 0 2 free air w ith  25 °C in w ater bath ) w ith  each 4.2 ml of H 20  
(approxim ately  60%  w ater capacity) + 3 6 0  mg of uniform ly m arked g lu
cose (s =  125 //Gig CGlllc) +  (15N H ,)2S()., (ca =  53.6%  15N) +  30 mg 
K H 2P O 4/6 0 g  soil (CGmc : N(NH4)2so4 : P  : К  =  144 :14.4 : 6.8 : 8.6); Analyses 
a f te r  12, 15, 18 up to  . . .  75 hours; ex tractions and  fractionations 
conventionally  in F us(H2SO)) =  Fulvo-fraction ou t of the first acid t r e a t 
m ent, H us =  hum ic acid fraction a f te r  ex traction  w ith NaO H  and  coagula
tion, F us(NaOH)=  Fulvo-fraction in solution a fte r the precip ita tion  of the 
humic acid, NeS =  no t ex tractab le  substances).

U nder the given te s t and  incubation conditions an intensive new form a
tion of 14C hum ic acid a fte r 18 to  21 hours had already begun (Fig. 1). A fter 
approxim ately  42 hours a  m axim um  of about 20 mg 14CHus per 100 g soil 
was gained, followed by a decrease to  approxim ately  14 to  15 mg a fte r 
75 hours. The contents of 15N in the hum ic acid fraction showed a nearly  
analogous course. From  this could be derived a  common building in of 
these two nuclides into the new-formed hum ic m atters. W ith  th a t  a narrow
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(14C/15N )Hus ra tio  (nearly equal to  4.5) is reached, which is explained by a 
selective incorporation of N -rich com pounds (aminoacids !) b u t also by  a 
sim ultaneous tak ing  in of l5N H 4' from  the su b stra te  in to  the  hum ic acid.

The decrease of the am oun t of new ly form ed radioactive hum ic acids 
(14CHuS) a f te r  the m axim um  is very  in teresting. We assum e th a t  during th is 
tim e, processes of m ineralization in the m edium  began again and  the 
biologically active assim ilating new flora of microbes a ttac k  also the  newly 
form ed hum ic m atters . By decreasing of 14CHlls the  (14C/15N )Hus ra tio  in the 
fraction also changed; it narrow ed coincidentally w ith  the  decrease of 
14CHusi as shown in Fig. 1. This m eans a disappearance especially of N-poor 
humic acid com ponents from  the humic acid fraction. We suppose th a t  
during th is tim e p a r t  of the high polym er fresh hum ic m atte rs  in the humic 
acid fraction became unstable by  action of these secondary microbes and 
ten d ed  to  a depolym erisation (especially in an alkaline m edium  as used 
during the  analy tical operations). F rom  th is it  can be concluded th a t  a 
certain  p a r t of N -poorer respectively C-richer com ponents d isappeared 
from the hum ic fraction and  appeared  in the  course of the  analysis in the 
lower polym er fulvo-fraction (F u s (Na0H))- As seen in Fig. 2, the 14C in this 
Fulvo-N aO H -fraction shows first also a m axim um , analogous to  the  14C 
in the  H us-fraction. B u t during the  dom inant phase of these secondary 
m ineralization processes in the medium  we indeed obtained  an increase 
of 14C in the  Fulvo-N aO H -fraction a fte r 45 hours. A t the same tim e an 
increase of the 14C/15N  ratio  in this fraction followed, effected by  a change 
of the  unstable, form er I5N -poor respectively 14C-rich com ponents of the 
H us-fraction.

F or calculation of the  14CHus concentrations the to ta l C am ounts (CResHlls) 
of the H us-fraction had also to  be determ ined. These to ta l carbon am ounts 
in the H us-fraction, found w ith prelim inary  analysis, could have originated 
from  the following com ponents:

1) native  old hum ic acids existing in the fraction  already  before the 
beginning of the  investigations;

2) new-form ed non-m arked hum ic acids, developed out of native organic 
substances of the soil;

3) new ly form ed radioactive hum ic acids.
In  spite of the far larger dispersion o f the CgesHus values, m easured by 

elem entary  analysis, nevertheless a new incorporation of H us in the  frac
tion was to  be expected  in the form  of an increase of the to ta l carbon 
concentration, as seen in Fig. 3. B y sub trac ting  the radioactive 14C p arts  
from  the Cges am ounts it was shown, th a t the newly form ed H us used the 
m arked carbon source only; because (as seen in the figure) the inactive, 
native C -parts of the H us-fraction rem ained constan t during the  whole 
incubation tim e. — This does n o t apply  to  the nitrogen in the newly sy n th e
sized hum ic acids. A fter form ation of the  difference (NgesHus — 15N Hus =  
=  N Hus) the  form er level could no longer be reached during the phase of 
H us-synthesis; th is m eans th a t  in the new ly form ed hum ic acids unm arked 
N  originating from  m ineral or organic soil substances was also bu ilt in. 
R em arkable am ounts of 14C and  15N  applied in the form  of glucose and 
am m onium  su lphate also appear in the  fraction of the  nonextractab le 
substances (NeS-fraction) as seen in Fig. 4. In  th is fraction 14C and  15N 
especially m ust have been obtained  from  newly synthesized m icrobial pro-
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tein . The Cges and  N ges am ounts in this fraction rising above the initial 
level were no t form ed from  glucose — 14C and fertilizer—1 -IN only, b u t 
orig inated  p a rtly  from  bo th  organic and  in the case of N from m ineral soil 
substances, as shown in Fig. 5.

These research results led us to  m ake the following essential conclusions 
concerning the course of hum ification processes:
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1. The p rim ary  hum ification processes in soil run in very  sho rt periods 
and are in a close tem poral coherence w ith the phases of the autolvsis 
of soil microbes.

2. A t the same tim e N  is incorporated  in to  the  newly form ed hum ic m atters 
originating from  bo th  the soil hum us and  the applied m ineral-type.

3. The newly synthesized, especially N -poor hum ic m atters are not yet 
stable enough to  resist the processes of m ineralization of the  substra te , 
and in course of this, they  will be depolym erised (for instance back again 
to  the fulvo-level).
An accum ulation of humic acids in soil is obtainable as follows: 
a) by stim ulation of the hum ification p o ten tia l (this means: rise of the 

synthesis m axim um  of hum ic m atte r by  supporting the form ation of bio-
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Fig. 5

m ass and also by biochem ical interferences in the course of autolysis). 
b.) B y inhibition of depolym erization of the  newly formed hum ic acid (this 

m eans: the stabilization of newly form ed products for exam ple by bu ild 
ing in |ofN”, or also by p ro tection  in the course of ripening, i.e. by  a tta in ing  
a higher “ irregu larity” resp. a “ random ised s ta te ” in the sense of the 
hypothesis by  D r. K lein he mpel).
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INFLUENCE OF M( )NTMOR ILLONITE ON METABOLIC 
PROCESSES OF THE HUMIC ACID FORMING FUNGUS

EPICOCCUM NIG RU M

Z. F i l i p , K. H a id e r  and J. P. Ma r tin

DEPARTMENT OF MICROBIOLOGY, FACULTY OF AGRONOMY, 
AGRICULTURAL UNIVERSITY, PRAGUE, CZECHOSLOVAKIA 

INSTITUTE OF SOIL BIOCHEMISTRY, BRAUNSCHWEIG, GFR 
UNIVERSITY OF CALIFORNIA, RIVERSIDE, CALIFORNIA, USA

Clay minerals form an important part of the solid phase of the soil. This 
colloid soil substance influences strongly the ecological system of micro
organisms. The interactions between clay minerals and microbes are ver
satile in many respects. They influence, e.g. the sorption of organic and 
mineral nutrients, extracellular enzymes and other metabolic and auto- 
lvtic products. Also the sorption of microbial cells on clay minerals may 
have some influence. According to different authors the addition of clay 
minerals to microbial culture media has some influence on microbial num
bers and on microbial respiration. Also the utilization of nutrients may be 
sometimes enhanced.

I f  hum us is considered as a product of microbial ac tiv ity  differences 
in the hum ification of organic m aterials might be expected as a result of 
the influence of clay minerals. E xperim ents of Filip (1968a, 1968b) for 
exam ple showed an influence of ben ton ite  on the  form ation of hum ic su b 
stances by  a mixed flora of soil m icroorganisms. The addition  of increasing 
am ounts of ben ton ite  to  liquid, sand or soil cultures caused an increase 
of m icrobial num bers and  in m ost cases also an increase in the form ation 
of hum ic substances. F u rth e r experim ents have been done to  show the 
action of different clay m inerals on some microscopic soil fungi under the 
aspect of hum ic acid form ation. The p resen t paper is restric ted  to  a s tudy  
of the influence of m ontm orillonite on the hum ic acid form ing fungus 
Epicoccum nigrum. This fungus was shown by M artin e t al. (1967), H aider 
and  M artin (1967) to  synthesize phenolic com pounds from  acetate  and  
glucose units.

These phenolic com pounds belonged m ostly to  resorcinol or hydroxy- 
cinnam ic acid derivatives and were altered  by the fungus in troduction of 
fu rth e r hydroxyl groups. They were au toxvdized and polym erized to  humic 
acids.

Epicoccum nigrum  was cu ltivated  in a  liquid glucose-asparagine-culture 
m edium  which contained different am ounts of m ontm orillonite ranging 
from  0.25 to  0.5 and  1 per cent. The flasks contained 300 ml of culture 
liquid and  were inoculated  w ith  a suspension of spores of E. nigrum. They 
were incubated  for 30 days a t 22 °C either as steady  or shaking cultures. 
In  10 days intervals parallels were analyzed for cell weight, glucose consum p
tion and  for different nitrogen fractions an d  for the form ation  of hum ic 
substances.

In  Fig. 1 the  cell weight a fte r 10, 20 and  30 days of incubation is shown 
in the control and  in the v arian ts  w ith  different m ontm orillonite additions.
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Fig. 1. Cell w eight in  s te ad y  cu ltu res  o f E . nigrum

The values are average values from th ree flasks. One can observe th a t the 
highest m ontm orillonite concentration has the strongest effect on the 
initial cell growth. However, a fte r 30 days of cultivation, the biomass is 
less th an  in the varian ts w ith  lower m ontm orillonite content. The biomass 
in the control increases uniform ly u n til 30 days, bu t never reaches the

day
Fig. 2. G lucose consum ption  in  s te ad y  cu ltu res  o f E. nigrum

174



w eight of the sam ples w ith m ontm orillonite. The decrease of the biomass 
a f te r  20 days in the  m ontm orillonite cultures indicated an earlier autolysis 
of the cells th an  in the control. This autolysis is caused by an acceleration 
of the n u trien t consum ption as shown in Fig. 2 for the glucose consum ption. 
In  the varian ts  w ith 1%  and  0.5%  of m ontm orillonite the glucose is already 
consum ed a fte r 20 days, while glucose is still p resent in the  control after 
30 days.

The curves for the nitrogen consum ption (Fig. 3) show a  sim ilar inclina
tion; however the curves of the  varian ts  1, 2 and  3 reach a m inim um  a t 
between 20 and  30 days of incubation and  then  begin to  rise. This rise is 
caused by  am m onia and  organic nitrogen com pounds of low m olecular 
w eight, which are excreted  during cell autolysis into the solution. The pH 
values in the control decline from  the in itial value of 6 to  about 4.5. D uring 
autolysis th ey  rise to  7 — 8. The sam ples w ith m ontm orillonite show, accord
ing to  the concentration, an accelerated decrease and  increase in the pH - 
curve. W ith  respect to  cell grow th, up take of nu trien ts  and  release of 
nitrogen com pounds during autolysis the shaking cultures behave in the 
same m anner as the steady  cultures. The n u trien t solutions of E. nigrum  
in the controls change colour a f te r  about 15 days of incubation to  red 
and  a f te r  20 to  30 days to  a deep brown. The sam ples w ith m ontm orillonite 
addition change colour earlier and  w ith increasing concentration of the 
m ineral the colour becomes more concentrated . W hen the pH  becomes 
alkaline, hum ic acids can be p recip ita ted  by addition of m ineral acids. 
Fig. 4 shows the am ount of humic acids in the control and  m ontm orillonite 
varian ts. The height of the columns show the am ount of the re levan t humic 
acid per flask a fte r 30 days of incubation. The values are indicated  in the 
form  of mg C as analyzed from  aliquots of the hum ic acids. The first group 
of columns refers to  the hum ic acid fraction which can be p recip ita ted  
from  the  solution (H.A.j). The second group refers to  the am ount of humic 
acids which could be ex trac ted  from  the cells directly  w ith 0.5 n NaOH

day

Fig. 3. N itrogen  consum ption  in  s te ad y  cu ltu res  o f E . nigrum
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(H .A.,). The th ird  group gives the am ount which can be ex trac ted  a fte r 
previous hydrolysis of the  cells w ith  1 n H.2S()4 (H .A.3). The last group 
of colum ns shows the to ta l am ount of hum ic acids (H .A .total). The am ount 
of précipitable hum ic acids increases w ith  increasing m ontm orillonite con
centration . Also a  significant increase of the cell hum ic acids (H .A .2) can 
be observed. However, no continuous increase in the q u an tity  of humic 
acid in  th is fraction w ith increasing m ontm orillonite concentration can be 
observed, b u t a slight decrease in the highest concentration. W ith  regard 
to  the highest am ount of hum ic acids in the solution of v arian t 3, it  appears 
th a t  the addition of m ontm orillonite causes only a higher form ation of 
th is acid fraction  and accelerates eventually  the excretion of hum ic acid 
precursors. Also the higher ra te  of autolysis and  the accelerated consum p
tion of n u trien ts  m ay cause an increase of hum ic acid form ation in the 
solution. Only sm all am ounts of hum ic acids are released from  the first 
and  th ird  v arian t b y  hydrolysis of the cells w ith sulphuric acid. The to ta l 
am ount of hum ic acids (in the last columns), increased significantly w ith 
increasing addition of m ontm orillonite. The nitrogen conten t of the humic 
acids a f te r  ex traction  of the ash am ounts to  about 7%. Also the C:N ra tio  
of the hum ic acids is approxim ately  5 for all varian ts. This relatively  high 
ra tio  is caused by a low C con ten t of abou t 40%  and a high N con ten t of 
abou t 7%.

F urtherm ore the extinction  m easurem ent of the different hum ic acid 
fractions were referred  to  the same C content. Fig. 5 shows the negative 
logarithm ic values of the  extinction  in the range of wave length  from 
475—700 pm  for the hum ic acids isolated from  the solution a fte r 30 days 
of incubation. The specific extinction  decreases in the following sequence: 
0 >  1 >  2 >  3. According to  K ononova and  o ther au thors the ex tinction 
of hum ic acids is connected w ith its degree of condensation. The cell humic 
acids show the same tendency  w ith  regard  to  the specific extinction.
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Fig. 4. A m oun t o f hum ic  acids in v a rian ts  o f experim en ts w ith  E . n igrum



As already  indicated, the biom ass of shaking cultures also increased in 
the same m anner as in the steady  cultures w ith increasing m ontm orillonite 
conten t. The absolute am ount of biomass was even som ew hat higher. Also 
the consum ption of nu trien ts  and  the ra te  of autolysis were accelerated. 
However, from  the n u trien t solution of each v arian t no hum ic acids could 
be precip ita ted .

Increasing am ounts of hum ic acids could be ex trac ted  from  the cells 
using N aO H  w ith increasing m ontm orillonite concentration. On the o ther 
hand, the am ount of hum ic acids ob tained  a fte r hydrolysis decreased. The 
to ta l am ount of hum ic acids was from  five to  seven tim es lower th an  in 
the corresponding steady  cultures. I t  is still no t possible to  decide w hether 
the b e tte r  oxygen supply in the shaking cultures leads to  a more com plete 
respiration and  to  an  increase in assim ilation of the added  n u trien t into 
the biomass. A lternatively , the hum ic substances in the solution m ay not 
have a sufficient ra te  of condensation for p recipitation. Available results 
give more credence to  the first possibility. In  sum m ary, it can be said, th a t  
m ontm orillonite has a pronounced influence on the m etabolism  of E. 
nigrum. Sim ilar effects were observed w ith  o ther humic acids forming fungi.
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BIOGENESIS OF FRACTIONS OF FULVIC ACIDS 
JN CHERNOZEM SOIL

B. G. M u r s a k o v

INSTITUTE OF MICROBIOLOGY OF THE ACADEMY OF SCIENCES OF THE USSR,
MOSCOW, USSR

The g reatest problem  in the investigation of hum us substances is the eluci
dation  of the pathw ays of its  biogenesis whose specificity implies their 
particu la r role com pared to  o ther n a tu ra l compounds. One of the  m ain 
sources of the arom atic com pounds is lignin whose “delayed” destruction  
under the action of microflora perm its regarding it as a labile reserve of 
reactive “stru c tu ra l u n its” .

General principles of the stru c tu re  of fulvic acids, hum ic acids and  lignin 
can be reliably established by the com bined m ethods of pyrolysis and gas 
chrom atography and com parison of the pyrogram s obtained  to  d e tec t 
identical com ponents in the sam ples investigated . This m ethod was used 
to  investigate the sam ples of lignin, hum ic acids and  fractions of fulvic 
acids ob ta ined  by colum n .separation of fulvic acid filtrate (Dragunov e t al. 
1970). The scheme of fractionation  of acid-soluble organic substances com 
posing the fulvic-acid filtrate is shown in Fig. 1. The separation resulted  
in 13 fraction (a weighed sam ple of chernozem soil taken  from  the horizon 
A 0) which we re identified according to  d a ta  of elem ent and  functional an a ly 
sis, gas chrom atography of the products of pyrolysis, hydrolysis and  oxida
tion as follows: fraction 1 — resin acids and  th e ir esters; fraction 2 — higher 
carbonic acids, paraffins and sterins; fraction 3 — was obtained  in trace 
am ounts and  therefore was not studied; fraction  4 — polysaccharides con
sisting of glucose and  pentose links as well as of glucuronic acids; fraction
5 — phenol glucosides; fraction 6 — com pound of a peculiar character 
(proper fulvic acids); fraction 7 — resin acids; fraction 8 — resin acids 
and  condensed arom atic com pounds; fraction 9 — polysaccharides of the 
polyuronic-acid ty p e ; fraction 10 — the system  of phenol glycosides of a 
m arked acid natu re , fractions 11, 12, 13 — com pounds of a  peculiar chem 
ical natu re  (proper fulvic acids).

Thus, the employed technique allows separation of proper fulvic acids 
from concomitant compounds of inspecific character.

Pyrolysis and  gas-chrom atography was carried ou t as repo rted  else
where (M ursakov e t al. 1970) (Fig. 2).

Comparison of the pyrograms obtained indicates the presence of common 
main components in pyrolysates of lignin, humic acids and the fractions
6 and  12 of fulvic acids in chernozem  soil. This is also evidenced from  Table 1. 
Pyrogram  of fraction 6 is sim ilar to  th a t  of hum ic acids except th a t  there are 
more peaks in the chrom atogram  of humic acids, which indirectly  indicates 
the complex stru c tu re  of hum ic acids. Pyrogram s of the  fractions 12 and  
of hum ic acids also evince a num ber of common com ponents, y e t fraction
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Fig. J . A schem e o f  frac tio n a tio n  o f th e  fu lv ic acid filtra te  of
chernozem

12 contains more volatile com pounds th an  fraction 6. These findings allow 
us to  suggest ten ta tiv e  pathw ays of lignin transform ation to  hum us sub
stances.

Organic substances en tering  the soil apparen tly  undergo m ultiphase 
destruction. A t the first stage, oligomers of lignin are formed, whose fu rther 
transfo rm ation  proceeds by two ways: 1) decom position w ith form ation 
of inspecific substances and  “stru c tu ra l u n its” of fulvic acids; 2) in teraction  
w ith reactive com pounds of ano ther origin w ith form ation of polycom po
nen t system  o f humic acids. “ S truc tu ra l u n its” , th a t  are form ed a t the 
first stage, in te rac t w ith  carbohydrate  and  pro tein  fragm ents and  form 
fulvic acids ten ta tiv e ly  included in fraction 6. The p a r t of humic acids 
which is form ed a t the first stage from  oligomers of lignin is stabilized
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th rough  isom erization and  goes over to  fulvic acids composing fraction 
12 as well as to  unspecific substances. This scheme is in good accord w ith 
the heterogeneity  of fulvic acids and  humic acids as well as w ith the presence 
of a lo t of substances of unspecific natu re .

Therefore, there is a close genetic relationship between organic com pounds 
of p lan ts  and  qualita tive  new substances — hum ic substances of the soil. 
The crucial role in the process of transform ation  of p lan t m aterials belongs 
to  microorganisms.

Soil microflora plays an im p o rtan t role no t only in the synthetic  processes 
b u t also in decom position of newly form ed substances. U nder certain  con
ditions, utilization of hum ic substances is carried ou t by the complex of 
m icroorganisms am ong which the m ajor role is played by bacteria. Among 
the published earlier reports, of m ost in te rest are the investigations on 
narrow  fractions of fulvic acids and  hum ic acids because of the possibi
lity  thereby  of s tudying  specificity of separate groups of microorganisms 
against the com pounds of various chemical natu re .

To investigate decom position of separate fractions of fulvic acids under 
the  action of m ixed microflora of the soil, we resorted  to  incubating  the 
m edia containing fulvic acid prepara tions w ith  inoculated  soil microbes. 
At present, the m ajor criterion for the ex ten t of decomposition of hum ic 
substances is the per cent of decolourization according to  which de term ina
tion is made of the residual am ount of the substance. However, from  our 
viewpoint, the use of th is m ethod cannot be regarded as precise and the n u 
merical values thus obtained, accurate. As evidenced from  the lite ra tu re , 
the molecules of hum ic substances contain num erous functional groups, 
including chromophores:

> C  =  C < ,  > C  =  N —, - N = N -  , > C  =  0 ;

of special im portance being the form ation of quinoid structu res. The action 
of chromophores is enhanced b y  auxochrom es whose role is p layed by  polar 
groups such as — OH and  — N H 2. The colouration of chem ical com pounds 
can be substan tia lly  affected by the factors observed during  incubation 
of microorganisms in the  m edia w ith hum us substances. Hence, microbial 
destruction involves concealm ent of changes in the colouration and photo- 
colorim etrical m easurem ents of colour indices do not reflect all processes 
occurring in the culture medium. A pparently , a new criterion more precisely 
reflecting the essence of the process of decom position of hum us substances 
is necessary. As one of such criteria, can be regarded the determ ination of 
per cent changes of carbon in the control and  trea tm en ts. D im inution 
of the carbon conten t can be associated w ith release of volatile compounds: 
C 0 2, lower carbonic acids, alcohols, etc. We believe th a t  the  am ount of 
volatile com ponents can be regarded as a reliable sign of the accessibility 
of a given substance for m icroorganisms. A ctually, decom position of the 
organic substance resisten t to  microbial action involves breaking of b u t 
a small am ount of accessible bonds while arom atic nuclei are decomposed 
slowly. Therefore, the am ount of volatile com ponents would be insignifi
can t which m ight be directly  re la ted  to  the weak effect of decomposition.

R ecently, destruction of the complex organic substances by m icroorgan
isms has become an accessory m ethod for investigating th e ir chemical 
natu re . As evidenced from  analysis of our d a ta , the prepara tions have dif-
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Fig. 2. C hrom atogram s o f th e  p ro d u c ts  o f  py ro lysis 
of: a )  lignin: b) frac tio n  6

min

182



с)  frac tio n  12 ; d )  hum ic  acids o f chernozem
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^erent s tab ility  against separate  groups of m icroorganism s ; in the presence 
of some compounds, the p a tte rn  of developing microflora is ra th e r uniform  
and  includes triv ia l groups of microorganisms while o ther p repara tions 
resu lt in the appearance of heterogeneous character of microflora including 
rare forms. This observation is in good accordance w ith  d a ta  on the chem i
cal n a tu re  of the  fractions studied. However, the m ethod  based on d e te r
m ination of the  carbon con ten t does n o t take in to  account the changes 
th a t  are connected w ith form ation of substances no t rem oved from  the 
range of reaction. To get the  qualita tive assay of these changes, o th e r p ro 
cedures are required.

As a ten ta tiv e  procedure, we propose to  carry out com parison of the 
products of pyrolysis of the m edium  before and  a f te r  growing of m icro
organisms. The products of pyrolysis were fixed w ith  the  use of gas chrom a
tography . This procedure was em ployed due to  the fact th a t  developm ent 
of microorganisms involves changes in the chemical n a tu re  of the  sub 
stances constitu ting  the culture m edium ; pyro ly tic decom position, which 
is a complex physico-chem ical process, creates specific character for the 
te s t and  control sam ples which are m anifest in chrom atogram s.

To illustra te  the applicability  of the m ethod of pyrolysis-gas chrom atog
raphy  in microbiological studies, we em ployed fraction  7 (Fig. 3) which 
is least decomposed by microbes (as judged from  the per cent of the carbon 
con ten t changes). P yrogram s of the control and  tes t sam ples dem onstrated  
m arked  differences thus indicating the possibility of establishing deep 
qualita tive  differences in the com position of organic substances.

Thus the presen ted  d a ta  prove th a t  microorganisms actively partic ipa te  
in the decom position of hum us substances, while various groups of soil 
organic substances posses different stab ility  against microflora. I t  can be 
proposed th a t  differences in the m icrobial p a tte rn s  of soil are directly  
connected w ith  q u an tita tiv e  d istribu tion  of various fractions of fulvic 
acids as the m ost active portion of the hum us.

An im portan t evidence of biogenesis of hum us substances can be ob ta ined  
from  investigation of their optical ac tiv ity . I t  is known th a t optical ac tiv 
ity  is one of the most universal charac ters of n a tu ra l compounds. Optically 
active substances of the soil were investigated  earlier for obtaining d a ta  
concerning the use of spectropolarim etry  in cosmic biology (Blei and  Lisko- 
w itz 1965). Acids and  alkali ex trac ted  organic substances abou t 10 tim es as 
much, v e t the num ber of optically active com pounds is no t p roportional 
to  the num ber of organic com pounds. W ate r ex trac ts  possess optical ro ta to ry  
dispersion like alkaline ones and produce levorotation. The curve of d isper
sion of optical ac tiv ity  of the acid ex trac t is sim ilar to  th a t  of p roteins in 
acid solution while alkaline ex trac ts  give a dispersion curve analogical to  
nucleotides. The charac ter of the curve of ro ta tional dispersion indicates 
th a t  it m ight belong ra th e r to  m onom eric nucleotides: polym ers show com 
plex curves w ith a lternating  m inim um s and  m axim um s and  has no th ing  
in common w ith the curves of the soil ex trac ts  (Fresco et al. 1961). The curves 
of optical ro ta to ry  dispersion of the soil ex trac t are the sum  of optical 
activ ities of individual com pounds. Therefore it is of in terest to  investigate 
the optical activ ities of narrow er fractions.

We carried o u t spectropolarim etric investigation of fractions of fulvic 
acids of chernozem  isolated by th e  above m ethod. D eterm ination  of op tical
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к
Fig. .i. C hrom atogram s o f th e  p ro d u c ts  o f py ro ly sis o f th e  m ed ium  con
ta in in g  frac tion  7 o f  fu lv ic  acids o f  chernozem : a )  before th e  experim en t; 

b)  a f te r  th e  experim en t

ac tiv ity  of eluates was carried ou t in UV-range of the spectrum . This inves
tigation p erm itted  establishing th a t  fractions 1, 5, 6 and 9 possess dex tro ro 
tation  while fractions 2, 4 and  12, levorotation.

In te rp re ta tio n  of the  obtained d a ta  w ith  regard  to  the biochem istry of 
hum us form ation m ight be as follows: e ither optically active substances 
compose the fractions, or they  are involved in stereospecific reactions w ith 
form ation of optically  active compounds, or th ey  undergo decomposition 
by the soil microflora resulting in accum ulation of one of the isomers in 
g rea ter am ount, or these com pounds are the product of decomposition 
of m icrobial masses. Of definite in te rest is the occurrence of optical ac tiv ity  
in fractions 5 and 12, which can be regarded as represen ta tives of proper 
fulvic acids, y e t their dispersion curves are of different character. Thus,
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the occurrence of optically active organic com pounds in the soil is the 
most im portan t argum ent for the decisive role of biogenous factors in the 
process of form ation of hum ic substances.

To sum m arize, a suggestion can be made th a t hum ification is the process 
associated w ith deep transform ation of all com pounds th a t en te r the soil 
and  hence resu lt in the form ation of qualita tively  new com pounds with 
concom itant simple substances — products of destruction  of the initial 
and newly form ed m aterials. The soil m icroorganisms p lay  the m ajor role 
in all stages of form ation of soil organic com pounds including the com pounds 
of specific nature .
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T H E  E F FE C T  OF SOIL BIOCHEM ICAL FACTORS ON T H E  
TRANSFORM A TION OF HUM IC SUBSTANCES

L. H a r g i t a i

D EPARTM ENT OF SOIL SCIENCE. UNIV ERSITY  OF H O RTICU LTURE, BUDAPEST, HUNGARY

The su itab ility  of our m ethod for following the transform ation  of humic 
substances is established by the investigation of various soil types from  
7 European countries. All the results received by the au th o r w ith this 
m ethod showed on the one hand the  differences of soil genetics and  on the 
o ther the possibility of applying the m entioned investigations in the eva l
uation  of the effect o f soil biochemical factors on hum us quality . The results 
of these investigations are sum m arized in several works by the au tho r 
(H argitai 1955, 1964, 1965, 1967). The main essence of this m ethod is the 
optical investigation of the N aF  and  N aO H  ex tracts  for determ ination  of 
the ra tio  of th e ir extinctions which characterizes the stab ility  and  a t the 
same tim e the quality  of hum ic substances. The more hum ified and  w ith 
hum ic substances of a good quality  more closely bonded Ca2+ ion has gen
erally  higher stab ility  num bers which are calculated as follows:

E NaF m eans the extinction  of 1 %  N aF  ex trac t 
E NaoH m eans the ex tinction of 0 .5%  N aO H  ex trac t

These coefficients characterize no t only the soil types w ith  g rea ter differ
ences, b u t a t the same tim e the transform ation  o f humic substances too.

This transform ation  can be effected through the change of soil biochem i
cal processes, which is in itia ted  by different cultivation, fertilization and 
m anuring methods. We have investigated  the effect of the different cu lti
vation  m ethods (deep, norm al, shallow) and  also the effect o f fertilizers 
and  m anures on the transform ation  of the hum us quality  th rough  the bio
chemical processes of the changed soil.

R esults sum m arized in Table 1 show very well, th a t  the g reatest s tab ility  
coefficients can be determ ined by  norm al fertilization in all the v a r ia 
tions of cultivation. As expected, norm al m anuring decreases the stab ility  
coefficients by  increasing the con ten t of raw organic substances. The d e te r
m ined grade and  value o f hum ification is m uch lower in such cases.

A strong fertilization increases the stab ility  coefficients, b u t less th an  
a norm al fertilization. R em arkable decrease of the s tab ility  coefficients 
is only produced by norm al and  strong m anuring. The results com pared

Â
N a O H

from this the

E
K = ----- NaF stab ility  coefficient can be calculated

®NaOH -  H

187



E ffect of cultivation and fertilization on the transform ation of hum ic  
substances expressed in  stability coefficients

T able 1

Cultivation Control

N o r m a l S t r o n g

Fertilized Manured Fertilized 
and manured Fertilized Manured Fertilized 

and manured

S h a llo w 0 .7 5 4 0 .8 5 2 0 .7 0 2 0 .7 2 5 0.SO9 0 .7 0 8 0 .6 5 8
D e ep 0 .7 4 4 0 .8 9 6 0 .6 3 9 0 .5 7 0 0 .5 8 2 0 .5 0 9 0.601

with deep cultivation  trea tm en ts  show very  sim ilar results b u t all the 
num bers are slightly  lower.

The transfo rm ation  of hum ic substances is influenced bv the cultivation 
m ethods, which change the  equilibrium  of aerobic and1 anaerobic processes. 
According to  several investigations and  our resu lts (Flaig 1954, H arg itai 
1955, 1963) a few years ago, the exact evaluation of extinction  curves was 
found to  be the m ost suitable for characterization of the hum us quality  
transform ations.

This is possible w ith  the determ ination of F  curves. F  curves are first 
m entioned by  Hock (1936) and  some investigations of the au th o r were 
based on these a few years ago. They can be calculated from  the extinction 
values divided by the ex tinction  of the hum us ex tra c t m easured by the 
longest length w ith  the Pulfrich photom eter. t\ 'h en  th is calculation is car
ried o u t in each case, w ith  all the extinction values, the received F  values 
can be expressed depending on the w avelength in the F  curves.

The various types of F  curves characterize the kinds of hum ic su b stan 
ces. This fact was expressed in our work a few years ago (H argitai 1963). 
Analysis of the F  curves showed the g reat effect of cultivations in develop
ing characteristic feature from the curves independent of the quality  of 
ex trac ts .

It is very  in teresting, th a t  a g reater condensation of hum ic substances 
and  in connection w ith th is a  high increase in the  colour curves (in the

Fig. 1. F  cu rves o f  .hum ic substances (N aF  ex trac ts )
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F ig . 2. F  cu rves o f hum ic substances (N aO H  ex trac ts)

F  curves) is found in the  results very  m arkedly, when the field is norm ally 
cu ltivated . The soil stud ied  was a brown forest soil. These curves clearly 
depend on aerob-anaerob conditions. The transform ation  of hum ic substan 
ces under different cultivations continues as a resu lt of various m icrobio
logical and soil biochemical processes. These processes are ind icated  in the 
colour change of hum ic substances expressed in the F  curves (Figs 1 and  2).

Summ arizing, it can be sta ted , th a t  our m ethod for determ ining the s ta 
bility  coefficients is first of all, suitable for characterization of the  effect 
of fertilization of hum ic substances.

The change in the equilibrium  of aerob-anaerobic conditions effected by 
cultivation is expressed bv the transform ation  of humic substances m easured 
with the  F  curves according to  our m ethod.

SUM M ARY

There is a com plicated in teraction between biochemical processes in 
the soil an d  changes in the hum us quality . The la tte r  has an influence on 
physico-chem ical properties, on nitrogen and n u trien t elem ent dynam ics 
of the soil. I ts  determ ination  is very  im portan t. Our investigations a few 
years ago illustra ted  a more favourable action of the com bined application 
of aeration and  liming together, th an  the to ta l of their separated  action.

O ur m ethod  developed from  the  m ethod of Hock to  determ ine the hum us 
quality  th rough  stab ility  coefficients no t only estim ates genetic differences 
b u t also the changes in the hum us quality  required. From  the m any in te re st
ing investigations we have selected in this p ap er only a few; nam ely the 
effects of surface and  deep cu ltivation and  the results of various organic 
and  m ineral fertilizer applications.

The m ain essence of these resu lts is as follows:
1. The grade of hum ification illu stra ted  w ith  the stab ility  coefficients is 

g rea ter by surface cu ltivation th an  by deep cultivation.
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2. G reater am ounts of n u trien t elem ents assured bv fertilizers have an 
excellent effect on hum ification. A g rea ter supply  of m icroelem ents 
m akes the transfo rm ation  in the hum us quality  possible probably  due 
to  g rea ter ac tiv ity  of microorganisms.
The change of hum us quality  can be determ ined  by the F  curves calcu

la ted  from  the extinctions in N aF  and  also in N aO H  ex tracts  through 
d istribu tion  w ith  the  ex tinction  of the longest w avelength.

The F  curves are suitable for more detailed  characterization of hum ifi
cation processes and  for estim ating  the changes in hum us quality  affected 
by soil biochem ical factors.
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DECOM POSITIO N OF M ETAL-HUM IC ACID 
COM PLEXES BY M ICROORGANISM S

S., G o r d ie n k o , T. Gl u sh c h e n k o , and  L. I v a h n o ,
RESEARCH IN ST IT U T E OF M ICROBIOLOGY OF T H E  U K RA IN IA N  ACADEMY OF SCIENCES,

K IE V , USSR

R ecent research concerning the  decom position of organic substances in 
biolithic caustics draws a tten tio n  to  the technological developm ent in the 
p repara tion  of organic mineral fertilizers using m icroorganisms.

We have tes ted  organic m ineral m ixtures w ith  m icroorganisms known 
earlier as active in re lation to  sodium  hum ate decomposition. F or exam ple, 
Pseudomonas sinuosa, Mycobacterium cilreum oligonitrophil №. 13 B, Acti
nomyces №  4, Mucor plumbens were studied in the  D epartm en t of General 
and  Soil m icrobiology of the U krainian  Academ y of Sciences, In s titu te  of 
Microbiology.

The experim ent and  d a ta  based on the q u an tity  of m ovable forms of 
nitrogen are shown in Table 1. F rom  experim ental results, the increase 
of m ovable form s of nitrogen were observed (especially during the two 
weeks of composting) ; w ater soluble carbon in all the experim ental varian ts  
was found to  decrease. F u rth e r composting showed a  decrease of m ovable 
nitrogen b u t indicated  no absolute re tu rn  to  the original first sam ple level.

In  fertilizer m ixtures, the  organic m atte r of peat was decomposed, the 
resu lt of which led to  the increase of bo th  nitrogen and  carbon m ovability. 
In  re la tion  to  th is decom position the microbiological cultures of Actino
myces №  4, Mucor plumbens and  m ixed cultures ( Pseudomonas sinuosa, oligo
nitrophil, Actinomyces, Mucor plumbers, Mycobacterium citreum) were 
active.

I t  was established th a t  upon addition of transition  m etals into the 
m ixture of salt, the fertilizing qualities of the m ixtures were increased. 
Therefore a detailed investigation of hum ic acid decom position in complex 
w ith  m etals was carried out.

Complex-forming ab ility  of peat, brown coal, and  hum ic acid was proved 
by  physico-chem ical and  purely  physical methods.

In te re s t in these com plex com pounds is due to  their stab ility , the la tte r  
can be explained by form ation of cyclic stru c tu res in which m etal is firm ly 
bonded. They can possess properties which are peculiar to  m etal or ligand.

H um ic acid was ex trac ted  from  the pea t of U krain ian  origin (village 
Zamglai) by  m eans of sodium pyrophosphate w ith  sodium hydroxide and  
th en  purified by a benzenealcohol m ixture. Then it was thoroughly  
dialysed. The solutions were sa tu ra ted  w ith copper, iron, and  calcium 
from  chlorinated  salts. N ext followed the consequent trea tm en t of the 
sam ples w ith w ater, potassium  chloride, and  0.1 N  n itric  acid in order to  
get sam ples w ith d ifferent types of bonds of m etal w ith hum ic acid. The 
perm anen t trea tm e n t by these reagents m ade possible the rem oval of
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T ab le  1
Content of nitrogen forms in  peat mixtures with various

Variant
V Experiment

Content in % of easily hydrolyzed nitrogen without 
nitrate recovery

2 days 2 weeks 1 month 2 months 3 months

W 1. Peat from Zambiai 0.24 0.29 0.27 0.29 0.27
2. P eat -{- Ammonia water 

-|- cement dust Phos
phate slag Corn ex
trac t -f- Pseudomonas 
sinuosa 0.51 0.61 0.53 0.56 0.57

3. ditto  -f- Mycobacterium 
ciireum 0.51 0.60 0.58 0.58 0.57

4. ditto  -|- oligonitrophil 
№  13 В 0.52 0.62 0.57 0.59 0.61

.->. d itto  -(- Actinomyces №  4 0.45 0.68 0.59 0.65 0.66
6. ditto  -|- Mucor plumbens 0.53 0.64 0.63 0.66 0.65
7. ditto  -J- m ixture of cul

tures 0.52 0.61 0.63 0.61 0.56

excessive m etallic ions bonded w ith hum ic acid by  absorption forces and 
ion bonds.

Research perform ed by  the E SR  m ethod (electron spin resonance) 
showed th a t the  m etal was coordinated by hum ic acid 9.

The signal in tensity  of free radical type in hum ic acid is decreased whereas 
m etal concentration increases. This is the  resu lt of the double bond sa tu ra 
tion w ith  m etallic ions in the  process o f complex form ation. Complex 
form ation takes place in d irect contact of hum ic acid w ith  m etal and  
does no t depend upon the prevailing processes of ion substitu tion  and 
hydroxide form ation. The forming of higher complexes (when the signal 
of the free radicals of hum ic acid disappears altogether) is stable and  even 
the tre a tm e n t of 0.1 N H N 0 3 does no t lead to  the destruction  of the 
complex and  to  the liberation of the metal.

T reated  by a p repara tion  of humic acid, sand was enriched w ith cultures 
of m icroorganisms. The m ixture was subjected to  a constan t tem peratu re  
trea tm e n t and  then  analysed for w ater soluble carbon and  unbonded 
m etal. The obtained  d a ta  are shown in Tables 2, 3, 4 and  5.

The joining of m etals to  hum ic acid did  n o t lower the ra te  of acid decom 
position. During the  process of ferm entation  the growing q u an tity  of 
humic acid and carbon was transferred  into the w ater ex traction  whereas 
the copper con ten t decreased. The m entioned decrease was in good ratio  
w ith the increasing num ber of microorganisms to  perm it the inference 
th a t  the  microorganisms them selves absorbed the missing copper. In  the 
second sam pling, the iron con ten t in the w ater ex traction  a t first increased, 
bu t then  decreased. H um ic acids m ay have p en e tra ted  into the cells of 
microorganisms together w ith the  m etal.

In  such a way, the  presence of complex forming — humic acid — rem oved 
for m icroorganisms m etallic to x ity  in corresponding doses.
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microorganisms according to terms oj fermentation (laboratory tests)

Content in % of easily hydrolyzed nitrogen 
recovery of nitrates

with Content of overall nitrogen in %

2 daj’s 2 weeks 1 month 2 months 3 months 2 days 1 month 2 months 3 months

0.25 0.29 0.30 0.29 0.27 3.16 3.17 3.19 3.09

0.55 0.65 0.61 0.60 0.59 3.61 3.57 3.63 3.51

0.59 0 .6 6 0.65 0.63 0.62 3.63 3.56 3.52 3.56

0.58 0.64 0.65 0.63 0.61 3.64 3.48 3.44 3.48
0.58 0.70 0 .6 8 0.67 0 .6 8 3.53 3.47 3.50 3.44
0.57 0.70 0.70 0 .6 8 0 .6 6 3.67 3.46 3.51 3.42

0.52 0.70 0.64 0 .6 6 0.58 3.65 3.71 3.60 3.52

T able  2
Content oj humic acid in  mgfkg in  the water extraction 

when decomposing Ca-humic acid

M icroorgan isms Ca-humic acid Per 2nd day Per 17th day Per 37th day

Pseudomonas
sinuosa Control 214 574 549

H ,0 217 331 657
KCl 301 392 498
H.YO, 209 481 _

Mycobacterium
citreum Control 150 657 401

H ,0 249 759 667
KCl 227 544 640
H N 0 3 224 273 274

Actinomyces №  4 Control 250 546 231
h ,o 301 799 463
KCl 320 495 144
H N 03 220 355 410

Mucor plu mb en s Control 280 677 280
h 2o 237 625 29
KCl 248 358 170
H N 0 3 284 377 225
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Content of humic acid in mg/kcj in  the water extraction 
when decomposing Cu-humic acid

T able 3

M i croorgan i sms Cu-humic acid Per 2nd day 1 Per 17th day Per 37th day

Pseudomonas
sinuosa Control 214 574 549

h 2o 332 510 288
KC1 286 421 499
H N 0 3 217 712 401

M  y cobacterium
citreum Control 150 657 401

h 2o 248 426 370
KC1 301 393 116
H N 0 3 300 679 359

Actinomyces №  4 Control 250 546 341
h 2o 265 326 556
KC1 282 567 311
H N 0 3 207 446 298

Mucor plumbens Control 280 677 483
H 20 187 608 802
KC1 236 421 522
H N 0 3 296 427 528

T able 4
Content of humic acid in  mg/kg in  the water extraction 

when decomposing Fe-humic acid

M icroorgan isms Fe-humic acid Per 2nd day Per 17th day Per 37th day

Pseud от ona s
sinuosa Control 214 574 549

H 20 173 687 610
KC1 243 391 243
H N 0 3 274 723 607

M  у cobacterium
citreum Control 150 657 401

h 2o 210 786 373
KC1 270 514 932
H N 0 3 230 540 790

Actinomyces №  4 Control 250 546 341
h 2o 377 538 522
KC1 284 572 9

H N 0 3 250 325 560

Mucor plumbens Control 280 677 483
H 20 93 272 261
KC1 63 280 536
HNO3 94 578 576
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Content of copper in mg/kg in the water extract 
when decomposing Cu-humic acid

T able 5

M ieroorgan isms Cu-humic acid Per 2nd day Per 17th day Per 37th day

Pseudomonas
sinuosa Control

H2o 15 11.0 4.1
К Cl 37.5 34.24 7.0
H N 0 3 39.0 37.12 5 .3

Mycobacterium
citreum Control 2

H 20 31.0 28.4 5 .9
К Cl 44.5 33.1 7.2

HNO, 35.0 9.8 9 .0

Actinomyces №  4 Control
h 2o 34.5 28.1 9 .9
KCl 43.5 3 0 .0 11.2

HNO, 42.2 10.0 10 .0

Mucor plumbens Control —
H2() 37.0 27.6 10.0
KCl 34.5 31.6 11.8
H N 03 39.0 11.7 7.7

SUMMARY

On the  effect of microorganisms Pseudomonas sinuosa, Mycobacterium 
citreum, Actinomyces №. 4, Mucor plumbens, the  decomposition of humic 
acid com plexed w ith  Ca, Fe, and  Cu took place.

In  the  process of constan t tem peratu re  trea tm en t of complexes w ith 
microorganisms, m etals were released to  finally bond them  to the m icro
organisms.
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M ETABOLISM  OF AROMATIC COMPOUNDS IN  SOIL

F. K u n c

INSTITUTE Ob’ MICROBIOLOGY, CZECHOSLOVAK ACADEMY OF SCIENCES, 
PRAGUE, CZECHOSLOVAKIA

A rom atic stru c tu res represen t a p a r t of hum ic and  lignin compounds. 
I t  is therefore assum ed th a t  processes of their transform ation  could occur 
also during the decay of native soil organic m a tte r and  p lan t residues in 
soil. W ith  regard  to  the  im portance of m icrobial transfo rm ation  of aro 
m atic monomers w ithin the fram e of to ta l changes of soil organic m atter, we 
a ttem p ted  to  characterize in detail the  course of these processes under 
the com plex conditions prevailing in soils. Special a tten tio n  was paid  
to  the possible influence of some environm ental factors on the  m icro
organism s involved.

The ra te  of oxidation of particu la r arom atic com pounds in the soil m ay 
differ. Quinic acid was oxidized m ost rapidly, the lag phase of the ox i
dation of o ther substances was prolongated in the sequence p-hvdroxy- 
benzoic acid, vanillin and  coum arin.

Only one peak  was observed in the  ra te  of oxygen u p take for the  ox ida
tion of some com pounds, e.g. quinic acid, p-hydroxybenzoic acid, and  sali
cylic acid. Two or more peaks, w ithin the concentration range from  2 till 
20 micromoles of substra te  per 1 g of a ir-dry  soil, appeared  in the case of 
benzoic acid, coum arin and  vanillin. The appearance of more peaks on the 
oxygen consum ption ra te  curves m ay indicate the sequential induction 
of enzymes partic ipa ting  in the oxidation of particu la r in term ediates or 
the  succession of different types or groups of microorganisms.

More a tten tio n  was paid  to  the stu d y  of vanillin decom position because 
of cu rren t incidence of this m etoxv lated  phenolic aldehyde in the stru c tu re  
and  m etabolic changes of lignin and  hum ic substances. The biochem ical 
reactions such as oxidation, dém éthylation  and  arom atic ring fission are 
also included both  in vanillin and  lignin degradation pathw ays.

On the basis of the oxygen consum ption ra te  curve it m ay be assum ed 
th a t  in the oxidation of vanillin in soil suspension during the first peak 
arom atic in term ediates were oxidized. The second peak corresponded to  
the  oxidation of non-arom atic com pounds. This presum ption  was supported  
by am ount of oxygen consum ed and  by  the results of chrom atographical 
analysis of the e th er ex tracts  of soil in the respective phase of the p ro 
cess. The occurrence of vanillin, vanillic acid, and protocatechuic acid 
successively was determ ined. No arom atic conpounds were found a f te r  the 
last peak  was sta rted .

The d a ta  ob tained  by  the S tan ier’s technique of sim ultaneous adap ta tion  
were found to  be in agreem ent w ith  the results of chrom atographic analysis. 
I t  m ay be therefore concluded th a t  vanillin is decomposed in the soil v ia
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vanillic acid and  protocatechuic acid before the arom atic ring is opened. 
The possible connection betw een the m etabolism  of vanillin and  p-hvdro- 
benzoic acid in soil m ight be supposed.

B oth  to ta l num ber of bac teria  and  relative incidence of bac teria  u tiliz
ing vanillin as the only source of carbon and  energy increased during the 
vanillin decom position in soil. Tw enty-one stra in s of bacterial vanillin 
decomposers were isolated. F rom  th is  set 15 strains were identified as 
Pseudomonas sp., 5 strains as Cellulomonas sp., and 1 strain  as Achromo- 
bacter sp.

D ifferent s trains of bacteria , isolated from  soil, m ight oxidize vanillin 
in different ways as shown by  the shape of resp iration  curves.

1) The curve of the  ra te  of oxygen consum ption for the oxidation of 
vanillin by  Pseudomonas sp. (V 2) revealed two peaks. The first peak corre
sponded to  the oxidation vanillin to  vanillic acid according to  the findings 
of the chrom atographic analysis and  am ount of oxygen consumed. The 
second peak was due to  the  oxidation of vanillic acid and  following aro 
m atic and  non-arom atic in term ediates. T otal am ount of oxygen consum ed 
was equal to  70%  of the  theoretical am ount required  for the com plete 
oxidation of the given am ount of substra te  to  carbon dioxide and  water.

2) U nder the  same conditions the stra in  Cellulomonas sp. (V 9) oxidized 
vanillin to  vanillic acid only. I t  was confirmed also by  the  findings of 
chrom atographical analysis and  by the oxygen u p take m easured.

3) The resp iration  curves ob tained  in pure culture of Cellulomonas sp. 
(V 12) was sigmoid, w ith  one peak only. However, the  to ta l am ount of 
oxygen consum ed was equal to  60%  of the  theoretical am ount required  
for the  com plete oxidation of the given am ount of substra te  to  carbon 
dioxide and  w ater.

E nv ironm ental conditions m ight d istinctly  influence the oxidation of 
vanillin. The experim ents w ith  w ashed cell suspensions of Cellulomonas sp. 
revealed th a t  the  optim um  p H  for the oxidation of vanillin to  vanillic 
acid was 6.5. The lag phase of the resp iration  curve in the fu rth e r oxida
tion of vanillic acid was shortest a t pH  7.5. Vanillic acid was no t oxidized 
a t  pH  8.5 during the 13 hours of incubation, vanillin was no t oxidized a t 
p H  9.1. The influence of clay m inerals on the decomposition of arom atic 
monomers in soil was also observed. B oth  dioxide production and  oxygen 
consum ption during the  oxidation of vanillin were accelerated in relation 
to  the increasing am ount of m ontm orillonite added.

The addition  and  following decomposition of source of carbon and 
energy in the soil m ay influence the am ount, composition and  m etabolic 
ac tiv ity  of the  m icroflora tak ing  p a r t  in ano ther m etabolic process and  
consequently  the course of the  transform ation of th a t  compound. These 
in teractions are usually  very  com plicated and th ey  m ay be brough t about 
a t  d ifferent levels.

The enrichm ent of soil w ith  glucose led to  the acceleration of the vanillin 
decom position in soil. The sim ilar effect on vanillin oxidation in soil was 
observed also w ith ribose, fructose, glutam ic acid, p y ru v a te  and  malic 
acid. The p re trea tm en t of the soil w ith  glucose shortened  the lag phase 
of the oxidation no t only in the case of vanillin b u t also of quinic 
acid, p -hydroxybenzoic acid and  coum arin. The oxygen consum ption for 
the oxidation of fulvic acids represen ting  the fraction of native soil organic
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m atte r  w ith  significant arom atic character was d istinctly  accelerated a fte r 
20 hours preincubation  of the soil w ith glucose.

The technique of sim ultaneous ad ap ta tio n  and  chrom atographic analysis 
indicated  th a t  the biological decomposition of fulvic acids involved arom atic 
m onom ers such as vanillin, vanillic acid, p-hydrobenzoic acid, and  pro- 
tocatechuic acid.

I t  was shown th a t  the am endm ent of soil w ith  glucose, ribose, fructose, 
glycine, glutam ic acid, p y ru v a te  and  malic acid led n o t only to  the general 
proliferation o f microflora in soil b u t also to  the increase in relative inci
dence of specific vanillin decomposers.

In  order to  find the possible explanation of preferen tia l proliferation of this 
physiological group of microbes the effect of glucose on the vanillin decom 
position in washed cell suspensions of bacterial vanillin decomposers was 
investigated. In  contrast to  the well known influence of glucose described 
as catabolite repression or inhibition it was observed th a t the presence of 
glucose m ight induce the  form ation of certain  enzym atic system s involved 
in the  arom atic su b stra te  decomposition.

While the stra in  of Cellulomonas sp. oxidized vanillin during 6 hours 
only to  vanillic acid, in presence of glucose also the second peak  of oxygen 
u p tak e  arose, i.e. vanillic acid was fu rth e r oxidized. Glucose influenced 
neither the oxidation of vanillin to  vanillic acid nor the oxidation of proto- 
catechuic acid which is considered to  be the n ex t in term ediate  following 
vanillic acid in th is m etabolic pathw ay . I t  could be assum ed th a t the g lu 
cose stim ulated  p robably  the oxidative dém éthylation of vanillic acid.

On the  basis of d a ta  presen ted  the following general conclusions m ay 
be draw n: The m etabolism  of arom atic com pounds in the soil is re la ted  
to  the  density  and  poten tials of microorganisms involved. The activ ity  
and  succession of p a rticu la r groups of microorganisms are affected by the 
com plex of environm ental factors. The enrichm ent of soil w ith  glucose 
or o ther sources of carbon and  energy m ight influence the decom position 
of arom atic substances n o t only through the  increase in to ta l m icrobial 
counts b u t also by  affecting their m etabolism , by  the induction of specific 
enzym atic system s which could result in preferential incidence of arom atic 
substra te  decomposers. The analogy between the  effect of glucose on the 
ab ility  of the  soil m icroflora to  utilize arom atic substances and  the role of 
the microflora in the “prim ing effect” , in which enrichm ent of the soil w ith 
glucose leads to  the intensification of the m ineralization of native  soil 
organic m atte r, could be assumed.
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M ICROBIOLOGICAL INV ESTIGATIONS ON 
SPRU CE RAW  HUM US

H. Ma i

TECHNICAL UNIVERSITY, SECTION OF FORESTRY, DRESDEN-THARANDT, GDR

In  the m ountain regions of the GDR the spruce forests, as a rule, grow 
on soil w ith  low lime content, the n u trien t supply of w hich is poor to  
m edium. U nder these conditions the dead organic substance is n o t decom 
posed quickly enough, only to  an inadequate ex ten t and  consequently 
the n u trien ts  fixed in the raw hum us do n o t become readily  available to  
the higher p lants, and  the s tan d  grow th is often inhibited. The acceleration 
of the m etabolism  is in the main a problem  of soil microbiology. The soil 
m icroorganisms can be ac tiva ted  by adequate fertilization measures. 
Though the microbiology of forest soils was investigated  already by Fehér 
(1933), forest fertilization experim ents were h itherto  eva lua ted  microbiolog - 
ically only to  a lim ited  ex ten t. F iedler and  F iedler (1961) as well as F iedler 
et al. (1963) checked the effect of s tan d  liming on the microflora of spruce 
raw hum us. P apers by Loub (1959), Schneider (1959) as well as F ranz 
and  Loub (1959) dealing w ith  soil-biological investigations on fertilization 
experim ents w ith lime an d  nitrogen are available. A supplem entary  report 
is given on two tria ls w ith  spruce raw  hum us, the objective of which con
sisted in investigating the effect o f the  n u trien ts  Ca, N  and P  as we 11 as of 
a  d ifferentiated  lim ing w ith  and  w ithout N P K —fertilization. One experi
m ental p lo t (trial I) lies in the  B ärenburg d istric t (eastern p a r t of the 
Erzgebirge) w ithin the site of the  m oderately fresh A ltenberg quartz -por
p hyry  podzol. I t  belongs to  the fairly  poor site u n it group w ith average 
w ater supply a t m edium  altitudes and  m oist clim ate. The soil is poor in 
p lan t nu trien ts , especially phosphorus. In  the year of the  investigation 
the  spruce s tan d  was abou t 70 years old. The varian ts  and  fertilizers applied 
are presen ted  in Table 1. Calcium was given in the form  of lime w ith  63%  
CaO, N  in the  form of calcium am m onium  n itra te  w ith 25%  N  and  P  as 
Thom as phosphate w ith  16% P 20 5 con ten t respectively.

The second experim ental p lo t (tria l II )  is s itu a ted  in the Ilm enau/G ehren 
forest en terprise on the crest L anger Berg (800 m etres above sea level) 
in the Thuringian Forest. The more th an  100-year-old spruce s tan d  grows 
on an iron-hum us podzol which developed from  F rauenbach  quartz ite  in 
Pleistocene layers. The liming experim ent carried out in com bination w ith  
N P K  fertilization on a th ick  raw  hum us layer, com prises the varian ts  p re 
sen ted  in Table 3 .A s for the applied slag sand  and  m etallurgical lime, i t  deals 
w ith  Ca silicates of equal chemical com position, b u t different granulation.

P articu lars  of the tria l layout as well as of the tria l itself were described 
by  Mai and  F iedler (1968, 1969a, b, c) Of the num erous tria l results only 
ex trac ts  can be p resen ted  here.
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A m oun t of nu trien ts incorporated into the ploughed 
layer of soil in  trial l

T able 1

Variants
of experiments Active substance of fertilizers, kg/ha

(control)

Control —

Ca 3140 kg CaO
N 165 kg N
CaX 3140 kg CaO -f- 165 kg N
N P 165 kg N + 175 kg p2o 3
CaNP 3140 kg CaO + 165 kg N +  175 kg P 20

R E S U L T S

1. Chemical investigations. Tables 2 and  3 show some chemical charac te r
istics of bo th  experim ental plots.

T able 2
M a in  chemical characteristics of the soil in  tria l I

Variants of experiments 
(control)

I’H
(KCl)

Total C I Total JSr 1
1 с/х

ratiocontent, %

К itrate-X 
(in mg N/100 g 

of dry soil)

Control 2.9 47.9 1.71 28.0 0.7
N 3.2 47.6 1.71 27.8 1.0
Ca 4.7 44.1 1.70 25.9 2 .5

NP 4.6 44.0 1.05 26.7 5.9
CaN 4.8 43.0 1.69 25.4 7.2
CaNP 5.6 40.1 1.62 ! 24.8 7.7

T able 3
M a in  chemical characteristics of the soil in  trial I I

Variants of experiments 
(control)

Ca°
dt/ha

pH
(KCl)

Total C Total X 

content, %

С/х
ratio

A rnmoniuni-X 
1 (in mg N/100 g 
1 of dry soil)

Control _ 2.7 50.8 1.42 35.8 6 .8

Slag sand 57 3.5 31.6 0 .8 6 37.0 6 .8

Coarse 114 3.8 29.3 0 .8 6 34.4 2.4
Metallurgical 57 4.6 43.1 1.28 33.7 3.8
Lime, ground 114 5.2 37.0 1.08 34.4 4.2
H ydrated 57 5.6 38.1 1.18 32.3 2.5
Lime 114 5.5 33.5 1.08 31.0 4.0

In  tria l I  the pH values increased m arkedly by lime as well as by  phos
phorus fertilization. The single trea tm en t w ith calcium am m onium  n itra te  
increased the p H  values only slightly. F or the  v arian ts  Ca, N P. CaN and
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CaN P the  carbon con ten t was significantly lower th an  for 0  and  N. The 
slight decrease of the  carbon con ten t in some varian ts  was n o t significant. 
The C/N ra tio  dim inished in accordance w ith  the decrease of the C content. 
N itra te -N  was found in the  u n trea ted  plots only in very  sm all quantities. 
F ertilization  w ith  calcium  am m onium  n itra te  did  no t also increase signi
ficantly the n itra te -N  conten t; its effect, however, in com bination w ith  a 
lime and  phosphate was good.

In  tr ia l I I  lime fertilization increased the pH -values depending on form 
and  q u an tity  of lime. The C and  N  contents as well as the C/N-ratios de
creased. The g rea test effect was always ob tained  w ith h y d ra ted  lime, the 
w eakest effect w ith  coarse slag sand. The am m onium -N  con ten t significantly 
decreased in all varian ts  except th a t  of the lowest slag sand dosage. On this 
experim ental p lo t n itra te -N  was found in considerably less quan tities than  
in tria l I. The quan tities were so small th a t  th ey  could no longer be exactly  
ascertained. A slight increase of the N 0 3—N con ten t was recorded especially 
a f te r  tre a tm e n t w ith  h y d ra ted  lime.

2. N um bers of bacteria , fungi and  Actinomycètes: The actual and  
relative num bers of the groups of microorganisms are p resen ted  in the 
Tables 4 and  5.

In tria l I  the bacterial num bers in all varian ts  increased m arkedly a fte r 
fertilization. Com pared w ith  the control the  increase was in all varian ts 
— except single N  fertilization — sta tistica lly  significant. The best effect 
was produced by the  fertilizer com binations N P  an d  CaNP. Actinomycètes 
were ra re ly  found on u n trea ted  plots. In  all varian ts, especially CaNP, 
th e ir num ber increased. In  this tria l the actual num bers of the  microscopic 
soil fungi did  no t change significantly. However, the  relative portion of 
fungi in the to ta l num ber of germs dim inished in all fertilizer varian ts.

T ab le  4
Numbers of microorganisms in  trial I  in  the F  y-horizon 

(indicated in 10,000/g of dry soil)

of experiments X % X % X %

Control 119 79.3 30 20.0 1 0.7
Ca 639 94.9 26 3.9 8 1.2
X 284 86.3 43 13.1 9 0.6
CaX 800 95.6 28 3.3 9 1.1
X P 1563 97.1 41 2.5 6 0.4
C aX P 1467 96.9 29 1.9 IS 1.2

In  tria l I I  the th ick  raw hum us layer of the u n trea ted  plots contains 
considerably less bac teria  th an  th a t of tria l I. Lim ing led to  an  increase in 
the num ber of bacteria, especially when m etallurgical and  hy d ra ted  lime 
were given. The num bers of microscopic soil fungi decreased in m ost varian ts 
significantly. The relative ra tio  of fungi in the to ta l num ber of germ s de
creased to  a very  great ex ten t. Lim ing ied to  a considerable increase in the 
num ber of Actinomycètes.



N um bers of microorganisms in  tria l I I  in the 1 \ -  and H-horizons 
(indicated in  10,000/g of organic substance)

Table 5

Variants of 
experiments

Ca
applied
dt/ha

Bacteria Fungi Act i nomy cetes

X % X О/ X 0//0
Control 29 38.7 44 58.7 2 2.7
Slag sand, 57 87 58.8 33 22.3 28 IS .9

coarse 114 96 56.8 28 16.6 45 26.6
M etallurgical 57 177 7.5.0 24 10.2 35 14.8

lim e g round 114 228 85.4 15 5.6 24 9.0
H y d ra ted 57 210 78.1 25 9.3 34 12.1)

lime 114 204 80.9 19 7.5 29 11.5

T able 6
CO ̂ -release in  laboratory of material taken from the 

F-horizon in  tria l I  and I I  
(indicated in  mg CO J g  of dry soil in  24 hours)

Variants of experiments in trial I

Control Ca N CaX PX CaNP

C 0 2 2.5 3.7 2.7 2.7 3.9 4.1
m g/g /day

Variants of experiments in trial II

Slag sand, coarse
Metallurgical

Lime
Ca applied, dt/ha lime ground

Control J 57 114 57 114 57 114

со,
m g/g/day

1.3 1.5 1.7 2.5 3.4 3.2 3.7

T able 7
Decomposition of cellulose at the boundary between the A A 2-horizons 

( in  %  of the parent substance )

Variants of experiment in trial L

Control I Ca X 1 CaN PN CaNP

D ecom position o f cellu
lose, % 21.2 40.7 43.0 ! 41.2 49.4 47.7

Variants of experiment in trial II

Metallurgical
Hydrated LimeSlag sand, coarse

lime ground

Ca applied, dt/ha Control 57 114 57 114 57 114

D ecom position of 
cellulose, % 43.3 65.1 71.5 69.8 79.0 63.5 64.4
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3. C 0 2-release an d  decom position of cellulose. The m icroorganism s by 
fertilization m easures caused the intensified ac tiv ity  which m anifests itself 
in an  increased C 0 2-production (Table 6). In  bo th  trials the C 0 2-release 
increased depending on the increasing num ber of bacteria.

The decom position of cellulose was determ ined  by applying th e  gauze 
bag tes t. In  tria l I  the bags were k ep t in the  soil for seven m onths, and  in 
tria l I I  for five m onths (Table 7).

In  bo th  tria ls  the cellulose was more com pletely decom posed in tre a ted  
plots th an  the u n trea ted  ones. However, significant differences between 
the  fertilization v arian ts  could n o t be ascertained.

4. Species com position of microscopic soil fungi and  bacteria . The more 
often  occurring species of microscopic soil fungi are p resen ted  in Table 8 
for tria l I.

T able 8
Species of microscopic soil fungi in  tria l I  in  the F -horizon, 

Population densities 1 —5 ( l e d )

Species of microscopic fungi
Variants of experiments

Control Ca CuNP

I. PH YC O M YC E T E S, M U CORALES
Mucor ramannianus 5 4 4
Mucor, ser. R acem osus 9 1 1
Mucor, ser. H iem alis 1

JRhizopus nigricans 1 3 9

I L  F U N G I1M  PE R F E C T  I , MON IL IA  LES
a) Moniliaceae

Trichoderma köningi 3 4 3
Trichoderma lignorum 
Pén icillium  ser.

2 3 2

M o n o v ertic illa ta  I 
Pén icillium  ser.

3 2 1

M on o v ertic illa ta  I I  
Pén icillium  ser.

3 3 1

M o n o v ertic illa ta  I I I 2 1 1
Pén icillium  ser. 2 1
A sim etria  
Pén icillium  ser. 3 1 1
B iv e rtic illa ta  I  
Pén ic illium  ser. 
B iv e r tic illa ta  I I

4 2 2

Verticillium sp. 1 2
Verticillium sp. 11 

b )  Dematiaceae
1

Pullularia pullulons 1 2 9

I I I . M Y C E L IA  ST E  R I L IA
sp. 1 1 1
sp. 2 1
sp. 3 1 1 2
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M oreover, there was a num ber of species which occurred only singly. 
The p redom inan t num ber of fungus species was identical in all the three 
varian ts. The species occurring m ostly are Mucor, Pénicillium  and  Tricho- 
derma. The frequency of the  individual species was subject to  changes in 
the different varian ts. To give an exam ple, owing to  fertilization with 
lime as well as CaNP, the  num ber of Mucor species decreased slightly  in 
com parison w ith  the u n trea ted  varian t.

In  the u n trea ted  plots m ost Pénicillium  and  Verticillium  occurred in 
g rea te r num bers th an  on trea ted  plots. A ltogether, fertilization caused 
some changes in the species spectrum  of the microscopic soil fungi; however, 
the differences were n o t very  large.

Fertilization  led also to  changes in the species spectrum  of bacteria. The 
num ber of regularly  occurring species was very  low in the u n trea ted  raw 
hum us. Only seven bac teria  species forming no sjaores could be found. 
Owing to  fertilization w ith Ca and  CaNP the species spectrum  was extended 
to  five spore-form ing species and  18 non-spore-form ing species.

DISCUSSION

The results of the  two fertilization tria ls show th a t the m icrobial ac tiv ity  
in raw hum us can be increased by  appropriate  fertilization trea tm en ts. 
On the  poor site w ith  extrem ely  low P  con ten t in the easte rn  p a rt of the 
Ore M ountains (Erzgebirge) an effect was ob tained  n o t only by liming, 
b u t also to  a g rea t ex ten t by fertilization w ith Thom as phosphate. On 
the o ther hand, one year a f te r  N -fertilization the application of calcium 
am m onium  n itra te  w ithout prelim inary  liming led only to  slight changes. 
The lime fertilization experim ent carried out in the Thuringian Forest 
showed the possibility of increasing the m icrobial ac tiv ity  even under 
extrem e site conditions. In  this work the differences between the individual 
lime forms were arranged  in the following gradation: slag sand  (coarse), 
m etallurgical lime (ground), hydra ted  lime. In  most cases the double lime 
q u an tity  had  a stronger effect th an  the single dosage, b u t the  differences 
betw een the  lime quan tities were less pronounced th an  those between the 
lime forms applied. The more intensive decom position of the raw  hum us 
and  the n u trien t release usually  associated w ith it  will have a positive 
effect on the n u tritio n  of spruce under proper clim atic conditions on edaphi- 
ca llypoor sites. F o r tria l I  yield investigations were in itiated . I t  is by  no 
means the case th a t  increased m icrobial ac tiv ity  m ust always be followed 
by  an increase in yield. The relatively sm all q u an tity  of m ineral nitrogen 
can first tem porarily  be fixed by the increased num ber of m icroorganisms 
(see tria l I I ,  Table 2), so th a t  a t  first the trees are supplied w ith  soluble 
nitrogen in quan tities sm aller th an  prior to  fertilization. F or this reason 
g reat im portance is a ttach ed  to  finding o u t the suitable fertilizer com bina
tions.

The microbiological results obtained on a small num ber of sites cannot 
be applied to  o ther site conditions w ithou t difficulty.

In  these two tria ls  th e  species spectrum  of the microscopic soil fungi 
differed on the u n trea ted  plots; m oreover, in tria l I I  the bac teria  were 
represen ted  in num bers still sm aller th an  in tria l I. Therefore, i t  is expe-

206



dien t to  carry  ou t microbiological investigations of soils in scientifically 
defined site un its the  so-called basic units, additionally  tak ing  in to  consid
eration  the  effect of tree species. A t the same tim e, good prospects are 
thus given for generalizing the results.
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OF ORGANIC M ATTER IN  SOILS
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OF AGRICULTURAL SCIENCES, B ER LIN , M ÜNCHEBERG, GDR

The soil m ay be considered as an  open system  constan tly  changing energy 
and  substances w ith  th e  environm ent. The composition of the  sub
s tra te  influencing the  am ount of organic com ponents such as the tra n s 
form ation of their living to  nonliving forms, the change between high m olec
ular and  low molecular, hum ified and  non-hum ified, chelated  and  non- 
chelated  com pounds should be particu larly  followed.

Intensified p lan t grow th causes a  more extensive exchange of energy 
and  substances between soils and  th e ir environm ent. I t  seems to  be very  
im portan t to  determ ine clearly the fluxes of energy and  m atte r under 
various steady  sta tes of the system . G reater a tten tio n  m ust be paid  th an  
before to  the m olecular chemical relations between humified and  non- 
hum ified soil com ponents.

Such investigations are m ost valuable because the soil conditions an d  the 
application of chemicals in agriculture are closely connected. The main 
essence of the problem  seems to  be the m olecular properties which are re 
sponsible for the resistance of hum ic substances observed also in micro- 
biologically active soils. The result of resistance of humic substances is 
a sojourn tim e from  103 years and  a 10—100 fold enrichm ent from  the 
yearly  deposited organic residues. The presen ted  study  tries to  find a quali
ta tiv e  answer to  th is question.

F irs t of all the basis of microbial transform ation of the so-called readily 
decomposible substances will be discussed. So far these substances are 
w ater soluble it  is no t difficult to  understand  their u tilization by  micro- 
organims, because a diffusibility and  a perm eability  th rough  the cell m em 
branes of microorganisms can be supposed. But there are easy decomposible 
no t w ater soluble substances w ith  high m olecular weight too. A microbial 
action outside the m em brane m ust certainly be assum ed by such su b 
stances. Cellulose, chitin, keratin , amylose and o ther com pounds m ay be 
regarded  as substances of th is natu re .

Their microbial transform ation  begins w ith  an ectoenzym atic depolym eri
zation to  soluble products w ith  more favourable properties from  the po int 
of view of perm eability . The way in which microorganisms can get inform a
tion abou t the quality  of the available, b u t in w ater insoluble m a tte r  m ust 
be om itted  in the first approxim ation. This inform ation is supposed to  
be responsible for the production of an  enzym atic system  suitable for the 
depolym erization of specific substrates.

Furtherm ore, we are no t sure w hether this enzym atic ac tiv ity  occurs in 
a contact effect regu lated  by the m em brane of cells of microorganisms, or
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i t  appears as a d is tan t effect outside such a regulation. I t  can be assum ed 
th a t  enzym e production possessing molecular weights from  104 to  10e means 
m etabolic expenditure requiring an economic use on the basis of contact 
effect and  w ith the possibility of resorption.

On the  one hand  a certain  m inim um  concentration is required  by  this 
actions justify ing the expenditure of production of enzym es and on the 
o ther hand  corresponding possibilities for enzym e-substrate complex 
form ation postu la ted  by  Michaelis and  M enten are required . These above 
m entioned suppositions are undoubted ly  succeeded by biopolym ers as 
starch, cellulose and  proteins. In  this case the process of depolym erization 
begins a t  places by sterically  no t p ro tec ted  macro-molecules. U nder these 
conditions th e  yields of enzym atic actions can be expected to  be high 
and  the  m easure of transform ation  g reat because a high concentration of 
su b stra te  and  a strong succession of sp litted  bonds exist in the system . 
This is illu stra ted  in Fig. 1, from  which the feature of chemical forms can 
be seen as well as a schem atic p ictu re particu larly  dem onstrating the  con
tinuous un lim ited  succession of the chemical bonds in case of starch , cellu
lose and  pro tein  serving as substra tes by  enzym atic depolym erization. 
This rule is to  be considered as the im p o rtan t factor explaining the weak 
persistence of these substrates in the  soil. In  addition to  this, it can be 
rem arked  th a t  the  designation of bonds are quite a rb itra rily  a ttached .

W ith  regard  to  the so-called slow or difficult-to-decompose substances 
such as lignin which is a t  the  sam e tim e a p ro to type of these substances 
we can ask the question which factors delay the decom position? This p h e
nom enon cannot be explained for sure because lignin is rich in low energy 
bonds C—C and  C—0 —C and a t  the  same tim e is difficult to  hydrolyze.

B y clarifying the  biochem ical transform ations occurring w ithin the 
organism , the possibility of linkage or breakdow n of these bonds w ithout 
any  difficulty by  enzym atic catalysis is created.

I t  should be regarded th a t  there is a three dim ensional linkage of C —C and 
C — О — C bonds in lignin. The transform ation  of such units in to  low m o
lecular units presum es an in teraction of a t  least th ree enzyme system s from 
different kinds. Beside them  quite various linking p a tte rn s  exist in the 
side chains of these com pounds (Freudenberg 1964). The figure shows 
only one of these various possibilities. E nzym atic a ttack s of the aliphatic 
s tructu re  occurring during the decomposition are therefore of a sm aller 
im portance. I t  should also be seen th a t enzym atic effect in the decomposi
tion of lignin is relatively  inhibited. This phenom enon can be considered as the 
m ain cause of the delayed decom position of lignin molecules. In  th is con
cept i t  is very  im p o rtan t th a t  F laig and  H aider (1968) have found th a t 
the splitting  of arom atic rings is the beginning of the m icrobial decom po
sition of lignin. B ut the ring system  is the m ost fundam ental basis of the 
lignin s tru c tu re  and  therefore the m icrobial adap ta tion  of this p a r t of the 
whole s tru c tu re  m ust be supposed as a m ost probable success. This result 
is an indirect confirm ation of the whole view of th is study. In  th is concept 
it m ust be s ta ted  th a t  the m acrom olecular arom atic linkage of humic 
substances is n o t responsible for their long-term  stab ility  in the soil. M ore
over, various ways of reactions m ust be considered as possibilities leading 
to  transfo rm ation  of hum ic substances and  a  lot of com pounds m ay be 
transform ed to  hum ic substances or m ay react w ith  them .
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Fig. 1. T he enzym atic  depo lym eriza tion  o f n a tu ra l polym ers u n d e r th e  a sp ec t o f th e  sta te  o f  m olecular o rd e r



W ith regard to  th is it is to  be postu lated  th a t there is a s ta te  of 
m olecular order of hum ic substances whose final stage is m arked by 
absolute irregularity  and  nonreproducibility . In  conclusion, the high stab ility  
of hum ic substances in soils w ith a g reat m icrobial ac tiv ity  can be ex 
plained. A ttack of enzymes is always specific and  the exceptional spe
ciality  of hum ic molecules results in an enzym atic ac tiv ity  against the 
hum ic substances because the enzymes are not able to  use these 
com pounds as substrates (see also K leinhem pel 1969). F igure 1 shows 
this concept. Two types of hum ic molecule p arts  represen ted  in the figure 
should be in agreem ent w ith the p resen t stage of our knowledge on 
th is subject.

The simplified scheme m oves out from  the concept th a t  hum ic acids 
consist of a p ractical un lim ited  num ber of m onom er units which are linked 
by nearly  100 various linkage sequences. The type of chain s tructu re  is 
characterized by the linkage atom s and  their neighbouring atom s.

The possibility of variations between the reacting com pounds and  their 
linkage types leads to  a g reat variab ility  in this hum us s truc tu re . The 
reac tiv ity  and  frequency of arom atic ring system s are responsible for their 
accum ulation in the stru c tu re  of th is perm anently  changing system . The 
figure shows th a t a supposed a ttack  yields results unlikely to  realise any 
enzym atic reactions which could be characterized in a m atrix  w ith s ta tis 
tical d istribu tion  of the substrates. R egarding th is concept and assum ed 
conditions in which IG =  d H —T/1S is eva lua ted  as a form  for processes 
s ta rtin g  spontaneously in form ation of hum ic substances no t so very  
favoured by high values of en th a lp y  of free set reaction (negative , I // values) 
b u t m ore by a high income of en tropy  (positive /1Н values).

H um ic substances appear under these aspects as therm odynam ically  very  
stabilized and  highly random ized molecular s tructu res whose enzym atic 
depolym erization is loaded w ith a high grade of im probability.

Furtherm ore, high values of activation  en tropy  can be expected by the 
three-dim ensional linking of hum ic macromolecules which decreases the 
possibilities of a favourable arrangem ent of the enzym e-substrate-com plex.

A t last hum ic substances w ith  a g reater m atu rity  have en tropy  m axim um  
which cannot be exceeded by a destruction  of the stru c tu re  to free diffusible 
m onom er units.

Thereby the reception microorganisms and the m ineralization is n a tu 
rally  blocked. Beside them  a spontaneously to ta l reaction w ith posi
tive values of en tropy  and  negative values w ith  en thalpy  should be 
added.

At the same tim e by  m eans of the theory  given here it is possible to 
explain why certain  nonhum ic substances e.g. p roteins and celluloses are 
always associated w ith hum ic substances and thereby  pro tected  against the 
ac tiv ity  of m icroorganism s (.Mavaudon 1968). The m atrix  of hum ic su b 
stances has here a function as adsorbent on the stren g th  of their random ized 
m olecular s tru c tu re  can give a steric pro tection against enzym atic influ
ences.

The “prim ing effect” will be also accessible to  a therm odynam ical in te r
p reta tion . One has to  go out from  the fact th a t the level of enzymes increases 
on application of easily decomposable substances resulting in a higher possi
b ility  of collision of enzyme an d  substra te  on the humic m atter.
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U nder such conditions the grade of im probability  for the degradation 
is decreased. The same m echanism  can be taken  as basis for the “ Birch 
effect” .

The en tropy  stabilization “hum ification” of organic m a tte r in the  soil 
is a perm anen t process which is favoured by  sorption and  gel perm eation 
of nonhum ified m aterials on and  into the hum ic substances respectively, 
by  local pH  changes in microscojiical areas, by swelling, shrinking, in tra 
molecular change and  by pigm ent reduction of microorganisms. On resting 
in microbial ac tiv a ted  soils the probability  increases th a t these processes 
m ay have a stabilization effect and  th a t the hum ification coefficient rises 
from  0 .2 — 0.3 in case of nonhum ified m aterials to  0.99 in the humified 
state . The longer the rest period needed for stabilization, the g rea ter the 
losses caused by m ineralization and  perhaps m ainly the n a tu ra l level of 
humic substances is low.

The random ized molecular s tru c tu re  confirm ed as the essential aspects 
of the s ta te  of hum ic m atter, possibilities ought also to  be found which 
m ay reduce the required  tim e for the form ation of humic substances and  
the rest period of hum ic substances influencing the stab ility  and level of 
humic m atter.

SUM M ARY

1. The degradation of polym er substances in soils has been considered 
particu larly  from  the point of view of the depolym erization as the first 
step  of accelerated degradation reaction.

2. In  com parison w ith amylose, cellulose, protein, the depolym erization 
of lignin is more difficult while cooperating system s theoretically  are 
to  be supposed free diffusible m onom er units. Thereby, the n a tu ra l way 
of lignin degradation probably  occurs over the splitting  up to  the fre 
quen t and  regular arom atic s tructu res in the lignin molecule.

3. H um ic substances are n a tu ra l organic polym ers w ith  the highest grade 
of m olecular irregularity  or w ith the highest s tructu re  of en tropy. These 
hum ic substances are stabilized against m icrobial activities and  a colli
sion of enzymes and the substra te  is m ost unlikely.

4. Absorbed nonhum ic substances m ay also be stabilized by this mechanism.
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R O LE OF M ICROORGANISM S IN  T H E  TRANSFORM A TION 
OF HUM IC SUBSTANCES OF CAUSTOBIOLYTES

V. T. Smaly

RESEARCH INSTITUTE OF MICROBIOLOGY AND VIROLOGY 
OF THE UKRAINIAN ACADEMY OF SCIENCES, KIEV, USSR

In  connection w ith  the fact th a t  agriculture endures deficiencies in organic 
fertilizers, a problem  arises of the search for new sources of p rim ary  products 
which could be used for obtaining the effective fertilizer. Therefore, a t te n 
tion should be paid  to  the application of caustobiolytes (peat, wastes of 
brown coal), containing a large percentage of humic substances. On the 
basis of these com ponents the m ethod for preparing the biom ineral fe rtil
izer was developed. The main principle in obtaining th is fertilizer is to  
control the intensification of the microbiological processes in the m ixture 
of caustobiolytes w ith  wastes o f the chemical, m etallurgical and  food “ indus
tries” . The biom ineral fertilizers are black, d ry  masses w ith m axim um  mois
tu re  of 40—50%  and  contain the m ain plant n u trien ts  (nitrogen, phosphorus, 
potassium ) abou t 200 kg in 10 tons of the ready  product. Besides the n u 
trien ts, th ey  contain rich useful m icroflora. R egulation of the microbiologi
cal processes for m axim um  ex traction  of the  nu trien ts  from  caustobiolytes 
and  accum ulation of the products as a resu lt of physiological ac tiv ity  of 
m icroorganisms are the im portan t links in the preparation  of the biom ineral 
fertilizers (BMF).

I t  should be no ted  th a t the d a ta  on grouping of microorganisms p artic i
pating  in m ineralization of humic substances are inadequate. W inogradsky 
(1952) advanced  a  hypothesis concerning the existence of the specific 
group of m icroorganisms which take part in  decomposition of hum âtes, 
and  called these microorganisms autochthonous microflora, T epper (1969) 
succeeded in isolating the pure cultures of some represen ta tive of this group. 
He studied their m orphological and  physiological peculiarities and then 
established th e ir generic and  specific origin. The works of M ishustin, N ikitin 
and Ochilova ( 1960), N ikitin (1967), Smaly et al. (1970) and  also of some 
o ther au thors showed th a t  transform ation  of the hum ic substances occurs 
under the effect of the saprophytic microorganisms as well. A ddition of 
carbohydrates and  soluble forms o f nitrogen to  the substra te  under study  
considerably accelerates the decom position process of the humic sub
stances under the effect of different microorganisms and  especially of bac
te ria  from  the genus Pseudomonas.

C austobiolytes (peat, brown coal), being th e  main com ponents of BMF, 
contain considerable am ounts of humic substances. In  th e ir decom posi
tion the m icroorganisms play an  essential role.

Sodium  hum ate was obtained  from  lowland p ea t and  brown coal which 
decomposed on the gel p lates under the effect of different microorganisms 
(Table 1). Sodium  hum ate decomposed m ost actively under the effect of 
bac teria  from  the genus Pseudomonas as well as of o ther microorganisms.
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N um ber of Zonen of solution (sod ium  liumate) per 1 cm2 
of gel plate (term  of incubation  — 60 days)

T able 1

Microorganisms
Total number of zones 
of solution per 1 cm2

Number of zones of 
solution Which are 

completely translucent

Pseudomonas sinuosa 89 63
Pseudomonas fluorescens 1)4 13
Bacillus glulinosus 77 12
Bacillus megatherium 47 6
Mycobacterium citreum 99 54
A ct in omycet es 1. 76 56
Azotobacter chroococcum 82 58
Trichoderma lignorum 57 23

F urtherm ore investigations were conducted as to  the decomposition of 
sodium  hum ate had some hum ic acids (humic, ulmic, lignofulvonic and  
fulvic acids) under tbe effect of microorganisms tak ing  into account the 
carbon decrease and  accum ulation of the hydrolyzed and  am m onia forms 
of nitrogen. The above m entioned hum ic acids were obtained  from  the low- 
land p ea t by W illiam s’ m ethod (1965). U nder aseptic conditions the p repa
rations of sodium  hum ate or some hum ic acids, chalk as well as suspension 
of the microorganisms under study  were introduced to  1 kg of the roasted  
river sand. The am ount of carbon in the substra te  under investigation was 
determ ined  by the m ethod of Tvurin, am m onia-nitrogen a fte r Nessleri-

T able 2
Quantitative changes of carbon, am m onium  and hydrolyzed, nitrogen 

resulting from  humate decomposition by microorganisms 
( m g per 100 g of dry substrate )

Variants

At the beginning of the 
experiment Ii 2 wee! 111 2 months

Carbon
NH3

nitro
gen

Hydro
lyzed

nitrogen
Carbon

N H3 
nitro
gen

Hydro
lyzed

nitrogen
Carbon

NHj
nitro
gen

Hydro
lyzed

nitrogen

Control (sand, chalk, 
Na-humate) 940.0 2.9 7.1 953.0 2.9 891.0 2.7 3.5

Sand, chalk, N a-hu
m ate, Pseudomonas 
sinuosa 1155.0 3.8 6.6 1036.0 6.5 8.6 849.0 3.5 4.3

Sand, chalk, Na- 
hum ate, Actino
mycètes I . 1184.0 3.2 6.8 1107.0 5.9 7.4 789.0 3.8 4.4

Sand, chalk, Na- 
hum ate, Trichoderma 
lignorum 1140.0 3.5 6.6 1117.0 6.3 9.0 955.0 3.8 4.0
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zation of ex tracts  - by colorim etry and  hydrolyzed nitrogen according 
to  Tyurin  and  K ononova (1963). The d a ta  obtained concerning decom 
position of sodium  hum ate are given in Table 2.

From  the d a ta  presen ted  above one can see th a t  there  is an increase in 
the  am out of hydrolyzed nitrogen and more pronounced in the case of 
am m onia afte r two weeks. B y two m onths of incubation the  am ount of 
these nitrogen-form s decreases as well as the carbon-content according 
to  the microorganisms applied.

The d a ta  of humic acid ’s decom position are given in Table 3. As in 
the previous experim ent the am ount of carbon decreases and  th a t  of

T able 3
Q uantitative changes of carbon, am m onia  and hydrolyzed nitrogen 

resulting from  hum ic acid decomposition by m icroorganisms 
( in  m g per 100 g of dry substrate)

Variants

At the be
ex I

ginning
leriment

of the in 2 months 111 3 months

Carbon NH3

Hydro
lyzed
nitro

gen
Carbon XH,

Hydro
lyzed
nitro
gen

Carbon NH,

Hydro
lyzed
nitro
gen

Control (sand, humic 
acid) 1881.75 3.16 5.72 1 «880.0 3.02 6.00 1880.9 3.01 5.5

Sand, humic acid, 
Pseudomonas sinuosa lß21.2 4.13 6.63 1436.4 7.34 10.88 1258.2 6.74 9.24

Sand, humic acid,
Mycobact eriurn 
citreum 1698.4 3.74 6.02 1 780.5 6.75 10.64 1363.7 6.74 8.80

Sand, hum ic acid, 
Actinomycètes 1. 1910.7 2.50 6.35 1840.4 8.78 11.57 1424.0 6.41 9.08

Sand, hum ic acid, 
Fusarium oxispcruiu 1925.18 3.27 5.58 1720.7 7.82 11.39 1861.5 5.71 8.74

am m onia and  hydrolyzed nitrogen increases. The analogous phenom enon 
was observed in experim ents w ith  decom position of ulmic, lignofulvonic 
and  fulvic acid as well. Carbon loss and  accum ulation of the mobile forms 
of nitrogen testify  to  the fact th a t  the investigated  microorganisms p ro 
m ote the decom position of hum ic substances.

In  Table 4, d a ta  are p resen ted  on accum ulation of v itam ins of B-group 
during the  decom position of hum ic acid. From  the given d a ta  one can see 
th a t  in a m onth  from  the beginning of the  experim ent the am ount of biotin, 
jivroxidin and  nicotinic acid increase in the  substra te  under stu d y  followed 
by decrease of their quan tity . The presence of free am ino acids was also 
taken  into consideration w ith  decom position of hum ic acid in a m onth 
from  the beginning of the experim ent. The d a ta  of this experim ent are 
given (Table 5). U nder the effect of microorganisms their am ount rises 
in m ost cases and  am ino acids are found which were no t observed in the
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A ccum ulation  oj v itam ins during decomposition
( in  fig per 100 g

Table 4

Nicotinic Acid

Variants At the beginning 
of the experiment In 1 month III 2 months In 3 months

Control (sand, humic acid) t r a c e

Sand, humic acid, Pseudomo?ias 
sinuosa 1.05 10.90 3.04 2.47

Sand, humic acid, Mycobacterium 
citreum 1.13 22.27 0.97 1.48

Sand, humic acid, Actinomycètes 0.92 17.87 2.56 1.85

Sand, humic acid, fungus Fusa
rium  oxysporum 0 .8 6 17.32 2.59 2.97

m ateria l under study . Sucli free am ino acids as try p to p h an  and  glutamic- 
acid were found in the m edium  of the experim ental varian t w ith the bac
teria l culture Pseudomonas sinuosa. Tyrosine, ornithine, lysine, glycine, 
valine, histidine, g lutam ine were observed in considerable am ounts.

The d a ta  given in Tables 4 and  5 tes tify  to  the fact th a t  w ith decomposi
tion  under the  effect of microorganisms of humic substances the medium

T able 5
Presence of free am ino acids during  decomposition oj Immic acid 

by microorganisms
( in  уд  per 1 g of dry weight of hum ic acid)

Amino acids

Variants of experiment

Control
(sand,

humic acid)

Sand, humic acid, 
Pseudom onas 

sinuosa

Sand, humic acid, 
M ycobacterium  

citreum

Sand, humic 
acid.

Actinomycètes I

Sand, humic 
acid, fungus 

F usarium  
oxysporum

Cystine 21.3 1.53 4.8 —

Arginine 1.92 — 81.0
Serin 1.81 15.5 11.2 687 8.2
Tyrosine 3.4 — — 1.4 20.6
Ornithine 1.7 3.5 — —
Asparaginic acid — — 8.7 7.8
Glutamic acid — 14.4 — — —
Isoleucine — 2.0 — — -
Lysine 3.4 28.2 2.0 37.4 —
Glycine 2.55 8.5 7.3 7.3 10.5
Alanine — 08.0 27.2 4.3
Valine 0.8 — 1.5 10.2
Histidine — 14.1 — 76.5 —
Glutamine — 20.9 — — —
Tryptophan — 25.5 — --
Leucine 5.3 2.0 — —
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of hum ic acid by m icroorganisms 
of drysubstrate )

Pyridoxine Biotin

At the beginning 
of the experiment In 1 mon tit In  2 months In 3 months At the beginning 

of the experiment In 1 month In 2 months In 3 months

t r a c e t r a c e

n 54 0.78 0.024 tr. tr. 0.45 0.33 0.27

0.59 1.28 0.021 tr. tr. 0.32 0.29 0.23

1.43 1.71 0.025 tr. tr. 0.49 0.35 0.19

0.4 0.9 0.025 tr. tr. 0.39 0.34 0.29

becomes enriched in the biologically active substances which are of 
g reat im portance for increasing the quality  of the biom ineral fertilizer.

The prepara tion  of the biom ineral fertilizer under industrial conditions, 
intensification of the microbiological processes in th is fertilizer was realized 
by selection of the corresponding com ponents and  in troduction of the 
m icrobial enzym es of tw o bacterial cultures — Pseudomonas sinuosa 
and  Bacillus megatherium.

U nder conditions of the K iev p lan t for bacterial preparations, a tech 
nology was developed for preparing  the m other culture in the form of a 
d ry  p reparation .

The second culture was used as the bacterial fertilizer for the preparation  
of phosphorobacterin .

In  the  places of BMF prepara tion  in the local in stitu tes of “ Selkhoztekh- 
n ika” the microbial enzym e was prepared  from  the m other cultures which 
was used, as a com ponent of BMF. The investigations showed th a t in the 
process of BMF m atu rity  the bacterial cultures of enzym es develop well 
in the fertilizer and  w ith  its in troduction  into the soil they  become acclim a
tised  to  the rhizosphere of agricultural p lants.

The investigations showed as well, th a t  accum ulation of the biologically 
active substances in the fertilizer and  in the soil occurs bo th  w ith p rep ara 
tion of BM F under industrial conditions and  w ith its introduction into the 
soil.

SUM M ARY

1. Sodium hum ate is obtained from  pea t and  wastes of brown coal and  
from  lowland p ea t — humic, ulmic, fulvic- and  lignofulvonic acids which 
were investigated  as to  their ability  to  decompose under the effect of m icro
organisms.

2. W ith  decom position of hum ic acids, carbon loss and  accum ulation of 
am m onia and  hydrolyzed forms of nitrogen were observed.
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3. W ith decom position of the hum ic substances by microorganism  accu
m ulation of the biologically active substances — vitam ins of В group and  
am ino acids occurred in the substrate .

4. The bacterial cultures were selected and  the technology of preparing 
the m other culture for production of B.M F under industrial conditions 
was developed.
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INFLUENCE OF ORGANIC MATTER ON THE 
HETEIK »TROPHIC BACTERIA IN DIFFERENT SOILS
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D EPARTM ENT OF MICROBIOLOGY OF T H E  HUM BOLDT-UNIVERSITY, 
KLEINM ACHNOW , GDR

The soil contains a  considerable num ber of microorganism  species whose 
functions and  special im portance for the decomposition of organic m atters 
are insufficiently known so far. M oreover it is hardly  known w hether several 
microorganisms are responsible for the decom position of organic m atte r 
in the different soils.

The curren t investigation tended  to stu d y  which m icroorganisms actually  
perform  the  decomposition of determ ined organic substances in the differ
en t soils. F o r this it was necessary, first, to  carry  ou t a qualita tive analysis 
of the microflora an d  consequently to  stu d y  particu larly  the physiological 
perform ances and  po ten tialities of the predom inating microorganisms.

M E T H O D

F or the presen t-day  level of microbiological reseach it is appropriate  to 
m aintain  unchanged conditions th roughou t the laborato ry  investigations; 
in field investigations there are too m any variable factors affecting the 
developm ent of microorganisms. In  model tests  different soil types were 
incubated  a t constant tem peratu res and optim al soil m oisture, the incu
bation  period ranged from  several m onths up to  2 years. Specific organic 
substances have been used, as energy sources as carbohydrates: glucose, 
maltose, pectin  and  cellulose and  the proteins: peptone, casein, casein 
hydrolyzates and  gelatin, separately  and in several m ixtures.

The microflora was quantitatively and qualitatively investigated by 
applying the dilution-plate-method after Koch. Heterotrophie soil micro
organisms, growing on collective culture media, were subjected to the exami
nation. Bacteria, actinomycètes and fungi respectively were separately 
studied on suitable medium.

The evaluation of the dilution plates has been made according to  the 
type m ethod in which by prelim inary  studies the colonies m ainly existing 
on the petri-dishes are fixed as types a fte r their in tegration in a system ic 
u n ity  has been ensured.

R E S U L T S

In  arable soils the decomposition is mainly brought abou t bv bacteria, 
whereas fungi and  actinom ycètes p lay  a less im portan t role in the m ineral
ization of readily decomposed organic m atter.
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Organic m anure produces a definite microflora which is prim arily  affected 
bv the  respective organic substance. The different soils, however, are in 
position to  increase several species of certain  physiological and  system atic 
groups respectively.

Owing to  th e  im portance of bac teria  we will dem onstrate the developm ent 
of different types in this group. Choosing sandy soil (Fig. 1) as an  exam ple 
we desired to  dem onstrate the change in the bacterial flora a fte r the ad d i
tion of carbohydrates and  protein, in th is special case glucose an d  cellulose 
(G, C) and  peptone (P). In  the graph the height of the num bers of m icro
organism s has been p lo tted  bo th  upw ards and  downwards on the ordinate 
in a logarithm ic scale. F rom  the sizes of the figure the predom inating m icro
organism s th roughout the investigation period can be clearly distinguished.

O ut of the basic flora of the unm anured  soil, characteristic groups devel
oped: adding glucose and  cellulose preferable corvneform e bac teria  m ul
tip ly  such as Arthrobacter-, Cellulomonas- and Mycococcus-species. Adding

Fig. 1. C hange o f th e  b ac te riu m  flora in san d y  soils b y  organ ic  m a n u rin g

Arthrobacter I. 

Arthrobacter II.

Arthrobacter III. 

Cellulomonas 

Micrococcus 

Flavobacterium

Pseudomonas I. 

Pseudomonas II.

Bacillus I.

3acillus II. 

Bacillus III. 

Bacillus IV. 

Actinomycètes

without
organic
matter

with
glucose,
cellulose

with
peptone

with
peptone, glucose, 

cellulose
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pep tone, however, Bacillus-species are stim ulated  along w ith  proteolyti- 
cally active Pseudomonas. Conversely, coryneforme bac teria  are depressed 
if peptone is used. Also Bacillus and  Pseudomonas decrease w ith  glucose 
and  cellulose. I f  a com plex m anuring consisting of peptone, glucose and 
cellulose is applied the  influence of peptone is decisive to  such a degree 
th a t  the  bacterial flora develops in the same w ay as the v arian t of peptone. 
Actinomycètes, which dom inate in unm anured  soil decrease strongly a fte r 
m anuring w ith  organic m atter, especially, if pro tein  is used. Only a fte r 
a longer period, abou t 3 quarte rs  of a  year, a f te r  the addition of organic 
m atter, th ey  s ta rt developing again. This tren d  applies to  all carbohydrates 
and  to  all proteins. Thus the flora was more or less identical a fte r the ad d i
tion of m onosaccharides, disaccharides or polysaccharides. As a  m a tte r 
of fact, it was surprising to  notice th a t  a t an  addition of pectin  and  espe
cially of cellulose a flora appears which resem bles a flora brough t abou t

Fig. 2. C hange o f  th e  b ac te riu m  flora in  an  organ ic  soil b y  m an u rin g

Arthrobacter I. 

Arthrobacter II. 

Arthrobacter III. 

Achromobacter 
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Flavobacterium
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Pseudomonas II.

Bacillus
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by a glucose additive. Since only definite flora of m icroorganisms is able 
to  develop on the  culture m edia these findings will m eet w ith a more ready 
comprehension.

.Most of the detec ted  m icroorganism s therefore will live on secondary 
decomposition products in the “ in term ediate phase” of organic m atter. 
So th ey  can be reckoned to  the flora of carbohydrate-m anured  soils. They 
m ust be understood  as “follow up organism s” which are equally responsible 
for the overall decom position of the m acrom olecular carbohydrates, even 
though they  are no t in a position to  develop typ ical pectinases or cellulases.

Generally these trends of bac teria  are to  be observed in all mineral 
top  soils. In  organic soils, however, this tendency  is no t so clearly dem on
strable (Fig. 2). Also ou t of a basic flora (variant w ithout organic m atter) 
the stim ulation of certain  groups takes place : so a stim ulation of Bacilli 
in the p ro te in -varian ts and  a stim ulation of Arthrobacter in carbohydrate- 
varian ts. B u t also it is to  be seen th a t Arthrobacter are prom oted in peptone 
m anured soils and Bacilli m ultiply a t  a faster ra te  w ith carbohydrates.

F urtherm ore the species belonging to  the genera Micrococcus, Flavo
bacterium and  Achromobacter increase more rapidly too. As the adm ixture 
of 1 % of organic m a tte r is fairly low in proportion to  the to ta l am ount 
of organic m a tte r  contained in the fen soil (50%), the  m anifold flora is 
clearly understood. I t  is actually  am azing th a t 1% ° f  this added  m atte r 
affects such a m arked change of flora for a longer tim e in terval. This dem 
onstrates the  im portance of freshly added organic m a tte r for the devel
opm ent of the microflora.

The causes for a  rap id  m ultiplication of definite bac teria  species are 
manifold. T heir enzym atic potentialities, also the changes in the soil reac-

T able 1
Biochem ical activity of different soil bacteria

Taxonomic group1 Gelatin
liquefaction

Casein
1 hydrolysis

Growth on 
nitrate-agar

Bacillus 1 Megatherium + + + + + +
Cerens + + + +  +  +
My со ides + + + + + +

Bacillus I I Subtilis + + + + + + +
Bacillus I I I Circulans + +

Licheniformis + + + ±
Bacillus I V Lentus — —
Pseudomonas I Fluorescens — ± + +

from sand soil 
from fen soil Fluorescens + + + + + +

Pseudomonas 11 + + + + + + + +
Achromobacter + + n. 1).
Arthrobacter I Oxydans — — + + - I -
Arthrobacter I Í Globiforme + + +
A rth robacter I I I Aurescens ± + + - H -
Breviba ct erium + + + + + +

1 T he ty p e  is closely re la ted  to th e  designed group.
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tion and  the an tib io tic environm ent are im p o rtan t factors. M any Bacilli 
show a strong pro teolytic activ ity . This also applies to  some Pseudomonas. 
By con trast, m ost of th e  isolated coryneforme bac teria  had  no or little  
p ro teo ly tic  power (Table 1). Thus the stim ulation of Bacilli and Pseudo
monas in p ro tein -m anured  soils as com pared w ith  the Arthrobacter becomes 
more readily  com prehensible: Arthrobacter ten d  to  lag behind in the com 
petition  for nu trition . In  this context it m ust be recalled, furtherm ore, 
th a t  proteins a f te r  being broken up are able to  diffuse into the cells and 
ac t here a fte r désam ination as sources of energy.

Bacillus lenhis (Вас. IV) is an exception to  the rule, am ong the Bacilli. 
I t  is unable to  b reak  up  gelatin and  casein and  so it is clear why we fail 
to  detec t Вас. IV  a t the beginning of the incubation period. Only la te r it 
can be found, a fte r hydrolyzing protein  by o ther organisms. Since p ro teo ly 
tic  enzym es ac t also as exoenzym es more proteins are broken up th an  
can be assim ilated by the bac teria  them selves; hence, a sufficient q u an tity  
of N -rich organic m a tte r can be utilized by the  Bacillus lentus group.

On th e  o ther han d  the Arthrobacter are superior to  the Bacilli, if organic 
n itrogen  is no t available in sufficient quan tity . Failure of some soil Bacilli 
to  synthesize particu la r am inoacids m ay be the underlying cause. This 
became ev ident at grow th trials conducted w ith  deficient m edia (Table 2).

T able 2
The growth of different bacteria in  deficient-m edia  

(V agnerova e t a l., 1960)

Number of tribes Basic medium Basic medium 
4- amino acids

Basic -  amino acids 
4- yeast extract

Bacillus 1 12 2 11 12
Bacillus 11 6 4 6 6
Bacillus I I I 6 1 6 6
Bacillus I V 8 0 7 8
Pseudomonas I 7 7 7 7
Pseudomonas I I in 9 9 10
Arthrobacter I 10 10 10 10
Arthrobacter I I 8 8 8 8

Thus, if we choose the Bacillus I-group as an exam ple, only 2 ou t of 12 
succeed in growing in a basal m edium  w ithout am ino acids . On the o ther 
hand, all Arthrobacter strains exam ined are capable of synthesizing all 
needed am ino acids, v itam ins and  o ther factors of grow th since all of them  
have been growing in a basal medium.

As an exam ple of the  influence of the pH -values the behaviour of the 
Bacillus cereus-megatherium-group (Вас. I) and  the Bacillus lentus-group 
(Вас. IV) will be shown. A fter addition of peptone a different developm ent 
takes place in the same sandy soil, depending on addition of C aC 03 and  
resulting in various pH -values (Fig. 3): In  the lim ed soil m ainly Bacillus I  
developed, in unlim ed soils Bacillus IV .

The exam ination of various soils has shown th a t  the m anuring w ith  o r
ganic m a tte r  developed specific microorganisms, which can be classified
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I

Pseudomonas

== Bacillus I.

Bacillus II.

Bacillus IV.

w ithin physiological production 
groups. In  the case of these investiga
tions th ey  are in teg ra ted  in to  the car
bohydrate  and  protein-decom posing 
group. I f  organic m a tte r  is used as 
a m anurial agent it  is the absence or 
the presence of proteins th a t  d e te r
m ined the developm ent of one group 
or the other. By transform ing in 
organic nitrogen in to  the organically 
bound s ta te , carbohydrate , m a
nuring  m ay trigger off successions 
and  a t a la te r stage of decom posi
tion it m ay cause microorganisms 
to  develop equally  belonging to  
the  protein-decom posing group . I f  
carbohydrates are no t supplem ented 
w ith  nitrogen no t enough protein  
containing m a tte r  can be produced 
and  the carbohydrate-decom posing 
flora is preserved for a longer p e
riod.

In  conclusion it can be s ta ted  th a t 
ou t of the num erous microorganisms, 
being often  described as soil inhab i
tan ts  and  being often characterized 

by  a m anifold enzym atic potence in decomposing organic m atter, only 
a relatively  lim ited  num ber was found to  decompose organic m a tte r in the 
soil. These m icroorganism s belong only to  few genera. Among bac teria  
p articu la rly  coryneform e bac te ria  along w ith  species of Bacilli and Pseudo
monas a re  to  be found in all soil types if  organic m atte r has been applied 
before. In  addition  also Achromobacter-, Flavobacterium-, Micrococcus- and  
Brevibacterium-species are enabled to  m ultip ly  rap id ly ; y e t th ey  cannot 
be found in all soils. On the basis of the present investigations we cannot 
subscribe to  the  frequen tly  rejaeated opinion th a t  in the individual soils 
a fairly  vary ing  flora m ay account for the decom position of organic

- C o +  0.2 7,

Fig. 3. T he influence o f th e  soil reac tio n  
on  th e  developm ent o f d ifferen t b ac te ria  
a f te r  m an u rin g  w ith  p ep to n e . S ta r tin g  
p H : (unlim ed soil) 4.8, (lim ed soil, 6.8. 
M axim um  p H : (unlim ed soil) 7.5, (lim ed 

soil) 8.2 a f te r  deam in a tio n

m atter.
M oreover, the opinion th a t  on addition of various organic m a tte r  to the 

soil an ex trem ely  diverse microflora will come forth  can only be endorsed 
w ith  all due reservation, especially if more complex organic m atte r is con
cerned. On com paring the microflora of soils m anured w ith alfalfa- and  
grass m eal no essential qualita tive differences have been found. There was 
m erely a slightly higher percentage of Bacillus-, p ro teolyticallv  active 
Pseudomonas- and  Brevibacterium-syecies as far as the m anuring w ith  alfalfa 
m eal is concerned, this m ust be ascribed to  the higher pro tein  content of 
alfalfa meal.

W e are of the opinion th a t  the soil w ith its 3 phase system s, its  w ater 
con ten t and  its porosity  despite certain  tex tu ra l and s tru c tu ra l differences 
and  differences w ith  regard  to  organic m a tte r  conten t actually  constitu tes 
a characteristic and  selective locus allowing only few organisms, being cer
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ta in ly  well adap ted  to  th is locus, to  m ultip ly  and  to  utilize com pletely 
the existing n u tritiv e  substances.

The usually aerobic conditions in the soil constitu te  an im p o rtan t select
ing factor. M icroorganisms possessing no com plete enzyme chains for 
oxidative breaking up of the organic com pounds will be a t  a d isadvantage. 
All prom oted m icroorganisms isolated th roughout the tes ts  b e tray ed  a 
strong cytochrom oxidase activ ity . Thus th ey  are able to  oxidize organic 
m a tte r  up to  oxygen and  to  utilize the n u tritiv e  substances efficiently 
resulting  in a substan tia l yield of energy.

SUMMARY

Definite organic substances have been exam ined since the influence on 
the variously com posed microflora could only be d e tec ted  in this way.

D ifferent carbohydrates and  proteins were subjected  to  investigation 
in model tests. In  arable soils the decom position is m ainly brought about 
by bacteria, whereas fungi and  Actinomycètes play a less im p o rtan t role 
in the  m ineralization of readily decomposable organic m atter.

Organic m anure produces a definite microflora which is prim arily  affected 
by the respective organic substance. The different soils, however, are in 
a position to  increase several species of certain  physiological or system 
atic  groups respectively.

I f  p rotein  is used as a  m anure, Bacillus and  Pseudomonas develop above 
all, b u t also Achromobacter- and  Brevibacterium-species can p ropagate in 
some soils. By adm ixing carbohydrates in to  the soil the propagation  of 
coryneforme bac teria  is favoured.

The prom otion of Arthrobacter-species by  com pounds which are poor in 
pro tein  is dependan t on its ab ility  to  easily assim ilate inorganic nitrogen. 
Thus th ey  have an advantage over a large num ber of Pseudomonas and  
first of all Bacilli requiring essential am ino acids for th e ir grow th. The 
developm ent of Bacilli can only take place if a  sufficient q u an tity  of pro tein  
substances as a nu tritio n a l source has been synthesized by means of o ther 
organisms.

Generally the decom position of organic m a tte r  in soils is brought ab o u t 
only by  a relatively  lim ited  spectrum  of m icroorganism  species which are 
particu la rly  adap ted  to  the soil conditions.
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E F F E C T  OF ORGANIC M ATTER, AERA TIO N  AND 
B E N T O N IT E  ON M ICROORGANISM S AND PLANTS

K . K u b is t a

DEPARTM ENT OF MICROBIOLOGY,
FACULTY OF AGRONOMY, AGRICULTURAL U NIVERSITY PRAGUE, CZECHOSLOVAKIA

Clay m inerals can form  complex bonds w ith organic com pounds thus p ro 
tecting  them  against decom position (Lynch and Cotnoir, 1956, P inck et al. 
1954). According to  several au thors, clay m inerals can stim ulate  or inh ib it 
soil m icroorganisms (Zvyagintsev 1959, E sterm an  and  M cLaren 1959, M acura 
and Pavel 1959, N ovaková 1966, S totzky and  Rem  1966). B entonite s tim u 
lated  th e ir developm ent in m ost of the  cases. I t  is possible to  expect th a t  
ben tonite will also influence the  decom position of organic m a tte r in the  
soil as well as the  q u an tity  and  quality  of microbial m etabolites. In  th is 
respect, aeration m ay have the sam e sort of influence. Vang (1967) discovered 
a large am ount of organic acids in excessively moist soil. Organic acids 
(Vang 1967), am ino acids (K ubista 1965) and  o ther m etabolites and com 
ponents of post-harvest residues m ay develop an influence on th e  grow th 
of th e  p lan ts.

This work deals w ith  the  influence of ben ton ite  and  of the  m a tte r of p lan t 
origin on microbes and  p lan ts under various degree of aeration.

M ATERIALS AND METHODS

P ure quartz  sand was m ixed w ith 5%  lucerne m eal and  1%  separated  
bentonite. The control sam ple was w ithout bentonite. The m ix ture was 
m oistened and enriched w ith n u trien t salts of the  K nop solution; it was 
inoculated  w ith soil suspension. This substra te  was pu t in glass containers 
w ith covers and  a half of the  sam ples was aerated . The incubation tem pera
tu re  was 30 °C and  the  m oisture was set to  60%  of m axim um  w ater capacity .

Sim ilarly, an experim ent was conducted w ith degraded chernozem (silty 
clay, according to  m echanical analysis). The m ix tu re  was m oistened only 
w ith distilled water.

The dynam ics of the developm ent of microorganisms was determ ined  on 
th e  count basis bv  means of the  agar-p late m ethod; T horn ton ’s medium  
and  m eat-peptone agar were used for the  bacteria, T horn ton ’s and  starch  
m edia for Actinomycètes and M artin’s medium was used for the  counting 
of m icroscopic fungi.

The influence of w ater ex tracts  of the  p articu la r m ixture was determ ined 
according to  the  root length of le ttuce  seedlings which were cu ltivated  in 
petri-dishes on filter paper m oistened w ith  sterile ex trac t. The ex tracts  
were ob tained  by m ixing the  su b stra te  w ith  distilled w ater ( 1 :1 )  which 
was followed by filtration.
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RESULTS AND DISCUSSION

R esults show a stim ulating  effect of bentonite  on the  m ultiplication of 
microorganisms decomposing lucerne meal. This effect was more evident in 
the  non-aerated  sam ples since the  q u an tity  of m icroorganisms in the 
aerated  sam ples was influenced decisively by the aeration itself.

Sand Samples. As can be analysed from  th e  d a ta  in Fig. 1, th e  m ultip li
cation of bac teria  in the  ae rated  varian ts  s ta rted  a t  th e  very beginning of 
the  experim ent and  reached the  m axim um  very  quickly. In  the non-aerated  
varian ts  their q u an tity  dropped a t th e  beginning of the  experim ent and 
th e  m axim um  was reached on the  28th day. The in itia l drop is evidently  
linked w ith  the  inevitable adap ta tion  of the  microflora to  the oxygen-poor 
environm ental conditions. A lthough bentonite  stim ulated  the non-aerated- 
sam ple bac teria  for 14 days, the  non-aerated  v a rian t was under the  s tim u 
lative effect for th e  whole experim ental period.

Sim ilar course of developm ent could be observed (Fig. 2) w ith bacteria 
sho rt of organic nitrogenous com pounds. The difference was, in the  first 
place, in the  slower developm ent of the  in itial stage of th e  aerated  varian t. 
On the  o ther hand, th e  non-aerated  varian t showed faster m ultiplication and 
more expressive effect of bentonite. 4

5-

4 7 К 2 8  56
days days

Fig. I. N u m b er o f b ac te ria  developed on 
T h o rn to n ’s m edia; san d y  v a rian ts . 1 = n o n -  
ae ra ted  : w ith o u t b en ton ite , 2 = n o n -a e ra -  
te d : w ith  1%  ben to n ite , 3 =  aera ted : 
w ith o u t b en to n ite , 4 =  ae ra te d : w ith  
1%  b en to n ite , u  =  n u m b er o f  liv ing  cells

Fig. 2. N u m ber o f  b ac te ria  developed on 
m ea t-p ep to n e  ag a r; san d y  v a rian ts . Leg

end: sam e as for F ig . 1
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F ig . 3. N u m b er o f spore-form ing  b ac te ria  
on  m ea t-p ep to n e  agar; san d y  v arian ts . 

L egend: th e  sam e as  fo r F ig . 1

Fig. 5. N um ber o f ac tinom ycètes: sandy  
v a rian ts . L egend: th e  sam e as for F ig . 1

3-

F ig . 4. C hange o f p H : san d y  varian ts . 
L egend: th e  sam e as fo r F ig . 1

Fig. 6. N u m b er o f  fungi; san d y  v a rian ts . 
L egend: th e  sam e as for Fig. 1
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4 7 14
days

28

Fig . 7. G row th  o f th e  le ttu ce  seedlings in  th e  w a te r e x tra c t o f 
san d y  cu ltu res. L egend: th e  sam e as for F ig . 1

In  bo th  varian ts  bentonite  had  the most significant influence on spore
form ing bacteria  (Fig. 3). B en ton ite’s stim ulating effect m ust be the  result 
of its buffering properties. As it is evident from  Fig. 4, the  tendency of pH 
corresponds to  th e  tendency of the  change in the  num ber of bacteria. The 
pH  degree of the  aerated  varian ts  was only slightly higher and  in the  non- 
aerated  v arian t alm ost one degree higher th a n  in the control sam ple w ithout 
bentonite.

Aerobic microorganisms grew, in th e  first place, in the aerated  varian ts 
which, as is generally known, is the  resu lt of the  decreased oxidative

Fig. 8. N u m ber o f b ac te ria  developed on 
T h o rn to n ’s m ed ia ; soil v a rian ts . L egend: 

th e  sam e as fo r F ig . I
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Fig. 9. N um ber o f b ac te ria  developed on 
m ea t-p ep to n e  ag a r; soil v a rian ts . L egend: 

th e  sam e as fo r F ig . 1



reduction po ten tial of the  non-aerated  environm ent. Actinomycètes (Fig. 5) 
were discovered for the  first tim e on the 7th day of the  experim ent in the 
aerated  varian ts only. They were evidently  stim ulated  by bentonite. Fungi 
(Fig. 6) developed more rap id ly  in the aerated  variants. Their q u an tity  in 
th e  non-aerated  varian ts  was stim ulated  by  bentonite.

W ater ex tracts  of th e  stud ied  substrates inh ib ited  th e  grow th of th e  roots 
of lettuce. I t  is evident from Fig. 7 th a t the  ex trac t from the  non-incubated 
m ix ture caused 87%  inhibition. The m etabolites of microorganisms in  the 
in itial stage of decomposition of lucerne reduced in the  fu rth e r course of 
th e  experim ent the  grow th of th e  lettuce roots to  the  lowest level for the  
whole period of experim entation. G radually, b u t slowly, the  reduction of 
inhibition was tak ing  place; ben ton ite  was responsible for the  re ta rdation  
of the  process, showing evidently  its  sorption properties. In  th e  non-aerated  
varian ts  the  inhibition did  not show up  considerably. A t th e  beginning of 
the  process of decom position a slight stim ulation by ben ton ite  took jjlace 
a t  the  tim e when the  ben ton ite  was still able to  adsorb the  water-soluble 
m etabolites.

E xperim ents w ith  soil sam ples show th a t  environm ental conditions are 
m uch more com plicated. M ineral and  organic colloids and  o ther com ponents 
of the  soil m ake its properties m ore constant. In itia l concentration of its 
microorganisms is also higher th an  th a t of the  sand and  th is is why it is

F ig . 10. N u m b er o f  spore-fo rm ing  b a c 
te r ia  on m ea t-p ep to n e  a g a r ;  soil v a r i
an ts . L egend: th e  sam e a s  for F ig . 1

d ay s

Fig. 11. N um ber o f ac tinom ycètes ; soil 
v a rian ts . L egend : th e  sam e as fo r F ig . I
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Fig. 12. N u m b er o f  fungi; soil v a rian ts . F ig . 13. C hange o f p H ; soil v a rian ts .
L egend: th e  sam e as in  F ig . 1 Legend: sam e as for F ig . 1

possible to  expect faster decomposition of lucerne. This is shown in Fig. 8. 
The bac teria  developing in T horn ton’s medium  began to  m ultip ly  very  
quickly and  th ey  reached th e ir m axim um  on the  6th  day  of incubation 
(Fig. 9). I t  is possible to  suppose th a t  th e  soil itself is able to  balance the  
insufficient supply of oxygen in the  substra te  in the  in itial stage. A eration 
did not show such a rem arkable effect as in the  sand varian t. These bacteria  
were stim ulated  by  bentonite. The bac teria  short of organic nitrogenous 
com pounds developed faste r in the  aerated  varian ts. In  the  non-aerated 
varian ts their m axim um  developm ent was delayed by  a week. B entonite’s 
stim ulating inflence was observed only in  the  aerated  sample.

F igure 10 shows the  stim ulating  effect of ben ton ite  on spore-form ing 
bac teria  only in the  course of the  first week of incubation. There were more 
spores in the  non-aerated  varian t.

Actinomycètes (Fig. 11) began to  m ultip ly  in th e  second week which cor
responded to  their developm ent in the  sand sam ple. They reached their 
m axim um  only a fte r one m onth  of incubation. B entonite  rem arkably  s tim u 
la ted  their q u an tita tiv e  growth. Actinomycètes m ultiplied in bo th  varian ts 
of soil samples.

The developm ent of fungi (Fig. 12) s ta rted  from  the beginning of incuba
tion. They reached their m axim um  by the  end of the  2nd week. They were 
stim ulated  by  bentonite  th roughout the  whole period. Their m axim um  
developm ent took place only a fte r the  m axim um  of bac teria  had been 
reduced.

The dynam ics of the  pH  in the  soil varian t was different from  th a t in 
th e  sand. The m axim um  was observed on the  6 th  day  (Fig. 13). From  this 
tim e bentonite  slightly increased the  pH  in bo th  variants.
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Fig. 14. G row th  o f le ttu ce  seedlings in th e  w a te r e x tra c t o f soil 
cu ltu res. L egend: th e  sam e as for F ig . 1

The grow th of the  p lan ts  (Fig. 14) was m arkedly inhibited b u t the in 
hibition was no t extrem ely heavy. The aeration of th e  su b stra te  and the 
addition of ben ton ite  reduced th e  inhibition of the  grow th of the  roots of 
lettuce. Nevertheless, the  inhibition was larger in the  first week of the  ex
perim ent, b u t it was considerably lowered in th e  following period by ben
ton ite  — in th e  non-aerated  v arian t by 78%  and in the  aerated  sam ple 
by 62% . The soil ex tracts  ob tained  from  substrates w ith the  highest num ber 
of bac teria  showed th e  strongest effect. I t  m ust have been the  water-soluble 
com ponents of lucerne and  the  products of the  m etabolism  of m icroorgan
isms th a t  showed the  effect since all the  ex tracts were sterilized. Many 
researchers confirm the  existence and  form ation of specific and non-specific 
substance which inh ib it th e  p lan ts ’ grow th. This m ay be due to  th e  products 
of m etabolism  of glycides and  other substances, of organic acids (Takiyam a 
1964, Vang 1967, etc.), products of the  hydrolysis of proteins, am ino acids, 
peptides (K ubista 1965), saponins, arom atic and  o ther substances (Mishustin 
1955, Schoenbeck 1968, and  others).

SUM M ARY

Clay minerals together with organic matter of the soil influence consider
ably the physical, chemical and biological properties of the soil as well as 
its biochemical processes.
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ANTIBIOTICS AS ECOLOGICAL FACTORS IN THE 
DEGRADATION OF SOIL ORGANIC MATTER

B . G a l g ó c z y

UNIVERSITY OF AGRICULTURE, KESZTHELY, HUNGARY

The financial results of field crop production depend, at least to a certain 
extent, on the properties and behaviour of the microbes living on, or in 
the neighbourhood of, plant roots. They may promote growth of the plants, 
but may retard or prevent it as well.

If the soil is in a good condition and microbial activity is high, organic 
residue will decompose rapidly providing the necessary conditions for 
humus formation. The concomitant increase in foodstuff supply and the 
production of germination or growth-promoting substance improve the 
situation for the plants and the increase in yield is then well estab
lished.

The adverse effect of the root rotting bacteria and other parasitic micro
organisms can be explained in a similar way. The various toxic substances 
hinder the metabolism in proceeding on its normal course and the lytic 
enzymes destroy the tissue structures.

This kind of explanation seems rather convincing but it is oversimplified. 
I t is actually much more complicated in nature.

Many types of microorganisms would live in the vicinity of plant roots 
but the plants exert a selective effect upon them. Root excreta favour one 
type of the whole population and supress the others. This means that the 
composition of the microflora varies from time to time around the plants 
according to the physiological state of the latter.

On the other hand, the microbes compete with each other for the food
stuffs excreted by the roots or supplied by other organisms.

In other words: a great deal of the mutual actions of plants and microbes 
can be created with well-known terms of ecology: symbiosis and antagonism. 
The phenomena which we can observe, however, represent only the compo
site results of many, mainly unknown processes.

I shall deal with only one type of the important biological processes, 
namely, antibiotic action.

Since the presence of antibiotics, as biologically active materials may 
primarily influence the development of the crop, their effect on the plants 
and on soil fertility has been thoroughly investigated. The results have 
been rather contradictory.

Many scientists take it for granted, that antibiotics are regularly found 
in the soils and they have a pronounced effect on the plants. According to 
them the same holds true for the degradation of organic residue.

On the other hand; there is a group of research workers who are doubtful 
of the importance of antibiotics. They suggest that antibiotics are easily
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inac tiva ted  and  therefore are no t able to  influence m arkedly e ither the 
organism s residing in the soil or th e ir biochem ical activities.

These contradictions are well established already in the earliest reviews 
in th is field by  Stallings (1954), Brian (1957) and  P ram er (1958). The p rob 
lem has been recen tly  discussed by  Б еек  (1968).

D uring the p as t years I investigated  m any H ungarian p ea t soils for the 
presence of antibiotics. 1 found  only in a surprisingly few cases a  true 
an tib io tic effect. E ven  those strains which produce quite a lo t of active 
substances under norm al laborato ry  conditions failed to  do so under n a tu ra l 
circum stances. On account of th is and  sim ilar observations 1 came to  the  
conclusion th a t  antibiotics do no t always play  such an im p o rtan t role as 
it  is generally accepted. This paper presents a b rief theoretical account 
supporting th is view.

W hen considering some very  simple cases which generally occur under 
norm al soil conditions one m ight analyse the kinetics of the productions 
of antib io tics an d  its effects on the environm ent.

L et us observe tw o bac teria l cells. One of them  should produce a  certain  
an tib io tic and  the  o ther happens to  be sensitive against th is substance. 
F o r the sake of sim plicity  le t us suppose th a t the generation tim e is equal 
for b o th  cells and  the  production of active substance takes place only in 
the  sta tio n ary  phase, as generally  the  case is.

W hat will happen when these cells grow on the same soil partic le or in 
the same hole ? We m ay follow the even ts when p lo tting  the  num ber of 
the  sensitive cells and  the  num ber of antib io tic molecules, respectively, 
against tim e.

F igure 1 shows the  situation  when the original cells begin to  m ultiply 
sim ultaneously. The grow th of the bac teria  proceeds according to  the usual 
exponential curve. P roduction  of the antib io tic begins only when the log- 
phase is over and  continues a t  a constan t ra te  through a constant am ount of 
cells. The increase in the  num ber of the molecules will be represen ted  by 
a stra ig h t line. The tw o lines never m eet, th a t  is, a t any  tim e the num ber 
of bacterial cells is g rea ter th a n  the num ber of an tib io tic molecules.

Fig. 2. T he re la tio n sh ip s w hen th e  
p roduc ing  cell begins to  grow  earlier 
b u t th e  p ro d u c tio n  an d  g row th  o f 
th e  sensitive cell begin  a t  th e  sam e 

tim e. N  =  n u m b er o f cells
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Fig. 1. Increase  o f  th e  n u m b er o f  sensitive cells 
an d  an tib io tic  m olecules. N  =  n u m b er o f  cells



Fig. 3. A n tib io tic  p ro d u c tio n  begins 
earlie r th a n  th e  g row th  o f sensitive 

s tra in . N  =  n u m b er o f cells

N

Fig. 4. A v a r ia tio n  o f  th e  re su lts  
d em o n s tra ted  i n  F ig . 3. N  =  n u m b er 

o f cells

I t  m ust be rem em bered, however, th a t  for a true  biological effect it is 
necessary th a t  a t least one molecule of the active substance m ust reach the 
surface of each bacterial cell. W ithou t this close contact the bac teria  would 
grow und istu rbed  and  a colony would develop. There is no observable 
antib io tic effect even in the presence of the antibiotic.

F igure 2 shows the  relationships when the  producing cell begins to  
grow earlier b u t the production and  grow th of the sensitive cell begin a t 
the  same tim e. The num ber of the cells will always be g rea te r and  there  is 
no an tib io tic  ac tiv ity  again.

A nother case is to  be seen in Fig. 3. P roduction begins earlier th an  the 
grow th of the sensitive strain . Grow th happens under the influence of a 
certain  antib io tic . W hen this concentration exceeds the bacteriostatic  
value (about some hundred  molecules per cell) grow th will be p reven ted  
and  a tru e  antibiosis m ay be observed.

The case in Fig. 4 is only a varia tion  of the  aforem entioned one. W here the 
curves cross over and  up to  th is po in t there is the  possibility of an an ti
biotic effect.

These considerations hold true  and  w ith slight modification can be ap 
plied to  actinom ycètes and  the m yceliar moulds.

Therefore, the conclusion m ay be drawn th a t bacterial grow th is possible 
even in the  presence of antibiotics, unless the an tib io tic production begins 
m uch earlier.

In  the case of any inactivation  the  num ber of the  effective antibiotic 
molecules decreases fu rth e r and  the  possibility of a true  an tib io tic  effect 
will be even more restric ted .

SUM M ARY

According to  my opinion the production of antib io tics by  certain  m icro
organism s does not influence the degradation of organic m a tte r  in soil so 
often  as it is generally believed. I suggest ra th e r th a t  the am ount of avail
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able foodstuff for the microbes has a more profound effect, and  a b e tte r  
understand ing  of the chemical processes in the soil m ay be a tta in ed  by 
considering the  bioenergetic relationships.
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E F FE C T  o f  o r g a n i c  a n d  i n o r g a n i c  f e r t i l i z e r s

ON SOME M ICROBIOLOGICAL AND BIOCHEM ICAL 
P R O P E R T IE S  OF T H E  SOIL

F. L öbl and A. Stiková

RESEARCH INSTITUTE OF CROP PRODUCTION:
INSTITUTE OF PLANT NUTRITION, PRAGUE -  RUZYNE, CZECHOSLOVAKIA

The addition  of N P K  n u trien ts  to  the com post take p a r t in the  transfo r
m ation of the organic m atte r. I t  m ay be assum ed th a t, a f te r  th e ir working 
in, m icrobiological an d  biochem ical changes will take place in the soil 
differing from  those occurring in the case of a separate working in of organic 
fertilizers and  N P K  nutrien ts.

M A T E R IA L  A N D  M ETH O D S

In  a field vegetation experim ent the influence of two composts (Table 1) 
on the  yield of po tatoes was investigated  and  sim ultaneously, certain  
microbiological and  biochem ical changes in the soil were evaluated. The

T able 1
Technological, chemical and biochemical characteristics of composts applied

in  the experim ents

Compost Compost
A В

Haw materials 
Town refuse in % 
Moor in %

60

13
60

13
Lignite in % 13 13
Sludge wastes in % 14 12
N PK  fertilizers in % N - 0 .4 6 7

p2o. 0 .4 8 7

K ,0 — 1.126

Total organic substances in %* 4 2 .1 9 4 0 .6 8
Total N  in %* 1.10 1.25
P 20 -  in % acc. to Êgner* 0 .6 0 1.35
K 20  in % acc. to Schacht schabel* 0 .7 0 1.79

В (mg CO2/100 g of dry m atter/hour) 3 .4 6 2 .8 5
NG:B (relative numbers) 6 .3 0 15 .50

* =  All d a ta  a re  referred  to  d ry  m a tte r .

varian ts of the experim ent were as follows: 1) control (a control plot w ithout 
any  fertilization), 2) a p lo t fertilized w ith  N P K  only, and  plots fertilized,
3) w ith  30 m etric tons of com post A, 4) w ith  30 m etric tons of com post
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A and  N P K  fertilizers per hectare, 5) with 30 m etric tons p er hectare of 
com post B, and  6) w ith  90 m etric tons of com post В per hectare. The N P K  
dose had  been calculated for supply fertilization and  consisted of 140 kg 
of N, 146 kg of P 20 5 and  336 kg  K 20 . This dose of n u trien ts  was also added 
to  the  30 m etric tons of com post В a t  the  beginning of its m aturing.

In  the  course of the vegetation grow th soil sam ples were tak en  from  the 
experim ental parcels, in which, a f te r  sieving th rough  a  2 m m  sieve, 
certain  cultivation groups of m icroorganisms were exam ined (Kozová, 
N ovaková 1956), respiration ra te  (Novák, A pfelthaler 1964), and  nitrogen 
con ten t (Pokorná-K ozová e t al. 1964) were determ ined.

R E S U L T S  A N D  D ISC U SSIO N

In  the course of the whole investigation the  basal respiration of the soil 
sam ples taken  from  the  different experim ental parcels changes only insig
nificantly. This means th a t  even a  dose of 90 m etric tons o f com post В 
per hectare did  n o t m arkedly change the production of C 0 2 (Fig. 1).

However, the  relative respiration N :B  (Fig. 1) indicates substan tia l 
changes of the  po ten tia l N  respiration due to  the  addition of different 
organic fertilizers. The increase of relative respiration up to  even 1.0 a fte r 
fertiliza tion  w ith  bo th  com posts A and  В indicates a lack of physiologically 
utilizable nitrogen, which, in the case o f a dose of 30 m etric tons p er hec tar 
is higher in com post A th an  in com post B. The N P K  fertilizers supplied

Fig. 1. R esp ira tio n  o f th e  respec tive  v a ria n ts  o f th e  ex perim en t o f 6 sam pling  series 
ta k e n  d u rin g  th e  v eg e ta tio n  season (B in  m g COj/lOO g d ry  m a tte r /h o u r; re la tiv e  

re sp ira tio n  N :B , N G :B  in  re la tiv e  num bers)
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Fig. 2. C on ten t o f N H j— N  and  im m obilized N in 6 series o f soil sam ples taken  
d u rin g  th e  v ege ta tion  season (in m g %)

to  com post A lowered the  relative N : В respiration, b u t not to  the level of 
com post В w ith  surplus fertilization. A fter a dose of 90 m etric tons of 
com post В p er hectare the relative respiration N :B  increases substan tially  
com pared to  th a t of 30 m etric tons per hectare and  it is obvious th a t  the 
lack o f physiologically available nitrogen did  no t change during the whole 
course of investigation.

A fter working bo th  composts A and B, the  N H 4 —N con ten t (Fig. 2) 
was higher th an  in the  control soil and  w ith only N P K  fertilization. In d u s
tria l N P K  fertilizers added to  com post A substan tially  increased the X II, —N 
content, which was shown in the already m entioned decreasing of the re la 
tive X : В respiration. A dose of 30 m etric tons of com post В w ith  supply 
fertilization increased the X H 4 —N  con ten t com pared w ith  the sole 
com post A, b u t no t to  the level of compost A with N P K  fertilizers. A dose 
of 90 m etric tons of com post В increased the N H 4: —N  con ten t to  the 
level of com post A w ith  N P K  fertilizers. From  the results ob tained  it can 
be seen th a t  the N H j  — N conten t does not always correspond to  the re la 
tive N :B  respiration and  th a t particu larly  in the case of a  dose of 90 m etric 
tons of com post B. This difference m ay be explained as having been caused 
by the im m obilization of N H 4r — N in to  organic compounds, as in the 
case of a dose of 90 m etric tons of com post В the q u an tity  of bonded 
N H 4H—N increases m arkedly (Fig. 2).

The relative N :B  resp iration  and  also the changes of the .XH, —N 
con ten t in some of the soil sam ples show th a t  in the soil there occurs a 
decomposition of organic substances contained in the different composts.
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Fig. 3. N um ber o f m icroorganism s in  6 series o f soil sam ples tak en  d u rin g  th e  vege
ta tio n  season (in m ill./l g  d ry  m a tte r)

This is ind icated  also by the stab ility  of organic substances characterized 
by  the relative NG:B respiration, which is the highest a fte r fertilization 
w ith  com post A + N P K  fertilizers, and  the lowest a fte r a dose of 90 m etric 
tons of com post B. R elative respiration increases a fte r fertilizers together 
w ith  the prolongation of the vegetation period more regularly  a fte r com post 
В th an  a f te r  compost A and  com pared w ith  the alm ost unchanging relative 
respiration of the non-fertilized control and  w ith  the control fertilized only 
w ith  N P K  fertilizers.

W ith  the  changes of respiration and  w ith  the change of the N H ^ — N 
con ten t are correlated also the determ ined quantities of microorganisms

Fig. 4. N u m b er o f m icroorganism s in  6 series o f soil sam ples ta k e n  d u rin g  th e  vege
ta tio n  season (in m ill./l g  d ry  m a tte r)
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of the investigated  cultivation groups. These are particu larly  bac teria  grow
ing on M PA (Fig. 3), whose q u an tity  increases a fte r fertilization w ith 
com post A A  N P K  fertilizers and  also a f te r  bo th  doses of com post B. A 
difference in the num ber of these bac teria  a f te r  fertilization w ith  composts 
A and  В is shown also by  the fact th a t  a fte r application of com post A their 
q u an tity  is largest a t  the beginning of vegetation grow th and  decreases 
gradually; whereas a f te r  application of com post B, on the o ther hand, it 
increases w ith  the tim e of vegetation. The applied organic fertilizers influ
enced the num ber of bac teria  growing on a  starch  agar to  a  much lesser 
ex ten t. I t  is, however, possible to  observe a substan tial difference in the 
represen ta tion  of bac teria  growing on a phosphate and nuclein agar (Fig. 4). 
A fter organic fertilization the q u an tity  of bac teria  on the phosphate agar 
decreases slightly if com pared w ith the bacteria  growing on the nuclein 
agar. The num ber of bac teria  on nuclein agar of bo th  com posts shows the 
same tren d  as does the num ber of bac teria  on MPA.
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THE INFLUENCE OF DEEP PLACING OF ORGANIC 
MATERIAL ON SOME GROUPS OF SOIL 

MICROORGANISMS

H. P a n t e r a

INSTITUTE OF PLANT CULTIVATION,
FERTILIZATION AND SOIL SCIENCE, LASKOWICE-OLAWSKIE, POLAND

The experim ents w ith deep placing of farm yard  m anure in sandy  soils 
have been carried on in Poland  since 1956. F arm yard  m anure applied a t 
a  ra te  of 600 q/ha was placed 60 cm deep; there it forms a layer about 1 cm 
thick  and  brings abou t considerable changes in the soil profile. F irs t of 
all, the w ater relations change, the to ta l q u an tity  of roots increases and  
their range ex tends in to  deeper layers. Owing to  the  inset of farm yard  
m anure the processes of organic m atte r decomposition follow not the d irec
tion of oxiditation and  m ineralization b u t humification, and  the m ineral 
com ponents get trap p ed  in the arable layer and  are no t w ashed out into 
deeper layers.

The objective of microbiological researches was to  find out how the 
application of deep drainage, and particu larly  the addition of a  large q u an tity  
of fa rm y ard  m anure, influenced the  changes in the num ber and  activ ity  
of some physiological groups of microorganisms and  their d istribution in 
the  soil profile.

MATERIAL AND METHODS

Investigations on the experim ent w ith deep placing of farm yard  m anure 
were carried o u t in two series.

Series I  was made in the first, second and  th ird  year a fte r the experim ent 
had been laid out. Samples for microbiological analyses were taken  from 
the following trea tm en ts:

a) 60 cm deep ploughing -)- 600 q/ha fa rm yard  m anure -f- Ca
b) 50 cm deep ploughing — w ithout fa rm yard  m anure -f- Ca
c) 20 cm deep ploughing -f- 300 q/ha fa rm yard  m anure
cL) 20 cm deep ploughing — w ithout farm yard  m anure -f- Ca
e) 60 cm deep ploughing -f  600 q/ha farm yard  m anure
The sam ples were tak en  from  tw o horizons (15—20 cm and  50 — 55 cm) 

every  tw o weeks during the  vegetation period. Samples from  the horizon 
15—20 cm were taken  from  15 spots in the p lo t by means of a stick soil 
sam pler. The sam ples were m ixed and  then  an average was taken. Samples 
from  the horizon 50—55 cm were taken  from 6 spots in the plot bv means 
of a soil borer, these having been also mixed, an average was taken . Micro
biological analyses were carried ou t on the nex t day.

Microbiological determ inations were made by the m ethod of Pochon 
consisting in determ ining the ac tiv ity  of several physiological groups. For 
this purpose the series of liquid m edia of composition ad justed  to  the needs
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of several physiological groups were inoculated w ith soil suspensions of 
various dilutions. The incubation was run  for 14 days a t 27 °C. W ithin  
th a t period there was determ ined the loss of substance being the medium  
for a given group as well as the products of m etabolism  of the m icroorgan
isms. The results helped to  p lo t curves reflecting the in tensity  of bacterial 
action. The te s t com prised two groups of microorganisms:
A )  bringing about nitrogen transform ation

1. decomposing p ro te in
2. ammonifiers
3. fixing free nitrogen

В ) bringing abou t carbon transform ation
1. decomposing sta rch
2. decomposing pectins
3. decomposing cellulose
The am ount o f Azotobacter and  cellulose-decomposing bac teria  were 

determ ined  by W inogradsky’s m ethod. 25 additional analyses were made 
to  determ ine the am ount of fungi and  actinom yces.

D uring th ree vegetation seasons there were made as m any as 80 analyses 
of sam ples taken  from  20 cm depth, and  66 analyses of sam ples taken  from 
60 cm depth . D iagram s 1 — 9 represen ta tively  exem plify the results obtained.

Series I I  was made ten  years a f te r  the experim ent had  been laid  out, 
to  check how long the application of deep drainage acted  on the changes 
in d istribu tion  and  ac tiv ity  of some groups of soil m icroflora in the profile. 
D eterm inations were made in following trea tm en ts:

a) 20 cm deep ploughing — w ithout fa rm yard  m anure -)- Ca
b) 20 cm deep ploughing -)- 300 q /ha farm yard  m anure -f- Ca
c) 60 cm deep ploughing -f- 600 q/ha fa rm yard  m anure - f  Ca
The sam ples were taken  from  the horizons 10 — 20 cm, 20—40 cm, 40— 

60 cm and  60 — 80 cm. Six sam ples taken  from each horizons were m ixed 
together and then  in the average sam ple were determ ined:

a) the num ber of bac teria  decomposing cellulose by the W inogradsky’s 
“ a g raine” m ethod and  by the dilution m ethod,

b) the  num ber of Azotobacter,
c) d istribu tion  of microorganisms in the soil profile by M ishustin’s 

m ethod.
RESULTS

W hen com paring the results it was observed th a t  those ob tained  in 1959 
considerably differed from  those obtained in the years 1960 and  1961. The 
results of the la tte r  tw o years are quite the same.

Decomposition of protein. Decomposition of gelatin, which was used 
as a te s t of protein decomposition, was m ost intensive in trea tm e n t 
1, and  less intensive in trea tm en ts  5, 2, 3 and  4. These resu lts k ep t 
th roughout the vegetation period, w ith  slight deviations in the  sam ples 
from  both  dep ths (Fig. 1).

In  the years 1960 and  1961 the  results in all trea tm en ts  a n d  from  all 
dep ths were nearly  the same w ith  a slight tendency  to  increase in t r e a t
m ent 1.

Ammonification. The decomposition of alanine in all the exam ined sam 
ples was ra th e r rapid. I t  was the m ost intensive in trea tm en t 1, then  in
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Fig. 1. D ecom position  o f ge la tin . 1) 60 cm  deep p loughing  -j- 600 q /h a  
fa rm y a rd  m an u re  -f- Ca; 2) 50 cm  deep p lough ing  w ith o u t fa rm y a rd  
m an u re  -|- Ca; 3) 20 cm  deep ploughing  -|- 300 q /h a  fa rm y a rd  m anure-f- 
Ca; 4) 20 cm  deep p loughing  w ith o u t fa rm y a rd  m an u re  -f- Ca; 5) 60 cm  

deep  p lough ing  +  600 q /h a  fa rm y a rd  m an u re

trea tm e n t 2, the results of the rem aining trea tm en ts  being nearly  the 
same. Sim ilar values were ob tained  in the sam ples from the 60 cm horizon 
(Fig. 2).

In  the years 1960 and  1961 no im p o rtan t differences between the t r e a t
m ents were observed.

Denitrification. In the group of bacteria  denitrifying n itra tes  no differ
ences were observed between the trea tm en ts  in the years 1959, 1960 and 
1961 (Fig. 3).

Fig. 2. D ecom position  o f alan ine. 1)— 5) =  th e  sam e as in  Fig. 1

time, days
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Fig. 3. D en itrifica tion . 1)—5) =  th e  game as in  Fig. 1

Free-living N -fixing bacteria. Azotobacter appeared only twice in t re a t
m ent 1.

Carbon transformation. Decom position of starch. The decomposition of 
starch  was ra th e r rap id  in all trea tm en ts. I t  was the most intensive in 
trea tm en ts  1 and  5, the  results in the rem aining trea tm en ts  having been 
the same. Fig. 4 is represen ta tive for the depths 20 and  60 cm.

In  the years 1960 and  1961 the differences between trea tm en ts  were 
slight.

Fig. 4. D ecom position  o f  sta rch . 1)— 5) =  th e  sam e as in  F ig . 1
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Decomposition of pectins. The strongest decomposition of pectins was 
observed in trea tm en t 1, and  then  in trea tm e n t 5, 3 and  2, and  the weakest 
in trea tm en t 4 (Fig. 5).

F ig . 6. T he n u m b er o f  cellulose-decom posing b ac te ria . S am 
pling  d ep th  0 — 20 cm . 1) 20 cm  deep  p loughing  w ith o u t 
fa rm y a rd  m an u re  -\- Ca; 2) 20 cm  deep ploughing  -f- 300 q /h a  
fa rm y ard  m an u re  -j- Ca; 3) 60 cm  deep ploughing  +  600 q /h a  

fa rm y ard  m an u re  -\- Ca
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terms of analysis

Fig. 7. T he n u m b er o f cellulose-decom posing b ac te ria . Sam 
pling  d e p th  20— 40 cm . 1)— 3) =  th e  sam e as in  F ig . 6

Decomposition of cellulose. The results were uneven; there occurred a 
considerable q u an tity  of fungi decomposing cellulose, due to  high acidity  
of the soil.

Bacteria decomposing cellulose. The num ber of bac teria  calculated by  two 
m ethods was nearly  the  same, so only those obtained by the first m ethod 
are discussed and  shown in Figs 6 — 9. The num ber of cellulose decom-

Fig. 8. T he n u m b er o f  cellulose-decom posing bac te ria . Sam 
p ling  d e p th  40— 60 cm. 1)— 3) =  th e  sam e as in  F ig . 6
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F ig . 9. T he nu m b er o f cellulose-decom posing b ac te ria . S am 
pling d ep th  (Ю— 80 cm. 1)— 3) =  th e  sam e as in  Fig. 6

posing bac teria  in the exam ined trea tm en ts  have been shown in diagram s 
by horizons. In  all the horizons the lowest q u an tity  was observed in t r e a t
m ent 1 (w ithout farm yard  m anure), and  the highest one in trea tm en t 3 
(600 q/ha farm yard  m anure ploughed in deeply); the quantities in t r e a t
m ent 2 (300 q/ha fa rm yard  m anure ploughed in superficially) were in te r
m ediate between trea tm en ts  1 and  3. The influence of farm yard  m anure 
ploughed in deeply, is m arked and brings about an increase of the 
q u an tity  of bac teria  decomposing cellulose by 10 to  30% , this being of 
g rea t im portance in light soils.

Azotobacter. Azotobacter was accepted as the index of soil fe rtility  in 
order to  check w hether under the influence of deep trea tm en t w ith  farm yard  
m anure the ecological conditions had changed so as to  favour the develop
m ent of Azotobacter. F ivefold analyses from all trea tm en ts  and  horizons 
did n o t reveal its presence. The absence of Azotobacter is due to  still low 
pH  and low fertility  of the soil.

Distribution of microorganisms in the soil profile — Mistrustin's method. 
This appeared  to  be a very  good te s t of the d istribu tion  and  ac tiv ity  of 
m icroorganism s in the soil profile up to  45 cm depth . The action of m icro
organism s as well as th a t  of cellulose decomposing bac teria  m ay be esti
m ated  on basis of the observations m ade on the stripes of canvas having 
been p u t in to  the soil.

Treatment 1. In  th is trea tm en t an intensified action of microorganisms 
was observed only in the horizon 5 — 20 cm, while fa rth er sections of the 
canvas, except some sm all areas, were no t “ a ttack ed ” by microorganisms 
a t all. The surface of the canvas from  5 to  20 cm was dam aged by the 
cellulose decomposing bacteria.

Treatment 2. In  th is trea tm e n t a positive effect of farm yard  m anure on 
the developm ent of soil m icroorganisms was d istinctly  m arked. In  the 
horizon 5 — 20 cm as well as in the deeper ones (20—40 cm) considerable 
losses of canvas were observed as well as num erous yellow and  black spot s 
testify ing the presence of cellulose decomposing bac te ria  and  fungi.
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Treatment 3. The developm ent of microorganisms in this trea tm en t 
was the strongest com pared w ith  the  preceding ones. F arm y ard  m anure 
applied as an inset pronouncedly ac tiv a ted  and m ultiplied the soil organ
isms. The losses of canvas are visible all over its surface, and  there are 
a lot of yellow, orange and  black spots po inting to  an intensive work o f 
cellulose decomposing bac te ria  and  fungi.

C O N C LU SIO N S

1. In  the first year a f te r  the  experim ent had  been laid  out, the addition 
of 600 q/ha fa rm yard  m anure and  deep ploughing brought abou t p ro 
nounced increase of the ac tiv ity  of soil microflora in all the physiological 
groups u nder exam ination.

2. In  the n ex t two years the influence of farm yard  m anure was som ewhat 
less, b u t a tendency  to  the activation  of microorganisms was still observed.

3. The influence of deep placing of farm yard  m anure ten  years a f te r  
it  had  been ploughed in would po in t to  its  positive and  lasting effect on 
some groups of microorganisms. 600 q /ha  of spot placed farm yard  m anure 
intensified the action of m icroorganisms th roughout the soil profile and  
secured more favourable conditions for th e ir developm ent.
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Sym p. Biol. Hung. 11, pp. 255— 261 (1972)

SOIL M ICROBIOLOGICAL A C TIV ITIES AND T H E IR  
R ELA TIO N S TO O T H E R  SO IL-PA R A M ETER S

W . R a w a l d

IN ST IT U T E  OF SOIL SCIENCE OF TH E GERMAN 
ACADEMY OF AGRICULTURAL SCIENCES, EBERS W ALDE, G DR

Soil enzym es are b iocatalysators prim arily  of microbiological origin, to  
a lesser ex ten t also derived from  plants. They regulate m etabolism  in the 
soil, especially the tu rn o v er of organic substances. W ithin these processes 
enzym es have for instance a g rea t influence on release and  accum ulation 
of n u trien t substances and  th ey  regulate gas exchange. T hey  are very  
im p o rtan t to  the  synthesis of new organic m aterials or groups of m aterials, 
perhaps of hum ic substances, and  so th ey  partic ipa te  to  a high degree 
in the form ation of organo-m ineral com pounds and  chelates in soil, and  
in this w ay they  have a g rea t influence on soil structu re . A ccounted w ith 
th a t  are soil enzymes together regulating com position dynam ics and  func
tional effectiveness of microbiocoenoses in soil. (For detailed  description see 
Raw ald, in p rin t.) I t  should be considered th a t  soil enzym es w ith  their 
activ ities p lay  an  essential role in the biological ac tiv ity  of soils. T hey are 
also very  im portan t from  the poin t of view of soil fertility . This is w hy we 
stud ied  the effects of organic and  m ineral fertilizing on the  activ ities of 
some selected enzym es (polyphenoloxidase, tyrosinase, catalase, dehydro
genases) and  com pared the effects on several soil microbiological (density 
of bacterial population) and  soil chemical param eters (to tal carbon con ten t 
quo tien t Q 4/6).

In  the following 5 perm anen t fertilizing experim ents (PEE) we have 
investigated  in each case the deficient v a rian t (w ithout any fertilizing =  a), 
the com plete fertilizing v arian t (farm yard m anure w ith N P K  =  b) and 
the m ineral fertilizing v arian t (only N P K  =  k): 
heavy soils: CL (L ößkert-Parabraunerde)

MI (Ton-Ranker) 
black ea rth : LA (Löß-Schwarzerde) 
light soils: MÜ (Tieflehm-Fahlerde)

GK (B ändersand-B raunerde)
Polyphenoloxidase was determ ined  w ith  a modified m ethod according 

to  Kozlov (1964), dehydrogenase modified according to  L enhard  (1957) 
(see in Böhm e, R aw ald and  S tohr 1969, R aw ald  1968a, 1968b). T yro
sinase was determ ined  according to  L u th a rd t and  L v r (1965), catalase 
modified according to  Ambroz (1956).

B acteria  population was determ ined by  m eans of fluorescence m icro
scope (R aw ald 1968a, Stohr). M ethodical inform ation abou t d eterm ina
tion of the to ta l carbon conten t, of colorim etrical quo tien t Q 4/6 as well 
as of the ra te  of undecom posible carbon con ten t are to  be found in p u b li
cations of Dom ke and  R aw ald (1969) and  Rawald (1968a).
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One p a r t  of the investigations has been carried ou t in their annual 
dynam ics, i.e. on 5, term s, from  M arch to  November. O ther researches were 
carried ou t w ith  annually  homogenized sam ples which were produced by 
intensive mixing o f 5 equal sam ples from  5 term s. The results of investiga
tions and  the stab ility  of occurrences allowed th is ra tiona l m ethod (R aw ald 
1969).

R E S U L T S  A N D  D ISC U SSIO N

In  o d er to  m ark the soil chemical com position in the experim ental area, 
the effects of fertilizing on some soil chemical param eters  of all the re 
searched P F E  and  v arian ts  of fertilizing are represented in Fig. 1.

Concerning to ta l carbon conten ts (Ct) bo th  heavy soil h ab ita ts  CL and 
MI as well as the black e a rth  h ab ita t LA have m uch higher values th an  
both  light soil h ab ita ts  MÜ and  GK. The content of carbon, insoluble in 
N aO H  (Crest), however, differs from  these values; again, indeed, bo th  heavy 
soil h ab ita ts  GL and  MI have the highest values, b u t bo th  light soil hab i
ta ts  have proportionally  m uch higher values, and  even the black ea rth  
h ab ita t has the  lowest values concerning this insoluble carbon fraction. 
W ith  regard  to  the  colour quo tien t (Q 4/6) relatively  the investigated  
perm anen t fertilized h ab ita ts  do no t m uch differ; the heavy soil h ab ita ts

(CL, MI) have only slightly higher 
values th an  the  light soil h ab ita ts  
(MÜ, GK), the black ea rth  h ab ita t 
lias the lowest values again. I t  can 
be established th a t  the results of 
researching to ta l carbon con ten t are 
in an inverse ra tio  to  the results of 
researching Q 4/6 and  the con ten t of 
insolube carbon.

Fetilizing m ethods have effect on 
the investigated  param eters in the  
following way: com plete fertilizing 
(m anure w ith  N PK ) as a rule induces 
higher Ct-contents th an  it  is to  be 
established in deficient varian ts (w ith
ou t any fertilizing); m ineral fe rti
lizing (NPK) induces Ct-values be
tween theones of the v arian ts  with 
com plete fertilizing and  varian ts  
w ithout fertilizing. S im ilar are the 
valuesoflQ  4/6, even if the differences 
are sm aler. All the h ab ita t fertiliz
ing m ethods do not have the same 
effect on the contents of insoluble 
carbon. Sometimes the to ta l carbon 
conten ts are sm aller in the varian ts 
of com plete fertilizing th an  in the 
varian ts  of m ineral fertilizing or 
w ith o u t fertilizing (CL, MÜ); in

Fig. 1. C arbon (to ta l) co n ten t, Q 4/6 values 
an d  carb o n  insoluble in  soils o f  p e rm a
n e n t fertiliz ing  experim en ts. (A ccording 

to  D om ke.) L egend: 
a  =  w ith o u t m an u rin g ; b  =  fa rm y ard  

m a n u re  4- N P K ; к  =  o n ly  N P K
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o ther h ab ita ts  the Cresl-values of the varian ts  w ith com plete fertilizing 
are higher th an  those of the v arian ts  w ith  m ineral fertilizing only (MI, 
LA, GK); these values for th e ir p a r t  are in the com plete fertilizing 
v a rian t of several P E F  higher th an  those of varian ts w ithou t fertilizing 
(LA, GK), a t  o ther hab ita ts , however, th ey  have lower values (CL, MÜ).

We suggest these soil chemical param eters be selected from  m any others, 
b u t th ey  should no t be in te rp re ted  as a functional m eaning of soil enzymes 
for m etabolism  and  especially no t w ithou t com parison w ith  o ther, such 
as biological and  chemical param eters of the  soil. I t  is impossible to  te s t and  to 
estim ate the effect of cultivation m ethods in o ther ways in the  case of organic 
and  m ineral fertilizing w ith  only a single param eter or a group of sim ilar 
param eters. Generally speaking a conclusion cannot be draw n from  the 
value of one soil p aram eter to  those of o ther param eters  — unless there 
are direct, substan tia l in teractions as there are in the case of cellulose and  
ac tiv ity  of cellulase (Raw ald 1968b).

All biologically d irected  processes in the n a tu ra l h ab ita t are subject 
to  changes w ith  annual dynam ics which can be very  considerable. As an 
exam ple the developm ent of the density  of bacterial population  during 
the  period of vegeta tion  (from M arch to  Novem ber) a t  3 of the investigated 
perm anen t fertilized h ab ita ts  (LA, MÜ, GK) is represen ted  in Fig. 2. I t  
can be seen th a t  the  value of bacterial population  (num ber of bact./O.Ol 
mm2) of the v arian t of m ineral fertilizing is to  be found am ong the values 
of o ther varian ts  during  the whole year. The annual average level in 
black ea rth  (LA) is considerably lower th an  th a t in light soil (MÜ, GK).

The soil enzym atic activities are subject to  changes in the annual dynam ics 
too. F igure 3 shows the dynam ic annual developm ent (from M arch to  N o
vem ber) of polyphenoloxidase and  dehydrogenases in 2 hab ita ts. According 
to  synthesis, biological decom position, désactivation by  chemical com 
bination or sorption, reactivation  and  so on, it is no t to  be expected  th a t 
there are d irec t relations between the dynam ic yearly developm ent of any 
functional or system atical group of m icroorganisms, on the one hand, and  
the yearly  develop
m ent of the activ ity  of 
an enzyme or a group 
of enzymes on the 
other. I t  m ust be con
sidered, however, th a t  
enzymes are substances 
of microbial origin, and  
even if d irect relations 
are no t expected  there 
are common tendencies 
in the yearly  develop
ment.

Figure 3 shows 
through  the case of the 
bacterial population — 
th a t the annual av er
age level of enzymes in 
black ea rth  (LA) is

Fig. 2. Seasonal dynam ics o f  th e  d en sity  of b ac te ria  
p o p u la tio n s  (referred  to  1 g o f organ ic  carbon) in  soils 
o f p e rm an en t fertiliz ing  experim en ts. (A ccording to  

S tohr.) Legend: th e  sam e as in  Fig. 1

LA ML) GK
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1

F ig . 3. Seasonal d ynam ics o f  tw o  enzym es (re
ferred  to  1 g o f organic  carbon) in  soils o f  tw o  
fe rtiliz ing  experim en ts.) L egend: th e  sam e as 

in  Fig. 1

lower th an  in light soils (GK). 
In black ea rth  (LA) the annual 
dynam ics of dehydrogenase is 
sim ilar in the 3 varian ts, th is  is 
quite the same as in the  case of 
the bac te ria l population; th a t  
m eans the curves are nearly  
of the same k ind  and  the 
v arian t w ith  com plete fertiliz
ing has higher values th an  the 
deficient varian t, and the v ari
a n t w ith m ineral fertilizing 
ranges am ong the others. In  
case of dehydrogenase ac tiv ity  
such a com plete concurrence 
was n o t observed in light soil 
(GK).

Obviously it is necessary to  
consider polyphenoloxidase 
otherw ise th an  the group of 
dehydrogenases, concerning 
no t only its functional m ean
ing but also its dependence 
on fertilizing m ethods. Organic 
fertilizing can influence syn 
thesis or ac tiv ity  of poly- 
phenoloxidases less intensively 

or possibly depressively, be
cause the  average values of the

v a ria n t of com plete fertilizing are lower th an  those of the  v arian t w ithout 
fertilizing, and  the  v a rian t w ith  m ineral fertilizing is on the average level 
com pared w ith the 
others.

The represen ta tive 
average values o f an 
nual m ixed sam ples of 
fertilizing varian ts 
from  the investigated  
perm anen t fertilizing 
experim ents are sum 
m arized in Fig. 4. All 
t he values are referred 
to  to ta l carbon conten t 
(Ct ), th a t  means to  the 
hum us content. T here
by it is possible to 
com pare directly  the 
h ab ita ts  concerning 
hum us quality ; these 
com parisons are not CL Ml LA ML) GK CL Ml LA ML) GK

2.58

Fig. 4. In te n s ity  o f th e  a c tiv ity  (annua l m ean s  o f 5 te rm s 
a  year) in  soils o f p e rm an en t fertiliz ing  ex perim en ts . (The 

a c tiv ity  values a re  referred  to  1 g o f organ ic  carbon)



bounded w ith relations of hum us content. R eferring to  1 g soil there are 
en tire ly  different relations between the hab itats.

In  case of polvphenoloxidase and tyrosinase bo th  h ab ita ts  in light soils 
(MÜ, GK) clearly separate  from the h ab ita ts  in heavy soils (CL, MI) and 
from  the black ea rth  h ab ita t w ith  more th an  doubled values; in case of 
dehydrogenase and  catalase the p resen t values do no t allow such a conclu
sion. U nder these conditions the ac tiv ity  of microorganisms, the clay con
ten t, the sorption and  the désactivation are all affected.

Concerning the influence o f organic and  mineral fertilizing on soil enzy
m atic activities, in case of dehydrogenase the varian ts w ith m anure -f- N PK  
have the highest ac tiv ity  values in each case. The values of the deficient 
v arian ts  and  the v arian ts  w ith N P K  only are in different re lation to  each 
o ther before w ithout any relation to  the  soil. In one case the higher values 
belong to  the deficient varian t, in the o ther cases to  the N P K  varian t.

In case of tyrosinase the feature is extensively equalized, th a t  means 
between the 3 v arian ts  of fertilizing there are only small differences.

In case of polvphenoloxidase and  catalase, however, the highest activity- 
values are to  be found in each case in the deficient varian t (w ithout fertiliz
ing); while the relations between the v arian ts  w ith com plete fertilizing and 
w ith N PK -fertilizing are very  different. The reason for this phenom enon 
could be found in the sphere of sorption conditions. In  evaluating  the fer
tility  of soil, and  in this special case estim ating  the effect of organic and 
m ineral fertilizing of soil does not mean th a t an isolated supervision of 
bacterial population and  o ther soil biological values (physiological or 
system atic groups, soil chemical param eters as well as th is or th a t  soil 
enzym atic activ ity ) cannot have been successful. On each case the recording 
o f functional values, such as special enzym e activities, in tensity  of resp ira
tion and in tensity  of nitrogen fixation, allow such establishm ents in the 
best way. But even each of these param eters would n o t be sufficient, be
cause in each case only a small p a rt, a sector of the highly com plicated 
and  complex processes of m etabolism  can he evaluated.

Organic and  mineral fertilizing have a different influence on the param eters 
which are investigated  w ithin the bounds of these experim ents. Moreover, 
in case of to ta l carbon con ten t (Ct), colour quo tien t (Q 4/6), bacterial popu
lation and  dehydrogenase ac tiv ity  it can be shown th a t  m uch higher values 
are ob tained  in v arian ts  w ith m anure and  N P K  fertilizing th an  in 
varian ts  w ith  only m ineral fertilizing. B ut in case of to ta l carbon con
ten t, colour quo tien t and  bacterial population an in term ediate position 
of the values affected by  m ineral fertilization is established between the 
values effected in opposition to  these by com plete fertilizing (m anure -)- 
N PK ) and the deficient varian t ; in case of dehydrogenase ac tiv ity  changing 
proportions betw een deficient v arian t and  mineral fertilizing varian t 
are established.

In case of the o ther redoxase activities d irect relations between fertiliz
ing and  single activities which could be generalized even for one enzyme, 
cannot be established.

How complexly dependent the effects of fertilizing m ethods, how in ten 
sively they  are influenced in soil by various factors — follow no t only from 
consideration of the presen ted  soil enzym atic results; the same fertilizing 
m easure can influence t he enzym atic ac tiv ity  of various soils quite differ
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ently . E nzym atic  ac tiv ity  has a g reat im portance in the tu rnover of 
fertilizing substances which are in troduced in to  the soils. F rom  the point 
of view of th is concept we shall estim ate the whole m aterial electronically, 
here we could show only p a rt of the results by  m eans of some param eters. 
Only in this way can we get in tegra ting  results referring to  the influence 
of cultivation m easures on the soil fe rtility  potences w ithin several hab itats.

SUM M ARY

The effect of organic and  m ineral fertilizing have been investigated. By 
m eans of 5 perm anen t fertilizing experim ents in different soils (2 heavy 
soils, 1 black ea rth , 2 light soils), in com parison a deficient v arian t (w ithout 
fertilizing) was investigated  too.

The effect of fertilizing was characterized by means of 4 enzyme ac tiv 
ities (dehydrogenase, polyphenoloxidase, tyrosinase, catalase) which are 
com pared w ith  soil chemical param eters (to tal carbon con ten t =  Ct, 
colour quo tien t =  Q 4/6, con ten t of insoluble carbon =  Creit) and  w ith the 
density  of b ac teria l population.

In  addition to  yearly  dynam ic researches, results of yearly  m ixed sam ples 
are represented.

Concerning to ta l carbon con ten t colour quo tien t and  density  of bacterial 
population com plete fertilizing (m anure w ith N PK ) effects high values; 
m ineral fertilizing (NPK) induces lower values; in varian ts  w ithout fe rti
lizing (deficient varian ts) the lowest values were established in each p e r
m anent fertilizing experim ent (PFE).

F rom  the enzym es only in case of dehydrogenase, com plete fertilizing 
stim ulates the enzyme ac tiv ity  more th an  m ineral fertilizing; b u t the 
re lation between the m ineral fertilizing v arian t and  the deficient v a rian t 
is different in these experim ents too. In  case of all o ther investigated  
enzym es it is impossible to  establish  such a regularity ; the feature is 
different for several enzymes.

I t  is impossible to  draw  a conclusion to  fe rtility  conditions of soil by 
m eans of a single soil chemical, soil biochem ical or soil m icrobiological 
param eter.

The soil type conditions and  h ab ita t of soil com plexly influence the effect 
of fertilizing m easures. The effect and  the process of the  tu rnover of fe rti
lizing m aterial depend on num erous factors. This can be clearly shown by 
means of the different influences of fertilizing m easures on the investigated  
param eters in different soil forms of P F E .
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ON THE ADSORPTION BEHAVIOUR OF BACTERIA IN THE SOIL

G. M ü l l e r  a n d  B. H ic k isc h

IN ST IT U T E OF SOIL SCIENCE AND MICROBIOLOGY. 
M. LU TH ER U N IV ERSITY . H A L L E -W IT T E N B E R G , GDK

Almost the en tire  effects, im p o rtan t for the form ation of yields and soil 
fertility , e.g., conversion of hum us and  agrochemicals, are influenced to 
a high degree by  the adsorption capacity  of the soil. However, our know l
edge is still very fragm entary  in this respect. F o r this reason, we w ant 
to  repo rt here on a  series of tests in which we have exam ined the influence 
of na tu ra l and  industrially  m anufactured adsorbents on soil bac teria  w ith 
different m orphological and  physiological characteristic in model tests.

In  the centre of these com plex problem s the  question of the process 
of the v ital functions of the m icroorganisms in adsorbed s ta te , was first 
considered which in m any cases was found to  be contrad ictory  in the 
lite ra tu re . (Müller and  Ilickisch 1969).

The following experim ental program m e was pu t into practice step  by step  : 
We te s ted  12 different s trains of bac teria  and  9 different adsorbents 

(Table I).

E xperim ental
T a b le  1

programme for adsorption tests

Bacteria Characteristic Adsorbents

1. Pseudomonas

C ellular size 
Slime form ation  
M ovability I. Q uartz

fluor es cens 

2. Bacillus brevis

G ram  reac tion  
Age of cu ltu res

2. K ao lin ite
3. Arthrobacter simplex 3. M ontm oriilonite
4. Azotobacter chroococcum 4. B enton ite

5. Agrobacterium radiobacter

(). Bacillus subtilis 
7. Corynebacterium flaccumfaciens

5. Cation exchanger 
(W ofa tit CP)

6. A nion exchanger 
(W ofatit X)

7. A dsorption  resin

8. Bacillus cereus
(W ofatit EW )

8. A dsorption  resin

9. Micrococcus sp.
(W o fa tit EZ) 

9. Loess
10. Micrococcus flavus
11. Brevebacterium helvolum
12. Bacillus cereus var. mycoides
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The basis of com parison was quartz .
F rom  the group of the secondary clay m inerals, kaolinite, m ontm o- 

rillonite, and bentonite were selected.
W ofatits are ionic exchangers on the basis of artificial resin which are 

industrially  m anufactu red  in the GDR to  a  g rea ter ex ten t and  possibly 
m ay be valuable for fu tu re im provem ent of agricultural production areas 
w ith low adsorption capacity.

In  the series of tests  a cation exchanger (W ofatit CP), an anion 
exchanger (W ofatit N), and  2 adsorption resins (W ofatit E W  and  EZ) 
were involved.

As a first step  to  fu rth e r investigations w ith soils, loess subsoil was 
included in the program m e.

The results of tests  on th e  inclination for adsorption indicated  a specific 
influence of the bacterial strains, so th a t  in fu rth e r series of tes ts  the in 
fluence of cellular size, slime form ation, m ovability, Gram  reaction, and  
age of the cultures on adsorption were investigated.

Figure 1 shows the ascertained ra tes of adsorption of the adsorbents 
in an average of all soil bac teria  tested . Q uartz, a stable m ineral

Fig. 1. A d so rp tion  o f soil b a c te ria  on  d ifferen t ad so rb en ts  
in  com parison  to  th e  ca tion  exchange cap ac ity  (CEC) 
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extrem ely  neu tra l in its electrical charge, was only able to  adsorb 44%  
of the offered cells, the sm allest am ount of all adsorbents tes ted . In  
con trast to  this, kaolinite w ith a quadrup ly  intensified ionic adsorption, 
had  an adsorption ra te  for bac teria  of 75% . M ontm orillonite, a represen
ta tiv e  of the th ree-layer m inerals, is, com pared to  kaolinite, m arked in 
its surface tension by a higher am ount of energy, evidenced by an 
exchange capacity  eleven tim es higher th an  th a t of kaolinite.

F or the  adsorp tion  experim ents w ith  bacteria, i t  was always our 
endeavour to  ob tain  the same adsorption-active surface by use of a uniform  
grain size fraction . The inner surface of the  th ree-layer m inerals had  not 
to  be considered for adsorption of bacteria , since the distance of only a 
few A ngstrom  between the  layers excludes any adsorption of bacteria, 
even of the  sm allest ones. In  principle, also m ontm orillonite has the  same 
effective surface like quartz  and  kaolinite. I t  is our opinion th a t by this 
fact the increase of adsorption of the bac teria  by abou t 17 % only, com pared 
to  kaolinite, m ay be explained. W ith  92%  of adsorbed cells, m ontm orillonite 
ob tained  the highest value; the  difference to  kaolinite and  quartz , however, 
was sm aller th an  the cation adsorption in the  soil which is of g re a te s t 
im portance for producing crops. B entonite, ano ther rep resen ta tive  of the 
th ree-layer minerals, showed, as expected, a very  sim ilar behav iou r to  
m ontm orillonite.

Also loess, w ith  82% , was able to  re ta in  a very  considerable num ber 
of bacteria.

In  com parison to  these n a tu ra l inorganic adsorbents ju s t estim ated , 
the  industrially  m anufactu red  organic adsorbents on the basis of artificial 
resin showed m uch g rea te r ab ility  for ionic exchange.

Since the w idth  of pores of the ionic exchangers is te s ted  w ith  ions of 
30 A ngstrom  as a m axim um , only the ou ter surface could be considered 
in adsorption tes ts  w ith bacteria.

W ith  45% , the cation exchanger adsorbed practically  only the  same 
num ber of cells as quartz .

U nder analogous conditions, however, the anion exchanger adsorbed 
abou t 79%  of the cells offered.

This rem arkable difference of 34%  between the exam ined exchangers 
suggests a negative charge of the bacterial cells.

This presum ption is fu rth e r confirmed by the adsorption values o f the 
resins W ofatit EW  and  EZ.

By reason of their structu re , th ey  bo th  react like an anion exchanger; 
they  were able to  adsorb 87%  and  90%  of the offered cells, respectively.

In  consideration of the ind icated  results, i t  seems difficult to  explain 
the high adsorption ra te  of m ontm orillonite, since the negative charge of 
the bacterial cells and  the surplus of negative charge by which m on t
m orillonite is likewise m arked seems to  exclude an adsorption of cells on 
the  basis of Coulomb a ttrac tio n .

Here, above all, we presum e th a t  in system s w ith  n a tu ra l adsorbents 
pure substances m ay be p resen t only to  a restric ted  degree.

I t  is known th a t  in the case of n a tu ra l adsorbents, which certain ly  do 
n o t represen t pure substances, accom panying substances m ay be dissolved 
which can neutralize negative charges bo th  of the m ontm orillonite and 
of the bacterium  or recharge them , (McCalla 1940).
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Corresponding experim ents w ith  polyvalent cations in the suspension 
showed a d istinct increase of the adsorption ra te  by polyvalent ions; w ith 
m onovalent ions, the influence was w ithin the range of m ethodology.

H aving considered in some detail the g reat influence of the physico
chemical properties of the  adsorbents in adsorption experim ents, now 
the influence of the bac teria  and  some of th e ir m orphological and  physio
logical characteristics will be analyzed.

The adsorbents p resen t in the sam ples w ith  the same num ber of particles 
had been equalized to  the approxim ate partic le size of 2 pm ; w ith  the 
bacteria, however, only the num ber of cells in the suspension could be 
approxim ately  equalized.

For the experim ents, the role of the cellular size was therefore the first 
te s t factor, typ ical one of the species.

As shown in Fig. 2, the results give evidence th a t on the average 
all the adsorbents exhib it a decrease in their inclination for adsorption 
of the bac teria  w ith  increasing cellular size.

F rom  Micrococcus flavus w ith  a cell length  of 0.66 pm  and  an adsorption 
ra te  of 90%, the adsorption decreases w ith  increasing cellular length  of 
the bac teria  up to  Bacillus cereus var. mycoides (length of cell 4.02 pm) 
to  60.5% .

The living cells, in dependence of their size, behaved like inorganic 
partic les during the process of adsorption, however, by their slime form ation 
they  showed a specific behaviour, typical for the species, which concealed 
the  influence of the cellular size.

Slime-forming bac teria  were adsorbed to  a less degree th an  those w ithout 
slime form ation.

Fig. 2. A dsorp tion  o f soil b ac te ria  in  dependence on th e ir  cellu lar leng th  
(-(- s tra in s  w ith  slim e fo rm ation )
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This is evidenced in Fig. 2, 
still more d istinctly  in Fig. 3, 
where strains of about the 
sam e cellular size, b u t of differ
e n t ability  of slime form ation, 
are shown in relative p ropor
tion. The adsorption of the 
strains wit hout slime form ation 
was equal to  100%, com pared 
to  the strains w ith slime for
m ation.

As the cause of th is decrea
sed adsorption of the slime 
form ing bac teria  it was suspect
ed first of all a negative charge 
of some bacterial slimes, 
proved in the  experim ents. In  
th is case, however, the anion 
exchanger should no t have 
shown a decrease of adsorption 
w ith the slime form ing bacteria.

B u t also w ith  the anion 
exchanger a  depression was 
recorded. I t  was supposed th a t, 
for one thing, the decreased 
efficiency of the adsorbents m ay
be caused aggregation of their sm allest particles, induced by the slime, the 
resu lt of which is a reduced surface; for another, th a t  by increased viscosity of 
the suspension the cells m ight have been k ep t aw ay from  the adsorbent.

Also the  m ovability  of the bac teria  is a p roperty  which should be tak en  
in to  consideration in adsorption tests.

Active-m obile bacteria, as is well-known, are m arked by several flagella 
on their surface.

For re levant tests, 2 s trains of bac teria  w ith  flagella and  1 s tra in  w ithout 
flagella were selected and  cu ltivated  in liquid medium.

Following this, the cells of each of the strains were p a rtly  m ixed with 
acridine orange and  thus induced to  throw  off th e ir flagella. A nother p a r t 
of the cells rem ained un trea ted .

A fter th a t  the ra te  of adsorption was ascertained. The results were as 
follows:

Cells in a flagellated condition were more inclined for adsorption th an  
cells of the same stra in  w ithout flagella. The inclination for adsorption 
of the stra in  w ithout flagella form ation, bo th  of the tre a ted  an d  the u n 
trea ted  sam ple, was the same. Thus, a dim inution of the ac tiv ity  of the 
cells by trea tm e n t w ith acridine orange can be excluded. The recorded 
increase of adsorption is probably  induced bv the presence of flagella 
and  their active m ovem ents.

The cause for th is m ay be an enlarged surface of the cells, accom panied 
w ith  an only slightly increased volum e, however, also an  active tu rn ing  
tow ards the adsorbent could be possible.

IV.'.VJ strains with slime formation
□  strains without slime formation

F ig . 3. In fluence o f slim e fo rm ation  on th e  
ad so rp tio n  o f b ac te ria
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A dsorption experim ents w ith  bac teria  of different Gram  reaction resu lted  
in con trad icto ry  findings h itherto , because the far-reaching uniform ity  of 
o ther essential characteristics was neglected.

For th is reason, we selected 6 Gram  negative and  6 Gram  positive 
bac teria  whose properties, considered as essential, conformed to  a high 
degree.

The obtained  results showed th a t the  different Gram  reaction of the 
12 strains tes ted  had  no influence on the ra te  of adsorption.

The exam ination of the influence of the age of the bac teria  on the 
adsorption showed the following results:

Of 6 strains of bac te ria  tested , which a fte r growing a t  27 °C for 24 hours 
were stored  a t 4 °C, the  ra te  of adsorption decreased considerably only 
w ith  2 strains, and  also w ith them  only a f te r  81 days.

However, the storing tem peratu re  was chosen the same as th a t  of the 
incubation, the ra te  of adsorption decreased already a fte r the 9th  day.

C ontradictory  are the published experim ental results concerning prom o
tion or inhibition of the  v ita l processes of the bac teria  in adsorbed condition.

W ith  our com plex experim ental series it  was possible to  ascertain  the 
(juan tity  of C 0 2, evolved by  the adsorbed cells only.

The resu lts confirmed the  findings of S totzky (1966) and  N ovaková 
(1968) on the prom otion of the biological ac tiv ity  by  m ontm orillonite, 
fu rtherm ore also by  loess and  the adsorption resin EZ.

The CO., p roduction of the sam ples increased from  quartz  over the 
syn thetic  cation exchanger kaolinite, the  synthetic  anion exchanger, the 
adsorbent resin EZ, loess, up to  m ontm orillonite very  much. This increase 
runs in its  tendency  parallel w ith tlie ra te  of adsorption.

Table 2 gives evidence o f these facts.

T able 2
Com parison of the C 0 2 production and the rate of adsorption  

of the bacteria, tested w ith different adsorbents

Adsorbent CO2, ml Eel. Ads., % Eel.

Q uartz 1.0 100 4 8 .2 100

Cation exchanger 1.4 140 4 4 .0 91

K aolinite 1.7 170 77.1 160

Anion exchanger 1.8 180 8 7 .0 180

W ofatit EZ 2 .4 240 8 9 .2 185

Loess 2.(1 26 0 78.1 162

Montmorillonite 3 .5 350 9 5 .0 197

The adsorption increased from  quartz  (100%) over kaolinite, W ofatit EZ, 
and  loess, and  ob tained  w ith  m ontm orillonite up to  197%.

In  com parison to  quartz , however, the  C 0 2 produced w ith  m ontm o
rillonite was 350%.

B y reason of these results, the occurrence of sym ptom s of depression 
w ith  adsorbed m icroorganism s can be answered in the negative, it  can 
even be re ferred  to  a considerable prom otion of the C 0 2 production, above 
all by m ontm orillonite and  loess, b u t by  the adsorption resin as well.

268



These are the most im p o rtan t results of an extensive investigation on 
the adsorption behaviour of bac te ria  w ith  n a tu ra l and  industrially  m an u 
factu red  substances as adsorbents.

These results ex ten d  and  deepen our knowledge in ascertain ing the 
m icrobial processes in the soil which are of the g reatest im portance for 
the production of crop yields.

SUM M ARY

In  spite of the fact th a t  alm ost all m icrobial processes affecting soil 
iertility  are closely re la ted  w ith  adsorption phenom ena, our knowledge 
fn this field is inadequate, first of all as to  the v ita l processes of bacteria  
in adsorbed state .

We carried ou t a series of model experim ents and  ajjplied to  them  12 
strains, as to  th e ir m orphological and  physiological properties, different 
bacterial orgins and 8, p a r tly  n a tu ra l and  p a rtly  (for purposes of the 
in dustry  made) artificial adsorbents.

As a first approach to  the solution of the complex problem  we investi
gated  the adsorption capacity  of bacteria, fu rtherm ore the influence of 
cell size, slime form ation, m obility, G ram  reaction as well as the age of 
bacterium  cultures upon the adsorption to  various adsorbents.

The resu lts obtained  have been discussed.
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T H E  ROLE OF SOIL M ICROORGANISM S IN  T H E  
TRANSFORM A TION OF ORGANIC PH O SPH O R U S IN  SOIL

M. N. Be r a n g ú  l o v a  and F. H . C h a s ie v

INSTITUTE OF BIOLOGY OF BASHKIRIA!* BRANCH 
OF THE ACADEMY OF SCIENCES OF THE USSR, UFA, USSR

The elucidation  of the specific role of soil m icroorganisms in transform ation  
o f phosphor-organic com pounds is an  im p o rtan t task  of soil microbiology. 
The s tu d y  o f th e ir enzym e activities and  phosphorus m etabolism  in m icro
organism  — soil — p lan t complex system  has the most perspective bo th  
from  a  scientific and  p ractical po in t of view.

Nuclease and  phosphatase activ ities of soil bacterial populations and 
the  transform ation  of different native and soil phosphor-organic com pounds 
in connection with phosphatase and  nuclease activities of soils were studied.

M A T E R IA L  A N D  M E T H O D S

Nuclease ac tiv ity  of bac teria  was determ ined  by the acid precipitation 
m ethod o f Jeffries e t al. (1957); the enzymic soil ac tiv ity  was studied 
using our m ethod (B urangulova and  Chasiev 1965); phosphatase ac tiv ity  
of bac teria  colonies was determ ined by using sodium  phenolphthalein- 
phosphate ; organic phosphorus fraction — suggested bv H evfets (1948).

I t  was found  th a t  m any groups and  species of soil bac teria  have the 
a b ility  to  produce the enzym es of nuclease and phosphatase (Table 1).

T ab le  1
N uclease and phosphatase activities oj bacteria isolated from a grey

forest soil

Enzymes

Bacteria

Ribonucléase Desoxyribonuelease Phosphatase

Tested Xo. Active Tested Xo. Active T ested Xo. Act it

Вас. agglomeratus 0 0 0
Вас. mycoides 11 0 0 •'> 0 0
Вас. adhaerens 3Ÿ 2 5.5 7 0 0 t 3 42.
Вас. cereus 25 21 S4.0 9 0 66.0 10 9 90.
Вас. glutinosus 17 1 5.9 0 0 0 0 0 0
Вас. megatherium 21 17 80.9 4 0 0 4 1 25.
Вас. mesetericus 17 15 84.1 Í 9 1 18.5 7 3 42.
Pseudomon a s 53 5 9.4 25 1 4.0 40 20 43.
M  ycoba ct erium

globiforrne 32 4 12.5 r>
1

0 0 <> 1 10.
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One has to  rem ark th a t the ab ility  of bac teria  to  produce nuclease and 
phosphatase ex tracellu lar enzymes is not a constan t characteristic. I t  
varied  according to  the different strains of the same species.

According to  th e ir enzym e activ ities one can distinguish the following 
bacterial groups: of the investigated: 1) bacteria  w ith  slight nuclease and 
phosphatase activ ities (  Вас. glutinosus, Вас. my coidea, the most bacteria  

-  Mycobacterium and  Micrococcus); 2) w ith  high phosphatase activities 
(Вас. adhaerens, Pseudomonas) ; 3) w ith rhibonuclease and phosphatase 
activ ities (Вас. cereus, Вас. megatherium, Вас. mesentericus) ;  4) w ith 
DN A  — asic, R N A  — asic and  phosphatase activities (Вас. cereus, Вас. 
subtilis, Вас. mesentericus).

Analyzing the relative contents of bacteria  according to  m entioned 
groups it will be no ted  th a t  m ost represen ta tives of bacterial populations 
of grey forest soils have slight nuclease ac tiv ity  and  are not able to  decom 
pose high-m olecular phosphor-organic compounds. This fact has apparen tly  
great ecological significance in the physiological ac tiv ity  of microorganisms 
in different types of soils. In  grey forest soil m icroorganisms apparen tly  
use prim arily  mobile m ineral phosphorus com pounds and low molecular 
phosphororganic compounds, also, having free phosphorus group which 
can be lightly  chipped off by phosphatase. The form ation of extracellu lar 
nuclease in th is case is no t v itally  necessary for them .

Q uan tita tive  bacterium  d istribution which can split highly polym erized 
nucleic acids (Bar. megatherium, Вас. mesentericus, Вас. subtilis) also 
depends on soil conditions. In  non-chernozem  soils they  are found in very  
negligible num bers (Table 2). In  chernozem  soils these species are widely 
d is trib u ted  which is connected w ith  th e ir ability  to  assim ilate n itra te  
nitrogen and  highly polym erized organophosphorous com pounds which 
dom inate in  the soils.

T ab le  2
The occurrence of spore-forming bacteria in the soils ( in  °/0)

Soil
Вас.

agglo-
m eratus

Лис.
m ycoides

Вас.
adhaerens

Вас.
cereus

Вас.
1 glutinosus

Вас.
m ega

therium

Вас.
m esen
tericus

Light grey 17.4 0.8 24.6 8.0 17.4 1.2 0.4
Grey 12.1 1.8 9.2 3.3 12.3 1.5 1.4
Dark-grey 16.5 0.9 0.9 5.8 14.9 0.9 0.0
Podzolic chernozem 3.1 0 0 1 3.1 0.8 31.1 14.2
Leached chernozem 0.5 [ — 1.6 j 1.6 0 18.5 11.1

As it  is shown in Table 2 in the chernozem  soils from  the bacterium  
groups which are most able to  mineralize w ith high molecular weight orga
nophosphorous com pounds the represen ta tives of Bar. megatherium, Вас. 
mesentericus groups, occurred and in grey forest soils the represen ta tives of 
Вас. cereus can be found. The wide d istribu tion  of the la tte r  in the grey 
forest soils is due to  the  fact th a t  th ey  are not able to  assim ilate m ineral 
nitrogen and  a t  the same tim e in the given soil conditions th ey  have very 
high nuclease and  phosphatase activities exceeding Вас. megatherium and 
Bar. mesentericus activities. In  grey forest soils w ith adequate organic
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nitrogen con ten t the presence of active nuclease of Вас. cereus has ad v an 
tages over o ther bacterium  groups.

The d a ta  prove th a t on biochem ical m obilization of organic and  p lan t 
residues it is necessary to  have different approaches tak ing  into consider
ation soil conditions and  conten t and enzymic activities of microbic 
cenosis.

In  close connection w ith  microbe population having phosphatase and 
nuclease activities there are the corresponding enzymic activities of soils. 
In  con trast w ith  grey forest soil phosphorus m etabolic processes proceed more 
intensively in chernozem. This is due to  its g reater population by phosphor- 
m ineralizing and  in th is connection by com paratively high phosphoesterase 
activities of soils them selves.

As Table 3 illustra tes the in tensity  of déphosphorylation of organo
phosphorous com pounds in soil correlates w ith  the activities of corresponding 
enzymes.

T able 3
Phosphoesterase activities and dissociation of organo-phosphorous compounds

in  the soils*

Organic phosphorus Enzyme activities

Soil Nueleate-Na Phytate-Na
Glycero-

phosphate-
Na

Nuclease

1
J Phytase Glycero-

phosphatase

in % to substratum mg P 20 5 per 100 g soil

rey-forest 
hernozems:

11.96 — 43.94 5.98 — 21.97

Leached 15.95 4.96 77.20 7.98 2.48 38.60
Typical 18.62 3.65 83.22 9.24 1.82 41.61
Calcareous 32.98 1.98 80.43 16.48 0.99 40.20

* T he co n cen tra tio n  o f  o rgano-phosphorous com pounds w as eq u iv a len t to  50 m g 
P A  p e r  100 g soil each , in cu b a tio n  tim e : 24 hours.

The speed of m ineralization of organic phosphates depends also on their 
chemical peculiarities. In  the experim ents native organic phosphate com 
posting for 80 days w ith  the leached chernozem  in optim al hydrotherm al 
conditions it  was observed th a t low-molecular organo-phosphates as a 
resu lt of their non-specific hydrolysis by different phosphatases hydrolyze 
alm ost wholly and  do no t accum ulate in soil no tab ly  (ATP, glycerophos
phates, sugar phosphates (Table 4). Nucleic com pounds and p h y ta tes  as 
a result of th e ir high specificity w ith  respect to  hydrolytic enzymes and 
lower activities of corresponding enzymes in soils dissociate less intensively 
and  accum ulate in the soil. T hat is why most of the soil organic phosphorus 
is apparen tly  p resen t by these com pounds (W renshall and  D yer 1941, F ab ry  
1960, B urangulova 1960). Consequently the m easures for im proving the 
phosphoric regime of soil a t the expense of soil supplies of organic phos
phates m ust be d irected  prim arily  a t m obilization of stable nucleic and  
phy tin ic  phosphates of organic soil complex.

The transform ation  of organic phosphate of soils them selves and  its 
dependence on enzym e activities is of g reat interest.
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T able 4
The intensity of déphosphorylation of the native organic phosphates in soil

Variant

Organic phosphorus 
extracted from soil

Mineralization of 
applied phosphorus Dissociation of organ-

mg P20 5 per 100 g soil
ic phosphorus ap
plied in soil in %

Control 102.9
N ucleate—Na 124.9 27.50 55.0
RNA 111.3 21.57 33.1
Glycerophosphate-Ca 103.9 49.02 98.0
Phytyn 145.2 7.70 15.4
ATP 104.9 47.98 95.9

D uring a m onth  the com posting of calcareous and  leached chernozems 
was carried out and the changes of correlation of acid-soluble and  alkaline- 
soluble trac tion  of organic phosphates and  soil nuclease activities were 
observed (Fig. 1).

The in terdependence between nuclease activities changes and  the m iner
alization of amm onia-soluble fraction of organic phosphorus like nucleic 
com pounds is observed.

A pparently , the labile fractions of soil nucleic acids are subjected 
prim arily  to  biochemical m ineralization. Analogous changes of organic 
phosphorus con ten t on the com posting of chernozems were also observed 
by F ab ry  (1963), however, the au th o r does not connect dynam ics of organic 
phosphorus w ith  the changes of enzym ic activities.

ft
Fig. 1. T he change o f organic and  m inera l phos
p h a te s  co n ten t (%  to  sum ) an d  soil nuclease 
a c tiv ity  d u rin g  com posting. I calcareous c h e r
nozem ; II  leached chernozem . 1 ) soil before com 
posting ; 2) a f te r  com posting: 3) m inera l p h o s
phorus; 4) am m onia-so lub le  organic phospho rus; 
5) acid-soluble organic phosphorus; 6) nuclease 

ac tiv ities
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Fig. 2. T he dynam ics o f organic phospha tes co n ten t 
and  nuclease a c tiv ity  in  calcareous chernozem . I 
con tro l; I I  m anu re ; I I I  N P K ; 1) nuclease ac tiv ities ;
2) acid-soluble organic  phosphorus; 3) am m onia-so l

uble organic phosphorus

In  connection w ith higher activ ities of nuclease and  lesser s tab ility  of 
nucleic acids their m ineralization in calcareous chernozem  proceeds more 
intensively (14%) th an  in leached one (9%,).

In  field experim ents there was a positive correlation betw een nuclease 
ac tiv ity  of the  soil and  the  am ount of am m onia-soluble organophosphorous 
compounds, as it is shown in Fig. 2. The investigation  was done on the 
control plots, fertilized by m anure (20 t/ha) and  full m ineral fertilization 
(N 45P 60K 45) during the vegeta tive period. As shown in Fig. 2, the seasonal 
conten t change of amm onia-soluble organic phosphorus has an opposite 
tendency to  the dynam ics of nuclease activities. The hydrolytic dissociation 
of the  above m entioned forms of organic phosphates is connected w ith  the 
action of soil nuclease.

Nuclease and  phosphatase activities of microorganisms are determ ined  
by soil conditions. In ten sity  of the hydrolysis of native and  soil organic 
phosphates depends on enzymic ac tiv ity  of microflora and  soil. The activities 
of phosphoesterases indicate the in tensity  of biochemical m obilization of 
different soil organo-phosphorous com pounds.
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ON T H E  PRO BLEM  OF M ODELLING IN SOIL ENZYMOLOGY

K . A. K ozlov | , V. p .  K is l it s in a , E. M. Z h j>anova , Yu . A. Markova
a n d  E. N. Mik h a ilo v a
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The developm ent of soil enzymology is characterized at present by investi
gations on single enzym e reactions and on those occurring in soils. B u t 
“ dism em bering the chemical continu ity  of processes. . . we cannot om it 
our obligation to  restore the d isin tegrated  p arts  in their wholeness” according 
to  this sentence of the em inent biochem ist L ipm ann (1948, p. 57) is quite 
pertinent in defining the tasks of soil enzymology. Now we have to  sim ulate 
processes in tegrating  substan tia l and  energetic metabolism  perform ed in 
soil.

In  th e  soil b o th  reac tio n s  occur due to  enzym es o f  v a rious origin a n d  
d irec ted  by  vec to ria l processes being affected  by  th e  to ta l i ty  o f enzym es 
an d  su rro u n d in g  organism s, as also by  th e  sy n th esis  o f  su b stan ces like 
hum us, am ino  acids, e tc .

Modelling m ay be considered as one of the ways of elucidating the role 
of living single com ponents in the form ation of enzym atic level of the soil. 
The im portance of modelling in n a tu ra l and  scientific experim ents is now 
generally accepted. The realization of models in biology enabled the solution 
of a series of essential biological problem s, particu larly  in biochem istry. 
The main advantages of such models in biology consist in their ability  
to  sim ulate na tu ra l biologic system s, deliberately sim plifying and schem a
tizing them , which stim ulates a b e tte r  understanding  of the m ain point 
of the phenom enon (Beam ent 1963).

An exam ple of a biological model is the artificial percolation which 
creates conditions sim ulating na tu ra l ones, in the sample of soil flow and 
also by contam ination of sterile soil sam ples by  single com ponents of 
edaphon followed by ac tiv ity  determ ination of some enzymes. These kinds 
of experim ents enable the solution of the problem  of the origin of soil 
enzyme and specific role of single edaphon com ponents in the form ation 
of a n a tu ra l enzym atic soil level.

As we have shown, the enzyme ac tiv ity  of single edaphon com ponents 
m ay be higher than  in the soil itself from  which they  have been rem oved 
(Kozlov and  N iucheva 1968). For instance, the activ ity  in a culture of 
Pseudomonas sp. isolated from  salt-m arshes of the SE T ransbaikalian 
region, the redoxases ac tiv ity  (polyphenoloxidase and peroxidase), exceeded 
(by 29—44 per cent) the activ ity  in these soils.

To elucidate the role of single edaphon com ponents in the  form ation 
of a n a tu ra l enzyme level of the  soil we inoculated previously sterilized 
soils w ith pure organism  cultures (mainly w ith fungi) or th e ir m ixtures, 
isolated from  the same soils. The soil a fte r prelim inary autoclave trea t-
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m ent was m ain tained  a t 60 per cent hum idity  as based on full m oisture 
capacity , a t -(-25—27 °C for 7 days.

Two soils have been applied, a leached chernozem  and  a soddy soil from  the 
southern  p a rt of the  Irk u tsk  region. The cultures were isolated from  the 
chernozem  soil. The results of these experim ents are sum m arized in Table 1.

T able I
E nzym e activity on a soil inoculated by fu n g i (to  1 g of soil)

Culture
Catstlase Saei'harase Peroxid ase Polyphene>loxidase

1 11 I II L 11 1 11

Pénicillium sp. 0.27 0.61 16.8 14.7 2.8 4.5 0.6 1.6
Trieb oder ma lign or urn 0.10 0.45 15.63 13.4 1.6 3.2 0.2 1.1
Fusarium sp. 0.2 I 0.88 15.1 10.5 2.4 4.0 0.8 0.4
A ctinomyc.es griseus 1.08 13.4 2.0 0.5
Pénicillium  -j- Trichoderma 0.27 0.50 15.3 14.4 1.6 15.2 1.2 5.9
Fusarium  +  Actinomyces 0.34 0.27 0.7 -•7 4.8 1.6 0.8 0.4

N ote: Г— chernozem , I I soddy  soil no experim en t pe rform ed

The above-m entioned d a ta  show th a t enzyme ac tiv ity  in experim ental 
soils exceeds the ac tiv ity  determ ined in n a tu ra l soil, used as control. 
Therefore, the contam ination of sterile soils with pure fungi cultures or 
th e ir m ixtures prom otes such an ac tiv ity  of single enzym e or approaches 
the characteristic level for a n a tu ra l control or exceeds the la tte r.

In order to  elucidate this problem  in detail we perform ed sets of corre
sponding experim ents w ith percolators (K islitsina 1966, M arkova 1967). 
We have obtained the following d a ta  for the ac tiv ity  of cellulase (1) 
(Table 2).

T able 2
Effect of fu n g i on cellulase activity of the chernozem  

of SE -T ransba ika lian  region*

Experimental conditions
Activity, 1 fifi of I 

I glucose to 1 g of soil 
or 1 ml of filtrate

Reduction as com
pared with reference 

per cent

A ir-d ry  soil as reference* 28.0
Soil trea ted  in an  au toc lave 22.4 100
Pénicillium sp. 4.0
Denialium hispidulum 9.2
A utoclaved  soil -|- cu ltu ra l liqu id 13.2 59
Pénicillium
A utoclaved  soil -j- cu ltu ra l liquid

I), //ispidulum 12.6 56

* T he techn ique  o f cellulase a c tiv ity  d e te rm in a tio n  h as been  repo rted  in an  early  
p u b lica tio n  (K islitsina , K ozlov, 1968; K islitsina , 19(i(i; K ozlov. K islitsina , 1967).

I t  has been shown th a t soil inoculation by any species of fungi dis
played a cellulolytic ac tiv ity  to talling  55 — 59 per cent of the initial ac tiv ity
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of the autoclaved chernozem  soil. Thus autoclaving trea tm en t and  in 
oculation w ith some fungi culture prom otes a sufficiently high level of 
cellulase activ ity .

We have obtained  sim ilar d a ta  in a s tudy  on nuclease (RNA-ase) ac tiv ity  
(M arkova 1968).

A t perfusion through an oven-heated chernozem soil of SE-Transbaikalian 
region w ith cultures of Bacillus megatherium or Pénicillium citrinum  and  
a high con ten t of sodium  nucleate as a substra te , the ac tiv ity  of RNA-ases 
exceeded the  initial by 55.5 per cent or equalled it correspondingly. These 
d a ta  convincingly support the im p o rtan t p a r t played by microflora in the 
form ation of enzyme level in soils (Table 3).

T able 3
Effect of organism s on R N A -a se  activity of chernozem soil

Experimental conditions 1 RNA-ase activity 
mg of P z0 5/1 g soil Reference, per cent

A ir-dry  soil as reference 0.007 100
H eated  soil 0.0
H eated  soil -j- B. megat. -f- nuc leate 0.046 657
H eated  soil -}- Pen. citr. -}- nucleate 0.007 100

The study  of phosphohydrolase activ ity  in cultures of organism isolated 
from  E ast-S iberian  soils has shown this ac tiv ity  to  be significantly higher 
than  in the soil. For instance, the endophvtase ac tiv ity  of Pénicillium  
citrinum  equalled 1.73 mg P 20 3/1 g dry  m ycelium and in the soil from  
which it has been isolated 0.008 mg 1 J20 5/ l  g dry  soil (M arkova 1968).

The above-m entioned d a ta  show unam biguously th a t the ac tiv ity  of 
single enzym e com ponents of edaphon m ay  be higher or lower th an  the 
ac tiv ity  level in the  edaphotope (soil). The q u an tita tiv e  evidence of this 
ac tiv ity  depends on the given m edium  conditions.

A pplication of a com puter (ВСЕМ) to reveal medium factors determ ining 
the  soil enzym e ac tiv ity  (namely, proteases) has shown th a t this activ ity  
depends a great deal on the resources of hum us and  mobile nitrogen forms 
(-)- == 0.40 —0.59) and  also on the presence of producing forms for the 
given group of enzym es (amm onifying bacteria, sporulating forms of 
bacteria, fungi and actinom ycètes). The correlation coefficient in th is case 
has been + 0 .7 4  (M ikhailova 1969).

All this indicates the significant p a r t played bv the microflora in soil 
enzym atic ac tiv ity  form ation.

Since root system s of higher p lan ts also contribute to  the biological soil 
ac tiv ity , the la tte r  has been determ ined by us near the roots also. Mean 
values of th is experim ental work are sum m arized in Table 4.

The ac tiv ity  of root system  enzym es of agricu ltural p lan ts is fairly 
high and m ay exceed bo th  activities, of soil and  of microflora isolated 
from  it.

During the last years m uch a tten tio n  has been paid  in biology to  the 
soil fauna as a constitu tive p art of soil population (Gilyarov 1965). The 
enzym atic ac tiv ity  of this edaphon com ponent has been hardly  studied
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T able 4
E nzym atic  activity of higher plant root system s 

(based on 1 g of dry root m ass )

Plant Catalase, 
mg H 20 2

Saccharase 
mg. inv. sugar

Peroxidase Polyphenol - 
oxidase

iodine, ml

Corn 9 .5 73 .7 2 .0 4 0 .0

Bean 8 .3 100 .6 4 .0 2 4 .0

W heat 5.1 6 5 .3 1.6 16.0

com paratively (U khtom skaya 1952, A ntoniani e t al., 1954, K iss 1957, 
Hoffm ann 1959, Kozlov 1963, 1965).

The enzvm atic activ ity  being re la ted  to  degradation and synthesis of 
organic m atter, we estim ated  the oxidase activ ity  (polyphenoloxidases, 
peroxidases, catalases and  dehydrogenases) and  cellulases in soil and  
extractions of the investigated  soil fauna (Kozlov 1965, K islitsina 1966). 
D a ta  obtained by  these determ inations are presented in Table 5.

T able 5
E nzym e activity in  soil, matter from  ant-hills and extract 

obtained from  the soil fauna  (1  g soil or substrate)

Enzyme sources
Dehydrogenase, 

mg, TFF
Catalase 

mg H 20 2

Polyphenol-
oxidase Peroxidase

iodine, ml

Soil from ant-hill, Formica fusca 0.006 24.6 6.8 9.9
Young working ants 0.106 32.1 3.1 13.4
Chrysices-ova of ants 0.157 10.8 8.2 9.6
Soil near the ant-hill
Soil from the ant-hill, Formica

0.002 2.5 0.4 2.6

rufa 0.003 17.5 5.6 8.1
A nts’ chrysices 0.054 6.8 1.18 3.4
Soil near the ant-hill 0.001 5.1 3.7 5.2
Rainworm s Lumbricus terrestris 0.125 29.7 1.38 2.7
Soil inhabited by worms 
Grubs of may-cockchafers Meld-

0.021 27.2 1.29 2.9

lonthia hippocastanea F.
Grubs of bronze crackers Selato-

0.024 25.1 11.8 10.2

somus alilus Z. 0.032 5.1 1.31 4.1
Soil inhabited by insects 0.005 28.5 10.3 9.7

As shown by the table, oxidase activity reaches higher levels in repre
sentatives of soil fauna than in soils inhabited by them. Some differences 
in activity of this group of enzymes may be observed for single represen
tatives of fauna due to specific particularities and other medium factors.

Analogous d a ta  are ob tained  for cellulase. Thus for an t Formica uralensis 
the cellulase ac tiv ity  has been shown to  be 30 and  for Companatus herculanus 
31 /ág glucose/lg, respectively.

Investigations of other fauna representatives characteristic for “taiga” 
landscapes of Eastern Siberia (in particular, caterpillars of the Siberian
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bom byx, Dendrolimus Sibiriens Tschetv.) have also shown a higher activ ity  
of oxidases as com pared w ith the cedar needles and  soil of their inhabitation  
ones (Kozlov 1965). This dem onstrates the im p o rtan t p a r t played by fauna 
in soil enrichm ent bv enzymes.

I t  is impossible a t p resen t to  determ ine the specific weight of soil fauna 
in the  biological ac tiv ity  form ation of soil b u t the d a ta  offered prove it 
w ithout doubt.

As shown by model experim ents, the biological ac tiv ity  of soil (m easured 
by  ac tiv ity  of some enzym e or their to ta lity ) represents no t sim ply the 
sum of enzym e activ ity , as produced by some single edaphon com ponents 
(organisms, soil fauna, higher p lan ts  roots). I t differs as a rule from  the 
ac tiv ity  value, being higher or lower th an  it. This activ ity  of single edaphon 
com ponents is being determ ined by concrete environm ental conditions, 
type of the soil and its genesis, composition of biocenosis and  the complex 
of abiogenous and biogenous factors, characteristic for the p articu lar 
soil (Kozlov 1968).

We consider the modelling, i.e. inoculation of soil or its analogues 
by  represen ta tives of soil population in percolatory  experim ents followed 
by trea tm e n t of d a ta  obtained  w ith com puters, as a m eans of elucidating 
the specific weight of single edaphon com ponents in enzym atic (biological) 
ac tiv ity  form ation of soil.

This tren d  seems to  have good prospects in the fu tu re for the whole of 
biology as it  m ay serve to  establish the  laws and  special relations ex ist
ing in soils.
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EFFECT OF ORGANIC SUBSTANCES ON NITRITE FORMATION
BY NITROSOMONAS

S. P. T a n d o n

DEPARTM ENT OF CHEM ISTRY. U N IV ERSITY  OF ALLAHABAD, ALLAHABAD. IN DIA

N itrification in soil is of g rea t im portance from  the po int of view of fertility  
of land. Since the discovery of the process of nitrification by the F ren ch  
workers Schloesing and  M untz, in 1877 and  the  isolation of the m icro
organism , Nitrosortionas, by  W inogradsky in 1899, a large am ount of work 
has been done to have a clear p icture of the whole process of bacterial 
nitrification in soil, b u t still the position is not qu ite  clear. There have 
been different and  contrad ictory  opinions abou t the effect of organic 
substances on grow th and  ac tiv ity  of Nitrosomonas. I t  was rep o rted  by 
W arington (in 1878—1884) and  the pioneer microbiologist W inogradsky 
in 1899 th a t m any organic m aterials, such as glucose and  o ther sugars 
are toxic to  the nitrifiers. In  1936 P andala i and  la te r m any others made 
sim ilar observations. G undersen (1955) lias shown th a t although certain 
am ino acids are toxic to  the n itrify ing  bacteria, a few v itam ins do not 
produce any  inh ib ito ry  effect on the process of n itrification by N itro
somonas. On the o ther hand, in 1956 R uban  rep o rted  th a t  although the 
presence of large am ounts of organic substances s to p p ed  the process of 
nitrification, the organism  did not get killed and  resum ed ac tiv ity  when 
transferred  to  a fresh culture medium.

Thus, it can be realised th a t there were two different and  contrad ictory  
opinions abou t the effect of organic substances on the grow th and  ac tiv ity  
of Nitrosomonas, one suggesting toxic effect while the o ther an inhibitory 
effect. The problem  therefore, needed a more detailed  study .

In  view of the fact th a t  sugars and  o ther organic substances serve as 
food m aterials for m ost living beings, this seems quite unconvincing th a t 
organic substances are toxic to the nitrifiers and  th e ir presence inhibits 
the process of nitrification. I  along w ith my students, therefo re , studied 
in detail the effect of sugars and  some o ther organic com pounds on the 
grow th and  ac tiv ity  of Nitrosomonas. The com pounds taken  for this s tudy  
were glucose, fructose, mannose, galactose, xylose, arabinose, lactose, 
m altose, m annitol and  ta r ta r ic  acid.

Isolation of Nitrosomonas. A pure culture of the nitrifier, Nitrosomonas, 
was p rep ared  from  the garden soil by O m elianskv’s m ethod of elective 
culture in conjunction w ith  the silica gel m ethod of W inogradsky.

Effect of glucose on nitrification. We used different am ounts of glucose 
for a definite q u an tity  of the medium containing Nitrosomonas and  e s tim at
ed  the am ount of glucose used up a t different in tervals of tim e. In  another 
set of experim ents we estim ated  colorim etricallv by Duboscq colorimeter, 
th e  am ount of n itrite  form ed a t different in tervals of tim e in presence
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of d ifferent am ounts of glucose as well as in the absence of glucose. We 
also estim ated  the  am ount of to ta l nitrogen p resen t in the m edium  a t 
the  beginning of the experim ent and  a t the end  of the experim ent and 
found th a t there occurred no loss in the nitrogen con ten t of the medium  
during the course of the experim ent.

Our observations (Tables 1, 2 and  3) and  conclusions are as follows:
T able 1

N itrifica tio n  in  the presence of D-glucose 
V olum e o f th e  cu ltu re  m ed ium  ta k e n  =  80 m l
V olum e o f  th e  enriched cu ltu re  (inoculum ) added  =  1 m l
V olum e o f th e  am m onium  su lp h a te  (10%  solution) added  =  1 m l

Í Amount of 
1 D-glucose 

No. added to the 
medium 
(in mg)

Amounl of D-glucose left a t different intervals of time

T i m e i n  h o u r s

48 96 144 192 240 288 336

1 Control Nil Nil Nil Nil Nil N il Nil
2 5.00 N il Nil Nil Nil Nil Nil Nil
3 10.00 4.37 Nil Nil Nil Nil Nil Nil
4 20.00 10.94 4.37 Nil Nil Nil Nil Nil
5 25.00 17.50 8.75 3.64 Nil Nil N il Nil
6 30.00 19.68 12.39 5.10 Nil Nil Nil Nil
7 1 40.00 29.16 24.06 9.45 2.92 Nil Nil Nil
8 50.00 34.26 28.43 9.45 2.92 Nil N il Nil
9 i  60.00 48.84 45.20 27.70 10.93 3.64 Nil Nil

10 ; S0.00 71.44 67.80 50.30 29.89 16.04 6.56 Nil
11 1 100.00 97.69 92.58 71.44 52.49 40.09 19.68 5.10

C ontro l =  con ta in ing  no  glucose.

T able  2
N itrifica tio n  in  the presence of D-glucose

V olum e o f th e  cu ltu re  m ed ium  ta k e n  =  80 m l
V olum e o f  th e  enriched cu ltu re  (inoculum ) added  =  1 m l
V olum e o f th e  am m onium  su lp h a te  (10%  solution) added  =  1 m l

Amount of Nitrite formed a t different intervals of time (mg/1)

No.
D-glucose 

added to the T i m e i n  h o u r s
medium 
(in mg) 48 96 144 132 240 288 336

i . Control 2.85 5.31 8.84 38.34 69.00 141.54 241.46
2. 5.00 — 3.41 6.90 33.12 88.46 172.56 270.62
3. 10.00 2.21 4.60 24.15 67.90 164.26 324.02
4. 20.00 — 2.30 10.45 28.75 74.43 230.00
5. 25.00 — — 1.56 7.08 24.15 57.50 219.05
6. 30.00 — — 1.56 4.44 19.17 53.04 153.36
7. 40.00 — — — 2.12 10.45 28.75 104.55
8. 50.00 — — 1.11 6.79 10.45 57.50
9. 60.00 — — — — 1.S4 9.20 46.00

10. 80.00 — — — — — 3.68 18.55
11. 100.00 — — — — — — 4.60

C ontrol =  con ta in ing  no  glucose.
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T ab le  :t
N itrifica tion  in  the presence of large concentrations of D-glucose

V olum e o f  th e  cu ltu re  m edium  ta k e n  =  80 m l
V olum e o f th e  en riched  cu ltu re  (inoculum ) added  =  1 ml
V olum e o f th e  am m onium  su lp h a te  (10%  solution) added  =  1 m l

USTo.

Concentratioi

Amount of I)-gluccse 
added to the medium 

(in mg)

of D-glueose

Amount of D-glucose 
left after 840 hrs 

(in mg)

Nitrite formed 
in 840 hrs 

mg/1

1 Control 848.40
2 100.00 836.90
3 200.00 810.00
4 300.00 58.00 —
5 400.00 212.00
() 500.00 367.00 —

7 600.00 516.00 - -
8 800.00 742.00 —
9 1000.00 962.00

C ontrol =  con ta in ing  no glucose.

D ISC U SSIO N

The resu lts clearly showed th a t  no n itrite  was formed during the first 48 
hours a fte r the  addition  of 5 mg glucose. L a te r a fte r 96 hours th e  ra te  
of n itrite  form ation gradually  increased. W ith  10 mg of glucose a  sim ilar 
result was obtained, and  a f te r  336 hours the am ount of n itrite  formed 
was even more th an  th a t  w ith 5 mg. W ith  different am ounts of glucose 
up to  100 mg it  was found th a t  n itrite  form ation in every  case did take 
place although the tim e lag for the n itrite  form ation to  begin increased 
as the am oun t of added glucose increased.

Thus, the presence of glucose in small concentrations hindered the 
process of n itrite  form ation in the beginning for a certain  period and  during 
th is period the glucose concentration w ent on decreasing. A fter this period, 
when the glucose concentration became negligibly small, the n itrite - 
form ation began and  took place even more vigorously th an  when no glucose 
was added; and  it  can be seen from  the tables th a t during th is period 
there was no glucose presen t in the medium.

In  the absence of organic substances (control) the bac teria  derive energy 
for th e ir grow th and  m etabolism  from  the oxidation of am m onium  salts 
to  n itrite  and  therefore, the n itrite-fo rm ation  takes place from  the very 
beginning. B ut, in the presence of organic substances th ey  preferen
tially  utilize the  organic substances and  derive energy from  the oxidation 
of these substances. Since under this condition, the energy requirem ents 
of the organism  are fulfilled from  organic compounds, it does no t need 
to  oxidise am m onium  salts to  obtain  energy, and  hence the n itrite  
fo rm atio n  does not take place. I t  is only when the organic substances 
have been consum ed th a t the bac te ria  begin to  oxidize the am m onium  
salts to  ob tain  energy needed by them . I t  is quite obvious from  the graph
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Fig. 1. N itr ifica tio n  in th e  presence o f D-glueose

(Fig. 1) th a t the n itrite  form ation goes on increasing in the la te r stages 
in each case. As is clear from  the graphs and from  the tables, the higher 
concentration of n itrite  found in the sam ple containing 5 mg or 10 mg 
of glucose a f te r  288 and  336 hrs as com pared to  the sam ple containing 
no glucose (control) can only be in te rp re ted  on the basis th a t  glucose 
stim ulates the grow th and  m ultiplication of bacteria  to  a larger ex ten t, 
as a resu lt of which the sugar containing culture solution comes to  have 
a larger num ber of bac teria  as com pared to  the sam ple w ith no sugar. 
Consequently, a f te r  the sugar has been consum ed this solution, because 
of the larger num ber of bacteria  p resen t in it, shows a more vigorous 
n itrite  form ation.

Thus, we are led to  conclude th a t glucose is no t toxic or harm ful to 
Nitrosomonas when supplied in sm all am ounts (optim um  am ount).

We also stud ied  nitrification in the presence of larger concentrations 
of If- glucose. I t  is clear from  Table 3, th a t  as the concentration of glucose 
is increased, the n itrite  form ation is no t only delayed b u t is also re tarded . 
W ith  1000 mg of glucose per 82 ml of the medium, the am ount of glucose 
consum ed by  the bac te ria  even a f te r  840 hours is only about 38 mg; w ith 
800 mg of glucose the consum ption is 58 mg, w ith  600 mg of glucose the 
consum ption is 84 mg and  w ith 500 mg the consum ption is 133 mg and  
so on. Thus, i t  can be seen th a t  as the in itial animant of glucose taken  is 
decreased, the ra te  of consum ption of glucose increases and  accordingly 
n itrite  form ation s ta rts  earlier. The ra te  of n itrite  form ation also shows 
an increase w ith  the decreasing am ount of glucose taken  initially. I t  can, 
therefore, be concluded th a t  higher concentrations of glucose are harm ful 
to  the bacteria . However, it has been found by  us as well as by  R uban 
(1956) th a t  the bac teria  are not killed in the presence of higher concentrations
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o f cgucose. I t  is thus clear th a t  in the presence of larger am ounts of 
glu lose, i t  is only the ac tiv ity  of the bac teria  th a t  is affected. This fact, 
too, is no t surprising as o ther living organism s including the higher ones 
need only a  lim ited  am oun t of nu trien ts , and the food m ateria l taken  in 
quan tities  m uch in excess of requirem ents produces ailm ents and  som e
tim es m ay even cause death . I t ,  therefore, seems quite reasonable th a t  
although glucose serves as a food m aterial for Nitrosomonas, if tak en  in 
excessive am ounts it produces harm ful effects and  depresses the  grow th 
and  ac tiv ity  of the organism . K alinenko (1953) showed th a t  the presence 
of organic food m aterials in the culture medium of Nitrosomonas increases 
the  bacterial proteinous mass. This observation too lends strong support 
to  our view th a t simple non-toxic organic food m aterials instead  of causing 
any  toxic effect produce beneficial effect on Nitrosomonas provided  th ey  
are supplied in proper am ounts.

I  have discussed the results ob tained  w ith D-glucose. The results obtained 
with o ther sugars and  w ith m annitol and ta rta ric  acid were sim ilar to  those 
ob tained  in the case of glucose. However, the optim um  am ounts of com 
pounds to  produce enhanced grow th of bac te ria  and  the tim e requ ired  
to  produce higher concentrations of n itrite  m ay vary  w ith d ifferent com 
pounds.

SUMMARY

1. N itrification by Nitrosomonas in the presence of sugars (glucose, 
fructose, m annose, galactose, xylose, arabinose, lactose and  maltose):

-  The sm aller concentration of sugars produces beneficial effects over 
the grow th of Nitrosomonas; th ey  hinder the process of n itrite  form ation 
in the beginning for a certain  period a fte r which the n itrite  form ation 
begins and  takes place even more vigourously th an  when no sugar is 
added. The larger concentration of sugars although re ta rds the process 
of nitrification, yet the bacteria  are not killed.

2. N itrite-form ation by N itrosomonas in the presence of m annitol and  ta rta ric  
acid takes place in the same way as in the presence of sugars.
On the basis of our experim ental results we are led to  conclude th a t 

sugars and  o ther organic m aterials are not toxic or harm ful to  Nitrosomonas 
when supplied in proper am ounts (optim um  am ount). In  the absence of 
organic substances, the bac teria  derive energy for their grow th and  m etab 
olism from  the oxidation of the am m onium  salts to  n itrite . But in the 
presence of organic substances, th ey  preferentially  utilize the organic sub
stances and  derive energy from  the oxidation of these substances. Since 
under th is condition the energy requirem ents of the organism  are fulfilled 
from  organic compounds, it does not need to  oxidise am m onium  salts to 
obtain  energy and  hence the n itrite  form ation stops. I t  is only when the 
organic substances have been consum ed th a t the bac teria  begin to  oxidise 
am m onium  salts for obtaining the energy needed by them . The observed 
increase in n itrite  conten t in the la tte r  stage clearly indicates the enhance
m ent in grow th and activ ity  of the organism  in the presence of organic 
substances.

W hen present in large am ounts, although these substances do stop the 
process of nitrification, yet the bac teria  are not killed. This fact, too is
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n o t unexpected, as o ther living organism s including higher ones need food 
m aterials only in a definite quan tity , and  the food m aterial tak en  in 
quan tities m uch in excess often  produces ailm ents and  som etimes may 
even cause death . I t ,  therefore, seems quite reasonable th a t  although 
sugars and  o ther organic substances undoubted ly  serve as food m aterials 
for Nitrosomonas, yet, if  th ey  are tak en  in excessive am ounts they  produce 
harm ful effects and depress the  grow th and  ac tiv ity  of the organism.
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SOME PROPERTIES OF ENDOGENOUS DISSIMILATORY NITRATE
REDUCTION

É .  T ím á r

RESEARCH IN STITU TE OF SOIL SCIENCE AND AGRICULTURAL CHEM ISTRY OF TH E HUNGARIAN 
ACADEMY OF SCIENCES, BUDAPEST, HUNGARY

The research on the processes due to  the effect of the biological dissim ilatory 
n itra te  reduction — which are harm ful from  an agricultural po in t of view — 
has tw o trends. F irstly , w ith  the investigations of the nitrogen economy 
of the soil, the losses caused by denitrification can be m easured. Secondly, 
by  studying  the microorganisms tak ing  p a r t  in the process, those condi
tions which lim it the biological ac tiv ity  of denitrification can be revealed.

R esearch on the  physiological characteristics of organism s responsible 
for th is process has ind icated  th a t  advantageous environm ental conditions 
for denitrification processes could develop in the rhizospheric zone of the 
p lan t and  especially in the perennial herbaceous p lants. This m ay take 
place because of the low oxygen tension caused by the m etabolic processes 
of the p lan t and  microorganisms living in the  rhizosphere. M oreover, the 
p lan ts excrete com pounds which are very  well utilized by some bacterial 
species, such as in th e ir n itra te-reduction  processes.

N aturally , the characteristics of the d issim ilatory n itra te  reduction 
cannot be observed by investigating the physiological properties alone. 
These processes can be eva lua ted  only in accordance w ith  results from  
biochemical and  synecological research.

The sta rtin g  po in t of our exam ination  was based on the results of W olden- 
dorp (1963). He has shown th a t  am ong the  species having capabilities for 
dissim ilatory n itra te  reduction, and  which can be isolated very  often 
from  the  soil such as Bacillus licheniformis and  Pseudomonas stutzeri, can 
produce gas from  n itra te . The form er produces am m onia, the la tte r  n itrite  
and  N 0 2. He proved also th a t the  biochem ical mode of the dissim ilatory 
n itra te-reduction  was influenced by the quality  of the C-sources and th a t the 
n itra te  and  n itrite-reduction  w ithin one bacterium  species took place in 
the presence of various electron donors in different ways.

W hen we began to  s tu d y  these problem s it appeared  th a t the washed 
cells of the above-m entioned organism s could reduce a significant am ount 
of n itra te  under anaerobic conditions, w ithout the additions of electron 
donors. Considering th a t we could n o t find d a ta  on the  anaerobic endoge
nous n itra te  reduction, we conducted our experim ent in this respect. The 
biochem istry of the dissim ilatory n itra te-reduction  and  the physiological 
characteristics of Pseudomonas aeruginosa as well as its aerobic endogenous 
resp iration  have been widely studied. For th is reason in the  course of our 
investigations, we w anted  to  get d a ta  on this microbe as regards the ch ar
acteristics of anaerobic endogenous n itra te  reduction too.
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EXPERIMENTAL RESULTS

Pseudomonas stutzeri: I t  can be seen from  Fig. 1 th a t  w ashed cells of 
Ps. stutzeri transform  3.5 micromoles/ml n itra te  w ithout adding substra te  
as electron donor. I t  is characteristic for the denitrification processes th a t 
firstly all of the n itra tes  tu rn  in to  n itrite  and  the reduction of n itrite  s ta rts  
only when there  is no n itra te  already in the environm ent. The speed of 
the process is higher in the  n itra te-reduction  phase th an  in subsequent n itrite  
reduction phase. R epea led  investigations po in ted  ou t th a t  the dynam ic 
characteristics for th is process are sim ilar b u t the speed depends on the 
conditions of precultivation .

The curves characteristic for endogenous n itra te-reduction  are ind icated  
in Fig. 1 and  concern those cases when the  am ount of n itra te  is shown 
in zero tim e 7.0 and  10.5 micromoles/ml. In  the  first 50 m inute period as 
a resu lt of increasing the am ount of n itra te , the speed of n itrite  form ation 
is the  same as in the case of the 3.5 micromoles/ml. A fter th a t, though 
more slowly, the am ount of the produced n itrite  increases b u t the re 
duction processes do n o t s ta r t  under th e  experim ental period.

The curves in Fig. 2 dem onstrate the n itra te-reduction  processes on the 
effect of the  successive n itra te  loading. In  th is case, a t  the beginning of 
the experim ent, 3.5 micromoles/ml n itra te  was added  to  9 parallel samples. 
A t the  stage of n itrite  reduction, a f te r  320 m inutes (when 27 — 37 m icro
moles/ml n itrite -n itrogen  was in the sample), ano ther 3.5 micromoles/ml 
n itra te  was added  to  a new series of sam ples (with 3 parallels). In  addition 
besides n itra te , glutam ic acid was added to  a fu rth e r new series of 3 parallel
ия.т п!р.й

0
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Fig. 1. E n d o g en o u s  re sp ira tio n  o f P s. 
stutzeri d u rin g  d en itrifica tion  (2 m g 

cells/m l)
F ig . 2. E ndogenous re sp ira tio n  o f  P s. 
stutzeri u n d er rep ea ted  load ing  w ith  n i t r 

a te  (1.7 m g cells/m l)



I t  can be seen from  Fig. 2, 
th a t  the cells carrying out 
n itrite  reduction — a fte r a 
sho rt sw itch-over period  — 
s ta rted  to  utilize the  n itra te  
again as a resu lt of the  new 
supply of n itra te  independently  
of w hether n itrite  is p resen t in 
the environm ent or not. This 
has been confirmed unequivo
cally by the fact th a t  the n itrite  
rem ained back from  the first 
stage and  the n itra te  supplied 
in the second stage can be de
term ined  in the 550th m inute 
of the experim ent in the  form 
of n itrite . A fter th is tim e the 
am ount of n itrite  decreased.

I t  is likely th a t the reserve 
n u trien ts  accum ulated  in the 
cells during p recultivation  were 
n o t sufficient for the u tili
zation of 7.0 micromoles/ml 
m aterial. I t  has been proved  by the d a ta  obtained  w ith  the sam ple tre a ted  
w ith  glutam ic acid where the supplied n u trien t perm itted  a perfect u tili
zation of a higher dose of n itra te . In  this case too, i t  was experienced th a t 
Ps. stützen prim arily  utilizes n itra te  and  only a f te r  th a t  s ta rts  to  utilize 
the n itrite .

Bacillus licheniformis. As is obvious from  Fig. 3 the endogenous resp i
ra tion  of Вас. licheniformis is sim ilar to  th a t  of Ps. stützen, in the presence 
of n itra te  u nder anaerobic conditions. As a resu lt of this, the 3.5 m icro
moles/ml n itra te  can be detec ted  q u an tita tiv e ly  as n itrite  a t  the end  of 
th e  experim ental period. However the reduction of n itrite  is n o t detectable 
during endogenous respiration. In  o ther experim ents the  consum ption of the 
produced n itrite  was m easurable too in the presence of some electron 
donors, b u t if  the cells were cu ltivated  on these, centrifuged and  washed, 
and  the endogenous resp iration  was exam ined the n itrite  reduction was 
also n o t dem onstrable.

The n itr ite  produced in the course of endogenous respiration in the 
presence of 7.0 micromoles/ml n itra te  is shown on the “ b ” curve of Fig. 3. 
The speed of the  n itrite  form ation was nearly  the  same as in the  case of
3.5 micromoles/ml up to  220 m inutes of the experim ental period.

Pseudomonas aeruginosa. P relim inary  investigations ind icated  th a t the 
Ps. aeruginosa utilizes the n itra te  during endogenous respiration b u t 
n itrite  is n o t produced and  does n o t accum ulate during the  process.

Endogenous respiration in the presence of nitrite.
Pseudomonas stützen: I t  can be seen from  Fig. 4 th a t  Ps. stützen proceeds 

in endogenous resp iration  in the presence of n itrite  as an in itia l m aterial 
too. 3.5 micromoles/ml n itrite  as in itial m ateria l is consum ed from  the 
medium. In  the case of 7.0 micromoles/ml n itrite , the n itrite  reduction

*6.4 p-mole
I

5[-

Fig. 3. E ndogenous re sp ira tio n  o f  B . lichenifor
m is  w ith  N O 3
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Fig. 4. E ndogenous re sp ira tio n  o f  P s. 
Stutzer I u nder rep ea ted  load ing  w ith  n i

t r i te  (1.7 m g cells/m l)

min

Fig. 5. E ndogenou  s re sp ira tio n  c f  P s. 
stutzeri d u rin g  d en itrifica tion  (2.8 

m g cells/m l)

was no t experienced. I f  7.0 micromoles/ml n itrite  is added  periodically 
to  the cells — a t zero tim e 3.5 micromoles/ml and  la te r the same am ount 
again — the whole am ount of n itrite  will be utilized. This indicates th a t
7.0 micromoles/ml inhibits the life functions of cells.

Nitrite reduction of Ps. aeruginosa in the course of endogenous respiration 
was investigated  in the presence of 3.5, 7.0, 14.0, 21.0, micromoles/ml nitrite . 
The results are presen ted  in Fig. 5. I t  can be seen th a t there was no significant 
inhibition in the case of 21 micromoles/ml concentration. The speed of 
the  n itrite  reduction was the same in all n itrite  concentrations applied. 
N itrite  reduction of Вас. licheniformis was no t detectable during endo
genous respiration.

SUMMARY

1. Ps. stutzeri, Ps. aeruginosa, and  Вас. licheniformis utilize n itra te  as 
electron acceptor during the anaerobic endogenous respiration.

2. a) In  the course of anaerobic resp iration  of Ps. aeruginosa n itrite  
accum ulation could no t be detected .

b) In  the case of Ps. stutzeri, the whole q u an tity  of n itra te  entirely  
transform s into n itrite  and  in the nex t stage the accum ulated  n itrite  is 
utilized.

c) The characteristic feature of anaerobic endogenous resp iration  of Вас. 
licheniformis is th a t  n itrite  develops from  n itra te  and  accum ulates in the 
environm ent.

3. N itrite  as electron acceptor can be used by  the two pseudom onads 
b u t n o t by Вас. licheniformis.

4. As a consequence of an increase in the n itra te  concentration in the 
case of Ps. stutzeri the form ation of n itrite  was increased b u t the n itrite
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produced  is only partia lly  utilized. In  the ease of increased doses of n itra te  
the  speed of n itra te  reduction is approxim ately  the same. 7 micromoles 
NO_j-/ml also en tire ly  transform s in to  n itrite .

5. I t  appears from  our experim ents carried ou t w ith increasing quan tities 
of n itrite  th a t  7 micromoles/ml NO,f inhibits the life functions of the cells 
of Ps. stutzeri. The same q u an tity  of n itrite , if periodically supplied is 
com pletely reduced.

6. In  the case of Ps. aeruginosa a lower degree of inhibition is experienced 
only in the  presence of 21 micromoles NO.y/ml. 3.5, 7, 14, 21 micromoles/ml 
decreases in the m edium  and  is subsequently  utilized.
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U T IL IZ A T IO N  OF AMINO ACIDS BY PSEU D O M O NAS S T U T Z  E R I  
U N D E R  AER O B IC  CONDITIONS AND D U R IN G  N ITRA TE

RESPIRATION

T. PÁTKAI
RESEARCH IN ST IT U T E  OF SOIL SCIENCE AND AGRICULTURAL CHEM ISTRY 

OF T H E  HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST, HUNGARY

Investigating  the carbohydrate catabolism  Pseudomonas stützen during 
aerobic and  n itra te  respiration, Spangler and Gilmour found th a t  there 
was no m ajor sh ift in the p a tte rn s  of glycolysis and  pentose-phosphate 
cycle, b u t the am ount of C 0 2 originating from  the C —2, C—3, C — 5, C—6 
atom s of glucose or gluconate increases during the n itra te  respiration to  
th e  disadvantage of the  body-building process. Their observations are in 
agreem ent w ith  E llio t’s (1965) work on oxidative phosphorylation in Ps. 
stutzeri which ind icated  th a t u nder aerobic conditions, 3 molecules of 
A TP m ay be form ed for each oxygen atom  consum ed and  2 molecules of 
ATP per N 0 ^  ion consum ed under conditions of n itra te  respiration. Con
sidering th is evidence to  be applicable, one would expect th a t  a  g rea te r 
recycling of the TCA cycle would be necessary for an equal am ount of 
energy under conditions of n itra te  respiration. The radio-respirom etric 
investigations cited above really  dem onstrated  the increased in tensity  of 
term inal oxidation.

Besides carbohydrates, some am ino acids are the main sources of the 
TCA cycle. F o r th is  reason, it could be supposed th a t there were some 
differences in the m etabolism  of am ino acids during aerobic respiration 
or n itra te  respiration. On the basis of these hypotheses the following 
investigations were done.

M ATERIAL AND METHODS 

Test organism and 7nedia.
Pseudomonas stutzeri N N R L  II— 927 (C C E R —522) was used as a te s t 

organism  in th is study . The stra in  was m ain tained  on p o ta to  infusion 
m edium  which has the following com position; p o ta to  infusion 125 g; NaCl
5.5 g; peptone 10.0 g; glycerol 10.0 ml; agar-agar 15 g; distilled w ater 
to  1000 ml. F o r am ino acid analysis the following medium was used; 0.15 M 
POp-buffer, pH  7.4, 1000 ml. Casamino Acids, V itam in Free (DIFCO) 
0.350%  trace  elem ent solution (Pfennig 1961) 0.01% . In  the case of 
anaerobic trea tm en ts  the  m edium  contained 0.2 g/1 K N 0 3 too.

The m edia were autoclaved a t 15 psi for 10 min. The incubation was 
carried ou t in E rlenm eyer flasks which contained 50 ml of m edia and 
were ae ra ted  in the anaerobic trea tm en ts, or gassed w ith  N 2 (0 2 conten t 
below 30 ppm ) in the anaerobic ones. The sterilization of gases was conducted 
by bubbling them  th rough  a d ilu ted  chromic acid solution. The speed of 
flow checked w ith  ro tam eter, was 20Y 1 1/h in bo th  cases.
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Amino acid analysis

A fter six days’ incubation, the  cultures were centrifuged and  5.0 ml 
sam ples of the  su p ern a tan t were concentrated , th en  heated  to  dryness 
on a  w ater bath . The residue was ex trac ted  w ith 5.0 ml of the following 
buffer: N a-citra te  19.60 g: HC1 cc 16.50 ml; thiodiglycol 20 ml, Brij 35 
(20%) 4.50 ml; octanoic acid 0.1 ml, distilled w ater (boiled) to  1000 ml. 
The slime produced by the Ps. stützen was no t soluble under these condi
tions and  it was rem oved by filtration. A liquots (0.6 ml each) of the  w ater- 
clear ex trac ts  were applied to  the columns of a BioChrom Amino Acid 
A nalyzer which qualita tively  and  q u an tita tiv e ly  analyzed the  am ino 
acid content of th e  sam ples according to  the „B ioR ad Accelerated Low 
Pressure System .”

Determination of growth yields

The cell mass produced in each trea tm en t was m easured by  m eans of 
a Pye U nicam  SP 800 В spectrophotom eter a t 660 nm. A calibration curve 
was done for th is m easurem ent, p lo tting  d ry  m a tte r  con ten t against 
extinction  of concen trated  cell suspension. This was linear from  0.1 to  
1.25 mg dwt/m l.

Chemicals
The chemicals used in th is work were of the best quality  products available 

commercially. Chemicals requ ired  for the am ino acid analysis were supplied 
by B ioR ad L aboratories; the  com ponents of m edia were D ifco’s products.

R E S U L T S  A N D  C O N C LU SIO N S

D a ta  of m easurem ents in a sum m arized form  can be found in Table 1 
from  which a  few more im portan t correlations are easily visible. I t  is most 
essential th a t  the  grow th yield of Ps. stützen decreased by abou t 10% 
under aerobic conditions on the effect of n itra te , and  by carrying ou t 
denitrification the  decrease was more th an  80% . A t the same tim e, on 
a d ry  weight basis, the  u tiliza tion  of am ino acids increased by 25%  and  
200%  respectively. The cation surplus, equivalen t to  the utilized n itra te  
increases the pH  and  as a  consequence of this, the  E H decreases.

As it  was expected, there were changes in the spectra  of u tilization on 
the effect of n itra te . In  these deviations a few more or less com plicated rules 
could fie recognized which will be discussed in order of the different t re a t
m ents.

Aerobic respiration

The evaluation of d a ta  of Table 1 will be facilitated  if the %  partic ipa tion  
of certain  am ino acids in the  given m ixture and  in the  whole utilization 
are considered. The m easured values calculated in th is way give the d a ta
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T able 1
U tilization of am ino acids by P s. stutzeri under different experim ental

conditions

Amino acids Amino acid added, !_ 
micromoles/ml

Amino eid utilized, micromole s/mg dwt.

Aerobic Aerobic + NOT Anaerobic

Asp 1.34 1.69 1.86 3.99
Thre 0.85 0.92 1.18 5.40
Ser 1.11 1.06 1.55 5.06
Glu 2.00 2.48 2.80 11.50
Pro 0.65 0.70 0.98 4.08
Gly 0.79 0.99 m i 2.85
Ala 1.09 1.36 1.54 4.32
CySH 0.0059 0.0072 0.0084 0
Val 1.03 1.21 1.46 0
Met 0.42 0.45 0.59 2.30

0.79 0
2.66 3.20 3.70Leu 1.87 0

Tyr 0.28 0.25 0.39 1.35
Phe 0.22 0.19 0.28 1.00
Lys 1.38 0.69 1.22 2.02
Hys 0.34 0.25 0.47 2.35
Arg 0.45 0.19 0.44 1.69
N HJ 1.26 1.15 1.18 7.05
U ptake (w ithout N H J , micromoles 15.63 19.61 47.92
U ptake (w ithout N H J ). f t  g 2049.5 2561.3 6082.0
Growth yield mg/ml 0.800 0.710 0.145
pH  a t end of incubation 8.06 8.92 9.32
E h a t end of incubation , millivolts +  288 +276 +  212

of Table 2. I t  should be no ted  th a t  the  d a ta  concern the actual am ounts 
of am ino acids because the applied casein hydrolyzate contained — according 
to  the producers com m unication — about 40%  inorganic salts. (According 
to  our m easurem ents the m ain com ponents of th is fraction are the follow
ing; Cl“  22.2% , Na+ 15.15%, K + 1.26%, Ca2+ 0.14% .)

I t  could be established th a t under aerobic conditions, Ps. stutzeri prefers 
some am ino acids from  the po in t of view of utilization. K eeping in m ind 
the to ta l am ount and  the utilization sh ift it was noticeable th a t  there was 
a g rea ter preference for g lu tam ate, asp arta te , leucins, alanine and  glycine. 
In  con trast w ith this, to  a sm aller ex ten t serine, proline, tyrosine, pheny l
alanine and  to  a g rea ter ex ten t the more or less basic hystidine, arginine, 
lysine become more significant as regards utilization. Especially the up take 
of lysin is very  small, if one considers th a t  there is more from  it in the 
given m ixture th an  from  asp arta te , b u t its utilization does no t reach 
th a t  of 50%  of asparta te .

The to ta l am ino acid u tilization on d ry  weight basis was 2.049 mg so 
the  “ incorporation” was 49.8% . This d a ta  agreed w ith the findings of 
Spangler and  Gilm our m entioned in the  in troduction.
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T a b le  2
U tilization of am ino acids by P s. stutzeri under aerobic conditions

Amino acid Added, per cent Utilized, per cent Difference

Asp 8.45 10.08 1.63
Thre 5.35 5.48 0.13
Ser 7.00 6.31 — 0.09
Glu 12.61 14.80 2.19
Pro 4.09 3.69 — 0.40
Gly 4.97 5.90 0.93
Ala 6.86 8.10 1.24
CySH 0.03 0.04 0.01
Val 6.50 6.70 0.20
Met 2.64 2.68 0.04
i-Leu 4.97
Leu 11.80 16.77 19.05 2.28

Tyr 1.76 1.49 -  0.27
Phe 1.38 1.13 -0 .2 5
Lys 8.70 4.11 4.59
H ys 2.14 1.49 — 0.65
Arg 2.85 1.13 — 1.71
XH+ 7.90 6.85 1.05
Altogether 99.99 99.03

Aerobic respiration in the presence of nitrate

This trea tm e n t needs some explanation because the n itra te  respiration 
is an anaerobic process. B u t according to  the results ob tained  so far (Len- 
hoff e t al. 1956) changing from  aerobic respii’ation to  n itra te  respiration 
does n o t occur a t  a defined oxygen tension b u t it happens w ith a continuous 
transition . F or th is reason, it can be supposed, th a t  if the n itra te  respiration 
causes changes a t substra te  level these should be still detectable in the 
m etabolism  of the  respiring cells which are prim arily  aerobic. The m easured 
d a ta  prove th is  theory . F irs t of all, the  small decrease in the  grow th yield 
was perceptible beside the  increased am ino acid transport. The “ incorpo
ra tio n ” decreases to  40.0% . There is an  essential change in the utilization 
spec tra  of the am ino acids. The m ajority  of the am ino acids were taken  
up according to  th e ir ra tios in the given m ixture. The utilization differences 
no ticed  in aerobic conditions were ra th e r fain t. Only the re la tively  low 
level of u p take of phenylalanine, arginine, lysine rem ained characteristic.

Nitrate respiration

The grow th yield of the investigated  strain  decreased to  a g reat ex ten t, 
b u t a t  the same tim e the utilization of am ino acids considerably increased. 
The am ino acid u tilization was 6.082 mg/mg dw t (Table 1), the incorporation 
calculated  from  th is was only 17.3%. This was considerably less th an  th a t 
observed by  Spangler e t  al. (1966) during th e ir investigation on carbo
hydra te  catabolism  of Ps. stutzeri. Insp ite  of this, our d a ta  do not absolutely

298



contrad ict theirs because the au tho r ob tained  the seresults w ith an  other 
strain  and  in substan tially  different experim ental conditions. In  the first 
place, the  im portan t difference in the tim e of incubation (a few hours 
against six days) could cause th is deviation. T aking in to  consideration 
the u tilization of certain am ino acids it can be established th a t their up take 
is n o t in correlation e ither w ith their concentration or th e ir simple physico
chemical p roperties (Table 2). Calculating anaerobic/aerobic quotien ts it 
could be observed th a t  the u tilization of asparagine, glycine, alanine, 
lysine were suppressed to  some ex ten t b u t the up take of hystidine and  
arginine increased above the average level. These changes could be ex 
pressed w ith  the concentration ra tios and  do no t seem to be very  im portan t. 
In  con trast to  this, it is necessary to  note th a t  the  p artic ipa tion  o f glutam ic 
acid in the to ta l utilization was 27.5% , which is obvious com pared to  its 
given quan tity . This is in accordance w ith  the g lutam ate-preference 
observed during the  cultivation of th is strain .

F our am ino acids nam ely valine, leucine, i-leucine and  cysteine were 
n o t utilized by the  strain  under conditions of n itra te  respiration. The 
previous th ree of them  can be m easured back in unchanged form, and 
cysteine which was oxidized to  cystine during processing of sam ples 
could be rem easured q u an tita tiv e ly  too. The ceasing of the  u tilization of 
am ino acids m entioned above could be connected w ith the colony s tru c tu re  
changes of Ps. stutzeri which was already  noticed formerly. F resh  isolates 
form  wrinkled, dry, coherent colonies. N ot long a f te r  the  description of 
the  species, still in the  last cen tury , i t  was K ünem ann  (1898) who 
first rep o rted  the  occurrence of mucoid varian ts. This dissociation w as 
first connected by van  Niel and  Allen (1952) w ith the change in the 
aerobic mode of life or th a t  carrying ou t denitrification. According to 
them , this characteristic colony-structure could be stabilized more or less 
b y  cu ltivating  the  stra in  on n itra te-con tain ing  m edia b u t the  num ber 
of mucoid types would become larger w ith tim e. S tainer e t al. (1966) found 
th a t  one p a r t  of m ucoid varian ts  could regain its original s tru c tu re  if 
th ey  were forced to  carry  out active denitrification for several generations. 
Our own experim ents gave quite sim ilar results, additionally  it was de tec
table th a t the above-m entioned changes could be provoked by  cold shock.

Therefore, on the  effect of harm ful environm ental factors, Ps. stutzeri 
reacts by  changes of cell wall synthesis and  as a  consequence of this w ith 
the change of colony-structure. The a ltered  cell wall could cause differences 
in the u tilization of certain  am ino acids, as it  has been proved by Shockm an 
et al. (1958) as well as o ther au tho rs in connection w ith the sensitiv ity  
to  antibiotics, UV irradiation, osm otic shock etc.

SUMMARY

E arlie r investigations of o ther au thors po in ted  ou t th a t  in Ps. stutzeri 
the recyclisation of the TCA cycle increases during n itra te  respiration 
while the  incorporation from  various 14C-labelled atom s of glucose or 
gluconate considerably decreases. T hey suggested th a t th is was the  result 
of the energetically disadvantageous relations of n itra te  respiration.

Because many amino acids have an important role in the metabolism 
of the TCA substrates, the author investigated the utilization of amino
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acids by Ps. stützen N R R L  В 927, (ССЕВ 522) under aerobic conditions 
and during  n itra te  respiration. The following results were obtained:

In  the case of aerobic conditions the Ps. stutzeri utilizes all am ino acids 
from  the complex m ixture of casein hydrolyzate. G lu tam ate ,a sp a rta te , the 
leucins, alanine were more preferable while the more or less basic amino 
acids nam ely hystidine, arginine, lysine less so. The yield of cellular 
m ateria l — on d ry  w eight basis — was about 50%  of am ino acids utilized.

U n d er aerobic conditions, w ith  added n itra te , the production of cellular 
m ateria l decreased. E ach  am ino acid is utilized according to  the  ra tio  in the 
given m ix ture, except phenylalanine, arginine lysine which seemed to  be 
less preferable.

During nitrate respiration four amino acids were not utilized by this 
strain. (Val, Leu, i-Leu, CySH). The utilization of the remaining highly 
increased to the disadvantage of body-building processes. The uptake of 
amino acids did not correlate with their concentrations or with simple 
physico-chemical properties.

These results are in agreem ent w ith results obtained  by o ther au thors 
from  different aspects.
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REDUCING ABILITY OF WATERS AND SEDIMENTS; AN INDEX 
OF ENERGY CONSUMPTION RATE

J .  O l á h

BIOLOGICAL RESEARCH INSTITUTE OF THE HUNGARIAN ACADEMY OF SCIENCES,
TIHANY, HUNGARY

The first redox m easurem ents were carried ou t in limnology by  K arsinskin 
an d  K uznetsov (1932), and  ever since this first a ttem p t redox po ten tia l 
came in to  the foreground of in te rest (K uznetsov 1935, P ersall and  M or
tim er 1939, H utchinson e t al. 1939, D eevey 1941, Allgeier et al. 1941).

The classical work of M ortim er (1941, 1942) abou t the relationships 
betw een the  m ateria l circulations occurring a t the m ud-w ater interface 
and the  redox condition once again directed the a tten tio n  of researchers to  
the redox processes (ZoBell 1946; Hayes et ah 1958, G orham  1958).

At th is tim e, it has been p o in ted  out by H ayes (1958) th a t in carrying 
ou t redox m easurem ents unexpected  difficulties m ay arise, qu ite  recently  
S tum m  (1967) passed severe criticism  as to  the p racticab ility  of directly  
m easured redox po ten tia l in n a tu ra l, m ixed system s. C ontrary  to  this, a t 
the  sam e tim e B erchard t (1967) and  W agner (1967) s ta ted  th a t  the directly  
m easured redox po ten tia l w ithin a natu ra l, m ixed system  yields valuable 
and  practicable inform ation.

R abo tnova (1957) gave a very  detailed  analysis on the properties of 
the  redox p o ten tia l of biological objects, and  established th a t  it differed 
in m any respects from  the properties of the conception used in chem istry. 
W hitfield (1969) considered the problem s arising in connection w ith  redox 

m easurem ents from  the  point of view of a limnologist, and  in order to 
describe the d istribu tion  of reduced and  oxidized sedim ents he used the 
E H as operational p a ram eter w ith  good efficiency.

Consequently i t  is reasonable and  im p o rtan t to  know and  carry  out 
m easurem ents w ith  regard  to  the m om entary redox s ta te  of w aters and 
sedim ents from  the point of view of limnology. This is supported  bv  the 
continuous increasing num ber of m easurem ents carried out far and  wide 
(D rabkova 1966, R om anenko 1966, M ikhaylenko 1967, P a trick  and  T urner 
1968, W hitfield 1969).

The m om entary  redox s ta te  characterizing the different w aters and 
sedim ents as a concrete ecological factor is a resu lt of the com plicated 
redox processes and  w ith  its m easurem ents we can gain inform ation abou t 
the energy consum ption processes in the n a tu ra l substra te  very  seldom. 
The redox s ta te  of the m ud-w ater interface in a stratified  lake w ith  suitable 
trophic level for instance can give inform ation abou t the energy consum p
tion processes w ithin the lake itself.

W ith  the  m easurem ent of the  m om entary redox s ta te  in the  H ungarian  
shallow and  very extensive lakes we are no t able to  investigate the energy 
consum ption processes and  so we have e laborated  a new m ethod  to  gain 
some inform ation on these processes.

301



MATERIAL AND METHODS

The m easuring vessel (Fig. 1), was a  250 m l glass container of 6.5 cm 
diam eter fitted  w ith a glass or rubber stopper. The m easuring and  reference 
electrodes built in to  the stopper were im m ersed during the analysis 
in to  the liquid to  be m easured. By com pletely excluding oxygen diffusion 
it could n o t solve the problem  of coupling the reference electrode in to  the 
m easuring space w ith  agar bridge or its simplified varie ty  (Kovács and 
M atkovics, 1954).

We incubated  our sam ples a t  25 °C, in the case of the dark  parallels 
the m easuring vessel has been covered w ith  alum inium  sheet. The light 
parallel has been illum inated  by  5000 Lux. The m easuring vessel was 
filled excluding all bubbles and  the sam ples were sa tu ra ted  w ith oxygen 
by  bubbling th rough them  air a t  25 °C before filling up.

D uring our investigations we used electrodes m anufactured  by  R adelkis 
(Electrochem ical In strum en ts, B udapest). The m easuring electrode is a 
sm ooth p la tinum  sheet w ith a surface area of 2 X  0.5 mm. I t  has been 
w ashed before application in chromic acid, followed by  a careful rin s
ing in distilled w ater. The m easuring electrodes were calib rated  by 
ZoBell’s solution (1964). O ur reference electrode was a sa tu ra ted  calomel 
electrode. The m easurem ents were carried out in a Beckm an GS-type 
pH  m eter and  to  the values thus obtained  we added 250 mV an d  so the 
final values were given in E h. W orking w ith  closed system s, the repeated  
m easurem ents could be reproduced w ith  an exactness of ^  10 mV.

Our investigations were carried out with waters and sediments from 
Lake Balaton and Lake Belső (lake of the peninsula Tihany). To determine

Fig. 1. M easuring vessels p rep a red  fo r d a rk  an d  lig h t incuba tion
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the  reducing ab ility  of the  sedi
m ent we placed som e 50 g m oist 
m ud into the m easuring vessel, 
then  a t  25 °C oxygen-satu rated  
lake w ate r was layered  on it.

B y differential filtration using 
Soviet and  Oxoid filters (pore size: 
100 /л, 6 p, 0.5 fx) we were able to  
m easure separately  the role of 
zoo-, phyto- and bacteriop lankton  
in th e  reducing ab ility  of the 
w aters. The oxygen concentration 
during the investigation was d e
term ined  by the W inkler m ethod. 
The microbiological investigations 
were carried out as usual (Oláh 
1970).

RESULTS

Eh mV

Fig. 2. C hanges in  redox  p o te n tia l d u rin g  
d a rk  and  lig h t incu b a tio n , a )  su rface w ate r; 

b )  b o tto n  w a te r from  L ak e  Belső

W hen the lake w ater was incu
b a ted  in light the redox po ten tia l 
w ithin the m easuring vessel re 
m ained unchanged for a long 
period of tim e, or it increased 
(Fig. 2). E ven  during 42-day in 
cubation no decrease in redox 
po ten tia l was observed. W hen the 
same sam ples were incubated  in 
dark  — i.e. excluding pho tosyn
thesis — a fte r a period of tim e the redox potentia I decreased. This phenom 
enon m ay be called the  darkness induced reducing ability  of the  sample. 
The m ain characteristics of the curve ob tained  during incubation in dark: 
1. The tim e of redox po ten tia l fall to  the anaerobic equilibrium ; 2. The 
du ra tion  of the decreasing section; 3. The redox po ten tia l a t  the  anaerobic 
equilibrium .

E xcluding the continuous oxygen supply in the m easuring vessel 
g radually  resu lted  in the to ta l consum ption of oxygen (Fig. 3) which in 
tu rn  sets off fu rth e r processes causing an even more pronounced decrease 
in  redox poten tial. The length  of tim e u n til the  decrease in redox po ten tia l 
se t in (1), consequently  depends prim arily  on the in tensity  of oxygen 
consum ing processes. The significant decrease in redox po ten tia l coincided 
w ith  the com plete disappearance of oxygen, thus, we obtained  d a ta  as 
to  the ra te  of oxygen consum ption by  observing the darkness-induced 
reducing ab ility  an d  fu rtherm ore we m ay obtain  inform ation on the 
biochem ical oxygen dem and of n a tu ra l w aters and  sedim ents. B y knowing 
the oxygen con ten t of an oxygen-satu rated  w ater a t a  given tem peratu re  
and  the volume of the m easuring vessel we can calculate the q u an tity  of 
the  oxygen used during  a given period  of tim e.
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F ig . 3. R e la tio n sh ip  betw een  red o x  p o te n tia l and  oxygen 
co n cen tra tio n  changes d u rin g  in cu b a tio n  o f  L ake Belső

w ate r

The redox po ten tia l however, independently  from  oxygen concentration, 
suffered fu rth e r changes under the influence of several o ther factors. From  
this fact it follows th a t  by  sim ply m easuring the concentration of oxygen 
we do n o t get a p icture true  to  reality  as regards ac tua l redox sta te . In  the 
oxvgen-free period in the s ta te  of equilibrium  the redox po ten tia l (3) at 
any  ra te  depends on the special biological and  chemical com position of 
the sam ple. The length  of the decreasing par t(2) on the curve, on the o ther

Fig. 4. In fluence o f glucose and  d a rk , th e n  o f ligh t in cu 
b a tio n  on th e  reduc ing  ab ility  o f L ake Belső w ate r, a ) 
lake w a te r -\- 2 mg/1 glucose, b) lake w a te r — 20 mg/1 
glucose, c) lake w a te r -|-40 mg/1 glucose, d )  lake w ate r
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F ig . 6. Seasonal changes in  th e  
reducing  ab ility  o f  th e  L ake Belső 

w a te r

hand, depends additionally  on the change in oxygen concentration besides 
the chemical and  biological com position of the sample.

I f  the  sam ple gaining the equilibrial s ta te  characteristic for oxygen-free 
condition, is placed in light (Fig. 4) its redox po ten tia l a tta in s  a  value of 
the corresponding initial s ta te . In  the case of sam ples filtered th rough  
6 ц sieve — w ithout phy top lank ton  — reoxidation, natu ra lly , cannot be 
affected. I t  is in teresting to  observe th a t a fte r adding a 20 and  40 mg/1 
glucose regardless a  slight increase in redox poten tial, the sam ple is 
no t reoxidized. On the o ther hand, using a  low concentration of glucose 
solution the process of reoxidation passes freely.

The complex vertical investigation carried out in Lake Belső (Fig. 5) 
shows the close relationship between the reducing ab ility  and  the living 
organisms. R edox po ten tia l decrease was m easured in the bo ttom  w ater 
on the 3rd day, while in the surface w ater on the 8th  day. The tim e required  
for the decrease in redox po ten tia l from  tlie surface w ater proceeding 
dow nw ard is gradually  shortening by 1 day per m eter. Parallel w ith  this, 
the to ta l q u an tity  of m icrobial p lank ton  gradually  increases tow ards the 
bo ttom  from  2 X  10e/m lto 6  X  106/ml. The num ber of saprophytic organ
isms increased w ith  a sim ilar tendency  from  200/ml to  3800/ml. On the 
contrary , the q u an tity  of phy top lank ton  decreased tow ards the bo ttom , 
In  the surface w ater the reducing ability  is well-high the same down to 
a  d ep th  of some 50 cm, it is probable th a t the sudden decrease in the to ta l 
m icrobial p lankton  at a dep th  of 50 cm is com pensated by  the m axim um  
of p h y top lank ton  existing there.
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The darkness-induced reducing ability  of the w ater from  the  Lake Belső 
displayed m arked changes according to  seasons. The biggest was (4 days) 
on the 30th Ju ly  and  3rd Septem ber, while the sm allest was (9 days) on 
th e  4 th  D ecem ber (Pig. 6).

The vertical exam ination of Lake Belső proved th a t  the  reducing ability  
of w aters and sedim ents was prim arily  determ ined by  the  q u an tity  and  
quality  of living organism s besides the  nu tritiona l sujjply. B y differential 
filtration the effects of individual com ponents could be well separated . 
Significant difference was observed between the reducing ab ility  of the 
filtered and  unfiltered w ater of Lake Belső and  th a t  of Lake B alaton.

The 6 и filtration of the w ater of Lake B alaton (Fig. 7) sh ifted  the 
decrease of the  redox po ten tia l by  a day and  half, an d  the so ob tained  
s ta te  of equilibrium  hardly  showed any  difference from  th a t  of unfiltered 
w ater.

E xam ining the  same in Lake Belső on the 30tli Ju ly  (Fig. 8), the 6 /< 
filtration sh ifted  the decrease of the  redox po ten tial by  th ree days, on the 
o ther hand, the  so acquired s ta te  of equilibrium  was by  300 mV m ore positive 
th an  th a t of the  unfiltered w ater. The separation of zooplankton shifted  
the decrease of the  redox po ten tia l only by one day  and  the  so gained 
s ta te  of equilibrium  hardly  differed from  the previous sta te . Consequently 
in  th e  case of L ake Belső the phy top lank ton  plays an  im p o rtan t role in the 
form ation of redox po ten tia l corresponding to  the oxygen-free equilibrial 
s ta te .

The darkness-induced reducing ab ility  of n a tu ra l w aters and  sedim ents 
m ay be used in studying  the  processes of m ineralization and  by th e ir 
help we were able to  m easure the influence of various m aterials exerted  
on redox poten tial. U nder aerobic condition the m ineralization of organic 
m aterials was proportional w ith  oxygen consum ption. F rom  the q u an tity  
of consum ed oxygen, and  from  the ra te  of consum ption we m ay conclude 
the in tensity  of m ineralization. On the  o ther hand, under anaerobic con
dition the m ineralization products exerting an effect on the redox potential 
was dom inant.

Fig. 7. R educing  ab ility  o f  th e  filtered  an d  unfiltered  
w a te r o f L ake B ala ton

Eh mV
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Fig. 8. R educing  a b ility  o f  th e  filtered  and  unfiltered  

w a te r o f L ake Belső

On giving to  the w ater of L ake B alaton  40 mg/1 glucose, (Fig. 9) we found 
th a t the  length  of tim e requ ired  for the decrease in redox p o ten tia l was 4 
days shorter. Using a 250 ml m easuring flask a t  25 °C w ith a  100% sa tu ra 
tion the  consum ption tim e of 2 mg oxygen decreased to  its  half. We carried 
out the  same experim ent w ith the w ater of Lake Belső, whose tim e req u ire
m ent for the  decrease in redox po ten tia l is sho rter th an  th a t  of Lake 
B alaton. U nder sim ilar conditions w ith  a 40 mg/1 glucose the  length  of tim e 
required  for a  decrease in redox po ten tia l is only one day shorter. Therefore 
by  adding glucose the  requ ired  tim e for a decrease in redox p o ten tia l for the 
w ate r of L ake B alaton  and  L ake Belső becomes balanced. On th e  effect 
of glucose the  redox po ten tia l corresponding to  the equilibrial s ta te  b o th  
in the  cases of L ake B alaton  an d  in the Lake Belső decreases by  nearly  
100 mV. On the 19th A ugust, 1969 in the  case of w ater of L ake Belső 
free of phy to - and  zooplankton the  tim e requ ired  for a decrease in redox

Fig. 9. In fluence o f  glucose on th e  reduc ing  ab ility  
o f L ake B a la to n  w a te r

Eh mV
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po ten tia l lengthened by 2 days com pared to  the unfiltered w ater. Comparing 
it to  the one m easured on the 30th Ju ly  the redox po ten tia l corresponding 
to  the  s ta te  of equilibrium  it became more positive only by 50 mV. This 
clearly indicates th a t  even w ithin a season in a lake the role of individual 
com ponents change in the  form ation of the  reducing ability. W hen we 
cdded  to  the filtered lake w ater of Lake Belső a 40 mg/1 glucose we obtained 
a  resu lt very  sim ilar to  th a t  of the unfiltered  water. Consequently a t  the 
tim e of exam ination the role of bac teria  was decisive in the process. I t  was 
in teresting  to  note, th a t  giving to  the w ater of L ake B alaton and  to  the 
Lake Belső a 2 mg/1 glucose caused a 4 and  1 day  sh ift in the decrease of 
redox poten tial. W hen the same concentration was given to  the  w ater 
filtered  through a 6 /t filter deriving from  Lake Belső the length  of time 
requ ired  to  cause a decrease in redox po ten tia l doubled. Com paring the 
redox po ten tia l corresponding to  the s ta te  of equilibrium  to the control a 
200 mV higher po ten tia l was m easured while the same com pared to  w ater 
to  which a 40 mg/1 glucose was added this value reached 400 mV.

So far we have no explanation  to  the  phenom ena accom panying the 
addition  o f glucose w ith  low concentration.

DISCUSSION

The in tracellu lar rH 2 value depends on the redox s ta te  of m any system s 
ac tiv a ted  by ferm ents and  is unstable. I t  is abou t 20 under aerobic con
ditions and  decreases rapidly  when the  environm ent becomes anaerobic. 
In  the  case of m icroorganisms the relationship betw een the s ta te  of in tra 
cellular redox system s and  the ex ternal environm ent is especially close. 
The hydrogen acceptor for the oxidation of the substra te  is the environ
m ental oxygen. I f  the  oxygen supply is lim ited  a whole series of redox 
system s is reduced by hydrogen and  the reduced substances are accum ulated 
inside and  outside of the cell decreasing the redox p o ten tia l in the environ
m ent (R abotnova 1957).

On the  basis of these it was easy to  understand  th a t  m easuring the 
reducing ab ility  of the m ixed n a tu ra l system s and  their com ponents we 
can get inform ations abou t the  to ta l biological ac tiv ity , more exactly  
abou t the m ineralization of organic substances or the utilization of energy 
included in o ther reduced substances (H 2S, N H ^ , Fe + + ).

W ith  the  m easurem ent of the  reducing ab ility  of w aters and  sedim ents 
we can investigate the  ra te  of the to ta l energy utilization. Besides the 
energy-producing processes th is is the  m ost im p o rtan t possibility for the 
estim ation  of trophic level especially in lakes w ith  allochthon and  bifocal 
organic flux u nder which condition to  m easure the  ra te  of the energy 
p roduction  is very  difficult.

Over the estim ation  of the  trophic level the reducing ab ility  has a 
concrete ecological significance. F rom  its ra te  the possible m om entary  
redox s ta te  of n a tu ra l su b stra te  can be calculated and  this is one of the 
m ost im p o rtan t in tegra tive  properties of w aters (D ussart 1967).

F rom  the hypolim netic oxygen deficit in stratified  lakes S trom  (1931) 
calculated  the p roductiv ity  and  a t the same tim e called the a tten tio n  
to  the lim its of the m ethod. In  oligotrophic lakes the oxygen deficit is too
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small to  classify the lake, on the  o ther hand  in highly eu trophic lakes 
where in w in ter the  oxygen is com pletely consum ed in the hypolim nion 
i t  is impossible to  estim ate the to ta l reducing ab ility  of sedim ent.

M ortim er’s m ethod (1941, 1942) to  estim ate the  trophic level using the 
w inter thickness of the  oxidized microzone is based also on S trom ’s idea. 
M ortim er’s m ethod was criticized by  G orham  (1958).

S trom ’s idea was utilized in H ayes and  M acAulay’s work (1959). To 
indicate the trophic level th ey  used the oxygen consum ption ra te  m easured 
under laborato ry  condition. Their resu lts show the advan tages of the 
laborato ry  m easurem ent in com parison w ith S tro m ’s in vivo m ethod.

The oxygen consum ed during the m ineralization of organic su b s tan 
ces has been determ ined to  assess the  in tensity  of organic m a tte r  tu rnover 
bv the R ussian aquatic  microbiologists, too (K uznetsov an d  R om anenko 
1968).

The largeness of the oxygen consum ption does no t inform  abou t the 
energy consum ing processes under anaerobic condition and so our m ethod 
for the m easurem ent of the to ta l energy consum ption ra te  is more suitable. 
The m easurem ent of the  reducing ability  for the  study  of the ra te  of energy 
consum ption is especially valuable in our shallow, extensive lakes, where 
due to  the constant atm ospheric oxygen supply even a t the m ud-w ater 
interface we are no t able to  get any inform ation about this process w ith  
the m easurem ent of the m om entary  redox potential.

SUMMARY

A simple m ethod was applied for the m easurem ent of the reducing 
ab ility  of the n a tu ra l w aters and  sedim ents. The m ethod is based on the 
redox po ten tia l changes in a closed system  containing the n a tu ra l substrate .

The simple cell for the m easurem ent is a glass vessel of 250 ml with 
p latinum  and  calomel electrodes em bedded in the rubber or glass stopper. 
The redox po ten tia l fall in the system  is induced by  the exclusion of the 
photosynthesis during the dark  incubation and  the oxygen supply from  
the air. A fter reillum inating the sam ple previously se ttled  a t the s ta te  
of the anaerobic redox po ten tia l equilibrium  the redox po ten tial re tu rns 
to  the original value.

The obtained redox po ten tia l curve gives inform ation on the following: 
a) The tim e of the redox po ten tia l fall to  the anaerobic equilibrium ; b)  The 
duration  of the decreasing section; c) The redox po ten tia l in anaerobic 
equilibrium .

The darkness-induced reducing ability  is suitable for the study  of energy
consuming processes tak ing  place in our shallow, extensive lakes.
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INV ESTIGATIONS ON ANA ERO BIC PR O CESSES IN  T H E  
FORM ATION OF SOLONCHAK AND SOLONETZ SOILS

R. V á m o s

D EPARTM ENT OF PLANT PHYSIOLOGY AND M ICROBIOLOGY,
JÓ Z SE F ATTILA U N IV ERSITY , SZEGED, HUNGARY

In  the first p a r t  of A ugust 1955 a large com m ittee stud ied  the root disease 
of rice which appeared  a t  th a t tim e in the H ungarian  paddy  fields. The 
dam age in th a t  year am ounted  to  about a thousand  million forints, and 
was lim ited  to  acidic meadow and  solonetz soils form ed on alluvial deposits 
of the rivers Tisza and  Körös. Root ro t did  n o t occur in the valley of the 
Danube, on the solonchak soils. F igure 1 presents general inform ation 
on the localisation of alkali soils in H ungary  according to  S tefanovits and 
Szűcs (1961). Since there was no difference in the w eather of the two areas, 
the cause of the dam age could be a ttr ib u ted  to  the differences in soil 
p roperties.

The soil of the H ungarian  rice fields is covered w ith w ater during the 
whole of the vegetation period, and  in w ater-covered soils reduction processes 
ta k e  place a t  different intensities and H 2S is found am ong the reduc
tion  products. Certain p lants, including rice, can resist the toxic products 
form ed in the  root zone by m eans of the oxidizing power of the roots. 
This oxidizing power is connected w ith  the  in tensity  of photosynthesis, 
or more correctly, w ith the und istu rbed  life processes of the p lan t (Vámos 
1959, A rm strong 1969).

Investigating  the causes of mass decay of fish, it was found th a t  fish 
decay caused by  H 2S is m ainly lim ited to  ponds and  backw aters on old 
deposits of the  Tisza and  Körös. In  the areas along the D anube, fish decay 
caused by H 2S is n o t know n to occur.

We m ade investigations to  find ou t why the dam age caused by  H 2S 
occurs only on heavy, acidic soils. I t  was found th a t in waterlogged soils, 
there were differences in the decom position of organic m a tte r depending 
on the  m ineral com position of the  soil; the decom position products in 
add ition  to  the d irect physiological effects p lay  a p a r t  in the soil-forming 
processes. T hus investigation of the d irect cause of the dam age became 
identical w ith  elucidation of the soil-forming processes.

M A T E R IA L  A N D  M E T H O D S

Besides meadow soils various solonchak and  solonetz type soils were 
u se d  in model experim ents. C otton was p u t betw een the layers o f these 
soils in order to  ensure by  its fe rm entation  the energy necessary for the 
red u ctio n  processes. Since we w anted  to  assist first of all the form ation 
of H 2S, we ensu red  the  nitrogen supply by adding (N H 4)2S 0 4. The soils
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were provided  w ith  a  2 cm cover of ta p  w ater; then  the dishes were p u t 
in th erm o sta ts  a t 25, 30 and  35 °C. (Fig- 2).

The presence or absence of sulphate-reducing bacteria, and their am ount, 
was determ ined by the simple m ethod described below.

One ml of the w ater to  be exam ined was poured  in to  a sterile te s t tube 
and  12 ml of S ta rkey  agar solution was added. A fte r coagulation of the 
agar 4 — 5 ml of bouillon agar was p u t over it in layers and  th is was la te r 
inoculated  w ith  Serratia marcescens. Serratia , as oxygen consum er, forms 
anaerobic conditions and  provides the  low redox po ten tia l necessary for 
the reduction. Blackening of the S tarkey  agar ind icated  the presence of 
su lfate-reducing bacteria. (Fig. 3).

R E S U L T S

1. In  the experim ents w ith  heavy, acidic meadow and  solonetz soils, 
the soil on bo th  sides of the cotton, and  to  a degree the cotton itself, became 
black in th ree weeks due to  ferrous sulphide. The am ount of sulphide 
was determ ined  calculating for 100 g of soil. (Fig. 4).
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Fig. 3. M ethod for d e te rm in a tio n  o f su l
ph ide  form ed by  su lp h a te  reduc ing  b ac 

te r ia  in m odel exp erim en t
Fig. 4. F errous su lph ide  fo rm ation  in 

w a te r covered acid ic m eadow  soil
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2. In  th e  experim ents w ith  solonchak soils no ferrous sulphide was 
formed; however, the  cotton did tu rn  yellow. The yellow discolouration 
was caused by a  p igm ent produced m ainly by  Clostridium felsineum.

3. In  the  nex t experim ents we spread acid meadow soil under th e  cotton 
layer and  over it solonchak soil from  the valley of the D anube. In  th ree 
weeks a t  30 °C the  upper surface of the cotton becam e orange-yellow, 
while the  lower surface and  the  soil becam e as black as coal.

4. In  the experim ents w ith  solonchak-solonetz soil from  F ehértó  near 
Szeged, no ferrous sulphide was formed. A t 25 °C the cotton was com pletely 
decomposed in abou t 7 weeks w ith  intense gas form ation.

I t  appears from  these resu lts th a t  the unfavourable effect caused by 
H 2S in ponds and  rice fields can only be expected to  occur on heavy acidic 
soils form ed in form er flooding areas of the Tisza and  its tribu taries.

The in tensity  of the reduction processes and  the ra te  of the decom position 
of organic m a tte r in the case of different w ater covers were exam ined in 
fu rth e r investigations. F or th is purpose the to ta l num bers of bac teria  
were com pared in the  cases of 10 cm, 2 cm and  0.5 cm w ater covers. I t  
appeared  from  these tests  th a t  bacterial activ ity , ind icated  by  the  num ber 
of bacteria, was g rea test in the  surface layer of w aterlogged soils or in 
the  case of shallow (5 mm) w ater cover. The oxygen consum ption of the 
microorganisms m ultiplying on the surface of the soil or in very  shallow 
w ater created  an oxygen-deficient environm ent. (Table 1). The richer the

T able 1

Depth of water Number of bacteria (million/ml)
(cm) Meadow soil Soloneha к -sol о n et z 

soil

0.5 130.2 52.2
2 69.4 58.7

10 24.0 17.0

surface layer of the soil in nitrogen, the quicker the anaerobic conditions 
form.

A fter the  disappearance of n itra te , reduction  o f iron and  manganese 
began in consequence of which the am ounts of ferrous and  m anganous 
ions in the m ud solution increased (Bloomfield 1959) (Figs 5, 6). The 
cause o f th is m ay be th a t  the  reducible iron and  m anganese oxides 
ac t as an  acceptor of the electrons produced by  bacterial respiration, and  
so th e  iron and  the m anganese m ay dissolve. Ponnam perum a (1964) m en
tioned  th a t  a large organic m a tte r  con ten t of the  soil, high F e ++ and 
Mn + + concentrations rem ained in the  m ud solution for a longer time 
th an  in a  soil poor in organic m atte r. He also s ta ted  th a t  a f te r  the drying-up 
o f the pond-bottom , the  oxidized iron colours the soil lilac-red. A toxic 
effect o f th e  accum ulating m anganous ions can be expected in over-irrigated 
solonetz-solonchak soils, in acidic meadow soils, solonetz soils and  in o ther 
soils rich in organic m atter, w here th e  am ount of M n+ + ions in the  soil 
solution rem ains for a  long tim e around 40—50 mg/1. According to  our 
experim ents the m anganous abundance has a  significant role in the appear
ance of “dam ping off” disease of seedlings particu la rly  in cloudy w eather.
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Fig. 5. C hanges o f  F e 2+ concen tra tion  in  subm erged m eadow - 
solonetz (1— 2) and  so lonchak-solonetz (3— 4) soils

In  the case of a lower redox poten tial, su lphate reduction s ta rts  in con
sequence of which H 2S and  N aH C 0 3 are form ed ( Bloomfield 1969). Changes 
of S 0 4 and  S am ounts in subm erged m eadow-solonetz and  solonchak- 
solonetz soils are shown in Fig. 7.

The H 2S reacts w ith  the Fe + + ions form ed in heavy, acidic soils and  
FeS accum ulates (Bloomfield 1969). This does not, however, take  place 
in the case of limy, sodic soils. There were m uch fewer F e + + ions and 
m uch less ferrous sulphide formed. On cooling and  decrease of the air

Fig. 6. C hanges o f Mn2+ co n cen tra tio n  in  subm erged  
m eadow -solonetz soils (1— 2) and  solonchak-solonetz 

soils (3— 4)
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pressure, hydrogen sulphide 
was liberated  from  the ferrous 
sulphide accum ulated  in the 
m ud of acidic soils. The sim 
plified equation for sulphide 
oxidation, consisting of several 
steps (S tarkey 1966), m ay be 
w ritten  as follows:

2 S - -  + 3 0 2+ 2 H 20  =  2H 2S 0 4

The released hydrogen sulphide 
causes the dam age in the rice 
fields and  fish ponds (Vámos 
1964, 1968).

W hen the surface dries the 
high salt con ten t hinders the 
decom position of organic m a t
ter, and  the pressure of C 0 2 
decreases. Sodium carbonate 
crystallizes on the drying su r
face b u t only where there is 
lime, for the lime neutralizes 
the sulphuric acid form ed by 
the oxidation of sulphide and 
prevents the crystallized soda 
from  changing back into 
G lauber’s salt. However, the 
sulphuric acid plays a p a r t in 

leaching the surface layer of the lime-free soil and  in forming the solonetz 
soil profile.

W ith the help of te s t m icroorganisms we ascertained th a t the yellow 
p igm ent and  o ther products of the C lostridia have no inhibiting effect on 
the common aerobic bacteria.

On the o ther hand, from  vegetable m a tte r  decomposing under anaerobic 
conditions, com pounds m ay form which inh ib it the anaerobic processes.

C ertain peats, such as some in N orth  Europe, inhibit even the su lphate 
reduction itself. We found th a t such peat placed in S ta rk ey ’s liquid culture 
medium  hindered the sulphate reduction com pletely. Since H 2S could 
n o t be dem onstra ted  even in traces, it  is obvious th a t there is an inhibiting 
com pound in peat. This compound, however, has no inhibiting  effect on 
aerobic bacteria. I f  the p ea t is exposed to  air and  light, it quickly loses 
its antib io tic effect.

This finding of ours explains the preservation of hum an corpses found 
in N orth  E uropean  p ea t bogs. W hen a corpse fell into the bog, it im m ediately 
sank under the redox level and  so there was no activ ity  of aerobic bacteria. 
In  addition, the agent of the  jteat h indered anaerobic decomposition. For 
exam ple, one corpse was preserved for thousands of years w ith  a  rope 
round the wrists and  w ith  undigested parts of the last meal in its stom 
ach.

Fig. 7. C hanges o f  S 0 4~ an d  S a m o u n ts  in 
1) subm erged  m eadow -so lonetz  and  2) solon- 
chak-so lonetz  soils. R2~ : m g/100 g soil; SO ,-- : 

m g /1000 m l w a te r
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DISCUSSION

In  1839, Iriny i s ta ted  th a t the  form ation of soda is connected w ith 
the decomposition of organic m a tte r because soda cannot be form ed 
inorganically in natu re . M uraközy (1902) was the first to  recognize the 
im portance of the biological processes tak ing  place in stag n an t w aters 
in the form ation of alkali soils. In  connection w ith  the investigation of 
the processes of alkali soil developm ent, T reitz (1923) suggested the study  
of the cycle of organogenic elem ents as an  im p o rtan t task , and  he was 
the  first to  assert the possibility of soda form ation through bacterial su lphate 
reduction. ’Sigmond (1922) s ta ted  th a t an  arid  clim ate, a periodic w ater 
cover and  a w ater im perm eable layer in the  soil are the factors of alkali
sation. W ithou t these factors, there  would have been no developm ent of 
anaerobic and  aerobic conditions w ith  redox processes resulting in an 
alkali soil profile. In  the reducing process a weak acid (H 2S) and  a  strong 
base (NaOH) are produced. In  oxidation, however, a strong acid (H.,SO,) 
and  a weak base (FeO —OH) are formed. According to  the predom inance 
of these processes alkaline (solonchak) and  acidic (solonetz) types of alkali 
soils m ay develop. The m ost im p o rtan t factor in th is developm ent — as 
we have seen — is the presence or absence of lime.

In  w ater-covered limy soil less ferrous iron and  less FeS form. Some 
of the H 2S escapes into the atm osphere. In  addition the lime p ro tects 
the soda and  thus the  sulphuric acid form ed under aerobic conditions 
cannot be reconverted  to  N a2S 0 4. Therefore during the course of tim e 
the am ount of soda th roughou t the whole profile increases and  crystallizes 
on the soil surface. This is the essence of the form ation of solonchak soil.

On the  o ther hand, in acidic soils m uch 11 .,8 accum ulates m ostly in the 
form  of FeS, and  la ter, during desiccation, under aerobic conditions it is 
oxidized to  sulphuric acid and  transform s the carbonates in to  sulphates. 
The same process w eathers the m inerals of the environm ent and  carries 
the dissolved salts in to  deeper layers. This is the essence of the developm ent 
o f solonetz type soils.

The roo t ro t of rice p lan t indicates those sites where the form ation of a 
solonetz profile occurs strongly. There is therefore no genetical relationship 
between the two types of alkali soils.

SUM M ARY

Alkalization takes place in w et and  d ry  periods and  is a resu lt of m icro
biological and  abiotic transform ation  of organogenic elem ents, m ostly of 
sulphur, nitrogen, and  carbon. The preconditions of these transform ations 
are the factors described by ’Sigmond: arid  clim ate, periodical w a te r
logging and  a w ater-im perm eable layer. These factors involve the reduction 
and  oxidation processes which are responsible for the forming of charac
teristic  profiles of alkali soils depending on w hether the swam p does or 
does n o t contain  lime. From  the former, solonchak and  from  the la tte r  
solonetz soils are formed. There is no genetical relationship between the 
form er an d  the la tte r  groups.
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SOME R ESU LTS OF T H E  F IE L D  E X P E R IM E N T  “E T E R N A L  RYE 
CULTIVATION” IN  H A LL E (GDR) A FT E R  90 Y E A R S ’ 

E X PE R IM E N T A T IO N

G .  K o l b e

DEPARTM ENT OF PLANT PRODUCTION, M. L U T H ER  U N IV ERSITY , H A L L E -W IT T E N B E R G , GDR

The single crop farm ing and  fertilizing experim ent “E te rn a l rye cu lti
v a tio n ” in Halle is one of the oldest and  best-know n experim ents in the 
world. I t  was com m enced in 1878 by  Ju lius K ühn, founder of the agri
cu ltura l sciences a t the U niversity  in Halle and  was continued from  this 
date  in its original lay-out and  in tended  purpose unchanged in principle.

W ith  regard  to  the  in tended  purpose, K ü h n  (1901) w rote th a t  by  uniform  
trea tm e n t over a long period insight should be gained w ith  regard  to  the 
efficiency o f the different fertilizers on soil and  p lan t. In  th is connection 
i t  is of special in te rest to  com pare the results obtained w ith  farm yard  
m anure w ith  th a t  of an exclusive application of mineral fertilizers; fu r th e r
more, to  determ ine the  consequences of the  omission of the supply of 
n u tritive  substances.

The results of this experim ent, ob tained  h itherto , are available in a 
series of publications. Special m ention should be made of those by  K ühn  
(1901), Roe m er and  Ilile (1925), Scheffer (1931a, 1931b), Schmalfuss (1950, 
1961), M erker (1956), as well as Kolbe and  Stum pe (1969), who were 
responsible for the experim ent a t  times.

The experim ent is conducted w ith  w in ter rye as te s t p lan t on a diluvial 
loam  sand soil, (similar to  the black earth). The experim ental area comprises 
6 plots of 290 m2 each (1878—1961 =  1000 m2) which have been yearly  
fertilized since the s ta r t  of the experim ent, as shown in Table 1.

T able 1
P lan oj manuring ( annual quantity of fertilizers kg/ha)

Plot
Farmyard

manure N P(P„05) K(Kz0)

Farm yard manure (Stj) 12 000 _ _
PK — 24 (40) 75 (90)
NPK — — 24 (40) 75 (90)
N — 40 — —

W ithout fertilizer (U) — — — —

Farm yard manure (Stjj)* 8 000

* =  L aid  o u t in  1893, from  1953 w ith o u t m anuring .
T ype o f  fertilizer: N  as am m on ium  su lp h a te  and  lim e am m on ium  n itra te . 
К  as K a in ite .
P  as T hom as p h ospha te .
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Fig. 1. “ E te rn a l ry e -cu ltiv a tio n ” , H alle . E x p e rim en ta l lay -o u t

The original experim ental area of “E te rn a l rye cu ltivation” was in 
1962 divided in to  3 sections (А, Б , C) by  reason of increasing invasion 
by  the  weed Equisetum urvense. The w in ter rye single crop farm ing is 
now lim ited to  section C (Fig. 1). No m odifications were m ade in the 
fertilizing system  in all sections, they  are still applied in the original m anner 
and  q uan tity .

E X P E R IM E N T A L  R E S U L T S
a) Yields

In  Table 2 the to ta l yield of the w in ter rye single crop farm ing is shown 
for the  experim ental period  from  1879 to  1968.

The to ta l yields ob tained  on bo th  the  fa rm y ard  m anure p lo t and  the 
N P K  plot are the  same. The nitrogen (about 60 kg/lia), annually  supplied 
by the added organic m anure, seems to  have been utilized by the p lan ts 
to  an ex ten t of about 60% , since the N -supply in form of fertilizers on the 
N P K  p lo t was abou t 40 kg/ha. This is also evidenced by  the nitrogen 
balance sheets of this experim ent. The low yields of the P K , N  and U 
plots indicated  an increasing depletion of m ineral substances in the soil. 
Soil investigations verified these results as well.

The tren d  of the  yields on the individual plots, divided into experim ental 
periods of 15 years each, explains the to ta l yields more distinctly . As 
evidenced in Fig. 2 only the fa rm yard  m anure was able to  keep the in itia l yield
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T ab le  2
Total yields (d ry  substance) 1879— 196S

Plot Rye Rel.
t/ha Straw Rel.

t/ha Total Rel.
t/ha

St, 1 9 9 .4 100 3 7 6 .4 100 5 7 5 .8 100

PK 1 2 8 .8 6 4 .6 2 6 4 .9 7 0 .4 3 9 3 .7 6 8 .4
N P K 1 9 4 .4 9 7 .5 3 8 6 .7 1 0 2 .7 581.1 100 .9
N 155.1 7 7 .8 2 9 0 .7 77 .2 4 4 5 .8 77 .4
U 1 0 8 .6 5 4 .5 2 0 4 .4 5 4 .3 3 1 3 .0 5 4 .4

level approxim ately. On all the o ther plots, there is a decrease in produc
tiv ity , to  a higher or lesser degree, in the first experim ental period which 
in the  last period ad justs itself to  a certain  level, according to  the special 
supply  of n u tritive  m atter. In  the  long run  N P K  fertilizing is no t able 
to  keep the yield level of the fa rm yard  m anure plot, though a t the beginning 
it shows a certain  superiority  over the m anured  plot. The reason for this 
m ay be the organic substances and  m inerals (Ca, nu tritious trace elements) 
which are additionally  supplied to  the soil w ith  the farm yard  m anure.

The decrease of p roductiv ity  in the period from  1954 to  1968, com pared 
to  th a t  from  1878 to  1893, w ith  reference to  the d ry  m atte r to ta l yields 
on th e  individual plots, is as follows:

4.6%
=  20.8 %
=  16.7%
=  37.5%
— 48.3%

The cultivation of po tatoes prior to  w inter rye, perform ed on the experi
m ental area in section В from 1962, resu lted  in a d istinct increase of the

St, plot 
P K  „ 
N PK  „ 
N  
U

U ha

St, PK NPK N U
1 period of ™ period of —, period of _  period of period of _
experiment (Л experiment ^  experiment «3 experiment ■:\ experiment H

u  1879-1893 ы  1897-1908 -> 1909-1923 23 1924-1938 и  1939-1953 ■

period of 
experiment 
1954-1968 

(the years 1959 ana 
1960 excluded )

F ig . 2. A nnual to ta l  yields (d ry  m a tte r )  in  average  o f 15 y e a rs ’ periods
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т/ha

rye yields, com pared w ith  the single-crop farm ing (Fig- 3). Since the 
po tatoes received the  sam e fertilization as the w in ter rye, the effect of 
the preceding crop is quite obvious. The relative high yield produced 
on the  N P K  plot, which in the average of the 3 experim ental years te s ted  
produced yields 10%  higher th an  those of the St, plot, had  no t been 
expected  and  are n o t explainable by the  p resen t variations of hum us and  
N  con ten t of the soil. A sim ilar differentiation shows the  p o ta to  yields, 
however, not listed  here.

b) C  a n d  N  c o n te n t  o f  th e  s o i l

An im p o rtan t criterion of the  fertility  of soil is its  hum us and  nitrogen 
content. Table 3 shows the  changes of these characteristics, the individual 
p lo ts during the experim ental period.

These values show the  con ten t of hum us, com pared to  the  in itia l s ta te  
especially in the fa rm yard  m anure plot. The increase in C content, ascer
tained  in the p lo ts tre a ted  w ith  m ineral fertilizers in the last decade, is 
possibly caused by the influence of flue-dust of the location.

The changes ob tained  by  the individual cultivation m easures (i.e., m anur
ing), give evidence of a certain  adap ta tion  of the hum us level. This is obvious 
above all on the  fa rm yard  m anure plot. The highest increase of C conten t 
( =  0.40% ), seen to  be the  experim ental decades 1 — 5 while during the 
decades 6 — 9 the  increase is only 0.17%  C, a resu lt which tak ing  into 
condideration the  possible influence of flue-dust m ight have been smaller. 
A balance sheet of the fa rm yard  m anure p lo t em phasizes th is s ta tem en t 
still more (See Table 4).
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T able 3
О content ( % ) ,  N  content (m g/100 g so il), and C /N  ratio on the top soil 

(  0— 20 cm )  of the w inter rye single-crop farm ing  experim ent

Manuring 1878 1929 1958—1967*

St, c 1.24 1.64 1.81
N — 109 128
C/N 15.0 14.1

PK  c 1.24 1.17 1.34
N 76 80
C/N 15.4 16.8

N PK  C 1.24 1.24 1.37
N — 80 86
C/N — 15.5 15.9

N C 1.24 1.23 1.33
N — 74 81
C/N — 16.6 16.4

u c 1.24 1.15 1.21
N — 71 73
C/N — 16.2 16.6

* =  A verage  o f  sam ples o f  6 years.

T able  4
G balance sheet of the farm yard m anure plot

1878 =  1.24% C (=  37.2 t/ha)
1929 =  1.64% C (=  49.2 t/ha)
1958-67  =  1.81% C (=  54.3 t/ha)
Increase in C in the soil =  0.57% (=  17.1 t/ha)
Farm yard m anure, t/ha  =  1080 t  (=  108 t Cjha)
(1878 — 1967)

from it mineralized in % = 8 0
(1878 — 1929)

from it enriched in % = 2 0
(1878 — 1929)

from it mineralized in % =  89.4
(1929 — 1967)

from it mineralized in % =  10.6

SUM M ARY

Some im portan t experim ental results (yield, C and  N  con ten t of the 
soil) of the single-crop farm ing and  fertilizing experim ent “ E te rn a l rye 
cu ltivation” are presented. On account of its long run, the experim ent 
gives insight into the effect of selected m easures of m anuring on soil and 
plan t.
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E F FE C T  OF R H IZ O S P H E R IC  M ICROORGANISMS ON T H E  GROW TH  
AND D EVELOPM EN T OF P A P R IK A  PLANTS

1. N a g y

RESEARCH IN ST IT U T E OF H O RTICU LTURE, BUDAPEST, HUNGARY

Sytnp. Bioi. H uny. 11, pp. 325— 328 (1!)72)

In  the course of crop production we have to  consider — from  the  view 
of p lan t nu trition  — the ac tiv ity  of microorganisms living in the soil. 
The biological processes in the  soil are affected by the close association 
between different microorganisms and  higher p lants.

Beside the  nu trien ts  which are available to  p lants, the rhizospheric 
microorganisms affect p lan t grow th and  developm ent th rough their m eta
bolic products. This is justified by  those experim ents where p lan ts were 
grown under sterile conditions: P a n to s (1956, 1961), Rem pe (1961), K rassil- 
nikov (1962), Szegi (1967).

The im portance of the physiological processes and  products of soil 
m icroorganisms from  the  po in t of view of p lan t nu tritio n  is strengthened  
by  the results ob tained  so far. During the last years a num ber of im portan t 
experim ental d a ta  have accum ulated in this problem  R a tn e r (1963) Krassil- 
nikov (1954), P an tos (1961), H o rv á th  (1970).

The m ost im p o rtan t question is to  study  the connection betw een soil 
microflora and  soil fertility . Care m ust be tak en  to  investigate in detail 
the biochemical changes and  a t  the same tim e to  keep in m ind th a t the 
final resu lt ought to  be have the highest and  best quality  yield th rough  
the com plicated processes of p lan t nu trition .

M A T E R IA L  A N D  M E T H O D S

Our aim  was to  study  the effects of rhizospheric microorganisms — using 
them  as inocula — on the grow th and  yield of paprika p lan ts. The experi
m ent was se t up in the S tation of B udatétény  of the H orticu ltu ra l R esearch 
In s titu te  in an MZG type glasshouse w ith pap rik a  p lan t varie ty : Cecei 
12 C/D. The benches in the  glasshouse were divided into p lo ts w ith  wooden 
panels and  plastic m aterial (Fig. 1). The soil layer was 20 — 25 cm deep. 
There were 4 replicates and  6 trea tm en ts. The plots 1.7 m2 surface area 
arranged in random  blocks. The p lan ts were tran sp lan ted  one by  one 
and  were 15 cm ap a rt in the row. The tw in row distance was 40 20 cm.
The following trea tm en ts  were applied, in which 28 pap rika  p lan ts were 
tran sp lan ted  in each plot.

a)  Inoculation w ith  m ixed culture of bacteria  isolated from  rhizoplane 
and  rhizosphere. Soil sterilized by steam .

b)  Inoculation w ith  mixed culture of bac teria  and  actinom ycètes isolated 
from  rhizosphere. Soil sterilized by steam .
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c)  Inoculation with mixed culture of bacteria and actinomycètes isolated 
from rhizoplane and rhizosphere. Soil sterilized by steam.

d )  Inoculation with mixed culture of bacteria and actinomycètes isolated 
from rhizoplane and rhizosphere. Non-sterilized soil.

e )  Non-sterilized (natural) soil.
f )  Soil sterilized by steam.
The plants in the course of transplantation were inoculated with micro

organisms. The evaluation was done bv variance analvsis.

R E S U L T S

A t the end of two y ea rs’ experim entation the results show th a t soil 
sterilization and  the use of rhizospheric microorganisms as inocula, were 
very  effective on the grow th of pap rika  p lan ts  and  a t the  sam e tim e their 
yielding ability  rose. The p lan ts  in sterilized soil kep t their green colour 
till the end of th e  growing season, b u t in non-sterilized soils, they  
s ta rted  to  change in colour from  green to  yellow and decreased in grow th 
even if they  had  th e  same inocula (Figs 2 and 3). Taking the yields into 
consideration we found th a t the results were different according to  t re a t
m ents. The highest yield was obtained when the p lan ts  were grown in 
steam -sterilized soil inoculated w ith a m ixed culture of rhizospheric 
b ac te ria  and  actinom ycètes. As it  is represented by the d a ta  of Table 1,

T able 1
Crop yield of Cecei C /D  k in d  of pa p rika

Treatments
Green crop kg/1.7 in2

1968 1969

1 37.69 24.38
2 37.34 27.58
3 38.64 28.22
4 30.6,8 23.44
5 24.24 20.57
в 36.31 26.63

p lan ts  yielded the best results in trea tm en t №  3 (inoculation w ith m ixed 
culture of bac teria  and  actinom ycètes isolated from  rhizoplane and  rhizos
phere — soil sterilized by  steam ). The trea tm en ts  №  1, 2, 3 (inoculation-f- 
soil sterilization) gave higher crop th an  th a t of № 4, which represented 
inoculated non-sterilized. The unpublished results of the  th ird  year gave 
sim ilar results.

In  the  growing season we made observations on the crop, as regards 
p lan t p ro tection too. We ascertained th a t on sterilized soil, the p lan ts 
were free from  v iral and  fungal diseases and  the soil was free from  weeds 
too. In  the unsterilized plots some TMV infected p lan ts  were found.

On the basis of the above results there was a positive effect due to the 
treatments on yield (quantity and quality) and average fruit weight.
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F ig . 1. P lo t a rran g em en ts  on  benches

F ig . 2. D ifferences in  developm en t betw een  p a p rik a  p la n ts  grow n in  steam -sterilized  
and  unsterilized  soil, inocu la ted  w ith  m icroorgan ism s
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Fig. 3. D ifferences in  deve lopm en t and  co lour betw een p a p rik a  p la n ts  grow n in steam - 
sterilized  an d  unsterilized  soil inocu la ted  w ith  m icroorgan ism s

The values were justified by  the significant differences. I t  should be 
rem arked  th a t  to  achieve high and  the best quality  yields, the cooperation 
am ong scientific researchers in microbiology, and biochem istry as well as 
special growers is necessary.

SUM M ARY

. F rom  the results it  is obvious th a t  the steam -sterilized soil inoculated 
w ith rhizospheric microorganisms proved to  have a yield-increasing effect. 
P ap rik a  p lan ts grown in unsterilized soil also gave higher yields afte r 
th ey  were inoculated w ith  rhizospheric microorganisms. The highest yield 
vjas obtained when the p lan ts were grown in steam -sterilized soil and 
inoculated w ith  a m ixture of culture rhizospheric bac teria  and  actinom ycètes.
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THE ROLE OF PHYLLOPLANE FUNGI IN THE EARLY 
COLONISATION OF LEAVES

G. J. F. P u g h , N. G. B u c k ley  a n d  J. Mu l d e r

D EPARTM ENT OF BOTANY, UNIV ERSITY  OF NOTTINGHAM , U. K.

Sym p. Biol. Hung. 11, pp. 329—333 (1972)

Leaves become colonised by fungi alm ost from  the first opening of the bud. 
The early  colonists are to  be found on the  leaf surfaces, and  the  te rm  “phyl- 
losphere fungi” was coined by L as t ( 1955) and  R uinen (1956) to  describe these 
organisms. K erling (1958) suggested th a t  “phylloplane” should be used 
when referring to  the  fungi on the leaf surface. This would be consistent 
w ith  the  use of the term  rhizoplane for roo t surface organisms.

L eaf surface fungi have been recognised for a very  long tim e: in 1866, 
de Вагу described Dematium pullulons as a fungus com m only occurring on 
the surface of p lants, while in 1887, he referred  to  work by Z opf on “ the 
soot dew which is found in the form  of black fuliginous coatings covering 
p arts  of living p lan ts” (p. 249), and  to  P a s te u r’s s ta tem en t abou t “ brown- 
walled cells which are found on succulent fru its” (p. 271). However, these 
fungi have only come in for close scrutiny relatively  recently, and  even in 
1961, R uinen  could re fer to  this h ab ita t as a “neglected m ilieu” .

The m ost frequently  reported  fungi on the  surfaces of deciduous leaves 
in tem perate  clim ates include the yeasts and  a com paratively lim ited  range 
of Denteromycetes, some of which are the im perfect s ta tes  of Ascomycet.es 
whose perfect sta tes m ay develop a t a la te r stage in the decomposition of 
the leaf. Am ongst the filam entous Deuteromycetes, the  m ost frequently  
encountered fungi include Alternaria tenuis, Aureobasidium pullulons 
( =  Pullularia =  Dematium), Botrytis cinerea, Cladosporium herbarum and  
Epicoccum nigrum. The incidence of these and  other fungi on leaves has 
been com prehensively reviewed by L ast and  D eighton (1965).

M A T E R IA L  A N D  M ETH O D S

Leaves of Acer pseudoplatanus L. and  of Typha latifolia L. were regularly  
collected. Discs were cu t from  the leaves and  were washed in 30 changes of 
sterile w ater to  rem ove loosely adhering propagules. Aliquots of w ater 
were p la ted  ou t a f te r  each washing to  determ ine the po in t a t  which no 
fu rth e r propagules were being rem oved, following the technique of H arley  
and  W aid  (1955). The leaf discs were then  dried  between sheets o f sterile 
filter paper, and  p la ted  ou t on each of two media, p o ta to  dextrose agar 
(P.D.Â.) and  cellulose agar (C.A.) which was p repared  as described by  Pugh 
and  Eggins (1962). The plates were incubated  at e ither 10 °C or 25 °C with 
25 leaf discs on each m edium  a t each tem perature.
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RESULTS

1. Effect of T em perature and  Isolation M edium
The m ost commonly isolated  fungi are listed  in Table 1, together w ith  

their frequency of occurrence, which is expressed bo th  as the  percentage 
of leaf discs which yielded the fungi, and  as the level of occurrence of the 
fungi w ithin the  to ta l num ber of isolation.

W hen considering the tem p era tu re  relationships of the individual fungi, 
it can be seen th a t  Alternaria and  Aureobasidium  were bo th  more frequently  
isolated a t  25 °C th an  a t 10 °C. This was especially noticeable on Acer. Botrytis 
was alm ost equally  ab u n d an t a t  bo th  tem peratu res, while Cladosporium 
an d  Epicoccum were isolated  more often a t  10 °C th an  a t  25 °C. These p a tte rn s  
of isolation occurred on b o th  host p lants. The effect of tem peratu re  was 
also im p o rtan t in the relative im portance of these fungi when their abundance 
is expressed as a percentage of the to ta l num ber of fungal isolations. Thus, 
Alternaria and  Aureobasidium  n o t only occurred on more leaf discs a t  25 °C, 
th e ir p roportion  of the to ta l mycoflora also increased. The o ther fungi 
form ed a larger proportion  of the to ta l a t  10 °C.

T able 1
The occurrence of phylloplane fu n g i on Acer and T yp h a  leaf discs 

incubated on two m edia and at different temperatures

Incubation temperature 
medium

10 °0 25 ° c

C. A. P. D. A. c . 4.. P. D. A.

%
discs

Of/0
isol.

0//0
discs

0//0
isol.

%
discs

%
isol.

%
discs

0//0
isol.

1. ACER
Alternaria tenuis 4 .2 2 .1 0 .3 0.1 24.1 9 .7 4 .7 1.6
A  ureobasidium

pullulans — — 4 1 .6 16 .9 — — 9 5 .0 32.1

Botrytis cinerea 11.4 5 .7 8 .3 3 .9 11 .9 4 .8 7 .5 2 .5

Cladosporium
herbarum 8 9 .8 4 5 .4 9 7 .3 3 9 .5 75 .0 30 .2 7 7 .5 26.1

Epicoccum nipru?n 4 0 .3 2 0 .2 4 9 .6 2 0 .2 3 6 .3 14 .6 4 1 .6 14 .0
T o ta l nu m b er o f discs 280 3 00 360 360

T o ta l nu m b er o f iso-
lations 56 0 739 894 1070

II . T Y P H A
Alternaria tenuis 9 .5 3 .4 3.8 1.3 9 .0 3.6 15 .2 5 .0

A  ureobasidium
pullulans — 36.1 12.6 4 0 .9 13 .6

Botrytis cinerea 6 .6 2 .4 11.9 4 .2 7.1 2.8 11 .9 4 .0

Cladosporium herbarum 6 8 .5 2 4 .7 6 6 .6 2 3 .2 57 .1 2 2 .7 6 1 .4 2 0 .0

Epicoccum nigrum 8 2 .3 2 9 .7 6 4 .7 2 2 .5 6 6 .6 2 6 .5 6 4 .7 2 1 .5

T ota l n u m b er o f discs 210 21 0 21 0 210

T ota l nu m b er o f isola-
tions 581 602 528 632
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The effect of the type of medium  on the frequency of isolation was most 
noticeable for Aureobasidium, which was n o t recorded on C. A., although 
it  was ab u n d an t on the  discs which had been p la ted  out on P. 1). A. Cla
dosporium, which occurred frequen tly  on bo th  media, was som ew hat more 
often  recorded on P. 1). A. The o ther species all tended  to  be more frequently  
recorded on C. A. Aureobasidium  and  Cladosporium were re la tively  more 
common on Acer, while Epicoccum was isolated more frequently  from  leaves 
o f Typha.

The isolations recorded in Table 1 were m ade m ainly during the au tum n  
and  w in ter m onths, when the am bient tem peratu res generally were low. The 
more frequen t isolation of species a t the lower incubation tem peratu re  m ay 
reflect some change in th e ir com petitive s ta tu s  a t  10 °C, while Alternaria and  
A ureobasidium are favoured a t  25 °C. All of these phylloplane fungi have 
been shown to  be able to  survive and  grow a t low tem peratu res: some of 
the records are listed  in Table 2. I t  would be very  in teresting to  s tudy  
fu rth e r the in ter-relationships of these fungi a t different tem peratu res, 
and  the relative frequency of th e  isolation of fungi from  soil and  n a tu ra l 
substra tes when different incubation tem peratu res are used. I t  appears 
to  be m ost im portan t to  include an incubation tem peratu re  near the am bient 
tem peratu re  prevailing when the sam ples were collected as well as the 
norm al laboratory  tem peratu re  which is generally used. This is usually 
higher th an  the soil tem peratu re , and  m ay produce results which do not 
give a tru e  im pression of w hat is actually  happening a t the  am bient tem 
p era tu re .

T ab le  2

Low temperatures recorded for the growth of fungi which occur in  the phylloplane

Fungus Substrate1 1 Temperature * Iteference
Alternaria Frozen foods 5 °C Gunderson (1961)
tenuis in culture —  2 °C Togashi (1949)
A ureobasidium fru it pies 5 °C Gunderson (1961)
pullulans wood pulp 1 °C Cooke (1960)
Botrytis cinerea 1 frozen foods 5 °C Gunderson (1961)

spore germ ination -  2°C 1 Togashi (1949)

Cladosporium m eat in cold
herbarum storage — 6 °C Brooks and H ansford (1923)
Epicoccum nigrum leaf litte r 3 °C Mulder (unpublished)

2. E nzym e Production  of Phylloplane Fungi
I t  can be seen from  Table 1 th a t, w ith the exception of A . pullulans, 

the common phylloplane fungi were isolated on C. A., where their growth 
was accom panied by a clearing of the  medium. This shows th a t  these fungi, 
in the laboratory , are able to  produce eellulase, and  th is indicates th a t
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they  have the po ten tia l to  decompose cellulose in the tieid. O ther workers 
have rep o rted  th a t  the fungi which are common in the phylloplane produce 
o ther enzymes, and  some of the  more im p o rtan t of these enzym e system s 
are listed in Table 3. The rep o rted  production of cutinase by Botrytis, and 
of pectinase by  Ameobasidium, Botrytis and  Cladosporium would appear 
to  be particu la rly  im p o rtan t in this ecological group of fungi.

T able 3

Som e im portant enzym es produced by fu n g i which occur in  the phylloplane

Fungus I Enzyme System Reference

Altem aria tenuis 

A ureobasidium pullulans

Botrytis cinerea

Cla dosporium herb arum 

Epicoccum nigrum

cellulase
protease
pectinase
constitutive enzymes
for sugars
cellulase
cutinase
pectinase
enzymes for the utilisation of
mannose, glucose, fructose
and glycerol
cellulase
pectinase
cellulase

Siu (1951)
Porter (1966)
W ieringa (1956)
Clark and Wallace (1958)

Siu (1951)
Linskens and Haage (1948) 
Brown (1934)
Ampuero (1966)

Siu (1951) 
Wieringa (1956) 
Siu (1951)

DISCUSSION

The initial fungal colonists on the surfaces of leaves are ideally positioned 
to  exploit the underlying tissues a t the first opportun ity . The possession of 
enzym e system s by  Botrytis cinerea w hich enable it to  decompose cutin 
and  pectin , together w ith  the pectinolytic abilities of Aureobasidium and  Cla
dosporium allow these fungi to  pene tra te  the leaf and  to  begin the b reak 
down of the middle lamellae, and  thus the  d isintegration of the  leaf tissues. 
The o ther enzyme system s, and  particu larly  the production of cellulase, are 
then  able to  begin the a ttack  on the  cell wall m aterials before the dead leaf 
has been incorporated  in to  the soil. A t a la te r stage, however, the highly 
com petitive soil saprophytic fungi norm ally dislodge the earlier colonists 
and  continue the  decom position of the leaf.

In  addition to  the p a r t  p layed  in the early colonisation of the leaves, 
the phylloplane flora m ay also have another, economically im p o rtan t role 
while the leaf is still alive an d  actively assim ilating: L ast an d  D eighton 
(1965) have discussed the p a r t  which these fungi m ay play  in relation  to  
leaf pathogenic fungi. Thus “ the population of Pullularia (Aureobasidium) 
pullulans and Cryptococcus spp., which can decompose pectin  and  lipids m ay 
m ake leaf surfaces more readily w etted  and, in so doing, p rem aturely  increase 
the  availability  of n u trien ts  to  parasites” . Conversely, they  point out th a t
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the leaf mycoflora “ m ay ac t as scavengers ‘m opping u p ’ energy sources, 
which otherwise m ight stim ulate  the  grow th of p lan t parasites” .

More recently , Van den Heuvel(1969) has shown th a t the inoculation of 
bean leaves w ith  a spore suspension of Aureobasidium pullulans a day  before 
or sim ultaneously w ith  a spore suspension of Alternaria zinniae, significantly 
reduced the level of infection of the leaves. He suggested th a t the presence 
of A. pullulans acted  like a fungicide or a fungistatic substance, and  th a t 
this effect m ay be caused by creating a n u trien t deficiency in infection 
drops or by  inducing the leaves to  produce inhib itory  substances.

The phylloplane mycoflora can therefore be seen to  be im portan t while 
the leaves are living. Through their ability  to  in itia te  the decomposition 
of cutin, pectin  and  cellulose, th ey  are also im portan t during senescence 
and  a fte r the death  of the leaves.

SUM M ARY

The fungi on the surfaces of leaves of Acer pseudoplatanus and  Typha  
latifólia which were commonly isolated on po ta to  dextrose agar and  cellulose 
agar include Alternaria tenuis, Aureobasidium pullulans, Botrytis cinerea, 
Cladosporium herbarium and  Epicoccum nigrum. Differences in the p a tte rn  
of d istribution of these species were found when leaf disc sam ples were 
incubated  a t  different tem peratures, and  on the two media. Aureobasidium 
was n o t isolated on cellulose agar, b u t the o ther species cleared this medium 
showing th a t  th ey  produce cellulase. The enzym e production of these com 
mon leaf surface fungi has been reviewed. The production of cutinase, 
pectinase and  cellulase as well as o ther enzym es has been re la ted  to  the 
role which these phylloplane fungi probably  play in the colonisation of the 
leaf. T heir role in relation to  infection of leaves by p lan t pathogenic fungi 
is also discussed.
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SECTION I I

INTERACTIONS BETWEEN HERBICIDES AND MICROORGANISMS





Syrup. Biol. H uny. 11, pp. 337—347 (1972)

INTERACTIONS OF SOIL MICROBES AND PESTICIDES

K . H. D omsch

INSTITUTE OF SOIL BIOLOGY, RESEARCH CENTRE OF AGRICULTURE, 
BRAUNSCHWEIG-VÖLKENRODE, GFR

Pesticides are developed to  ac t in space and  tim e; they  are designed to 
kill, to  inh ib it or to  repel; they  are toxic and  reactive, and  they  are in tro 
duced in to  our environm ent in millions of kilogram m es each year.

W ith  only a few exceptions pesticides are organic compounds, b u t they  
do no t contribu te m easurable am ounts to  the  organic m a tte r  of the soil 
in a d irect way. B road spectrum  biocides, however, tu rn  a high percentage 
of living organism  in to  dead organic m atter.

Pesticides in general are used for the control of pests and  diseases of 
p lan ts  and  anim als, as well as for the regulation of undesired grow th in 
populations of individuals. W ithin the approxim ately  150 groups of 
chemicals (Table 1) our m ain in terest concentrates on herbicides, insec
ticides, and  fungicides, which are produced and  used a t an average ratio  
of 4 : 2 : 1.

Tabló 1
Survey of pesticides used in  terrestrial and aquatic environments

1-50 major groups of chemicals representing 
Acaricides
Poisons and repellents for fishes 
Poisons and repellents for birds 
Poisons for Amphibians 
Poisons for Reptiles
Poisons and repellents for Invertebrates 
Poisons and repellents for Mammals

Insecticides

Xematoeides
Bactericides

Fungicides
Algicides
Herbicides

Growth regulators 
Defoliant ia

In teractions between the tox icants and the soil biosphere can occur in 
tw o ways: pesticides affect soil microbes, and  pesticides are degraded by 
soil microbes. B oth  aspects m ust be seen in conjunction w ith the main-
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tenance of soil fe rtility  as well as w ith the prevention of hazards to  public 
health. In  the following some of the recen t results in this area will be 
presented.

PESTICIDES AFFECTING SOIL MICROBES

There are num erous contributions to  th is topic available in the lite ra tu re . 
In  fact, 350 papers had  been published before 1963 (Domsch 1963), and  the 
num ber has abou t doubled since. This should be acknowledged as a con
vincing proof for the  responsibility and  awareness of all people engaged 
in pesticide research.

On the o th er hand, it  is surprising th a t th e  same topic “Pesticide 
behaviour in soil” is tack led  again and  again w ithout efficiently increasing 
our knowledge and  understanding . A dm itted ly , there are some m ajor 
difficulties, including the extrem e diversity  of pesticides, soils and microbial 
populations. B u t th is is no t the key for explaining an apparen tly  unsatis
fying situation . W h at soil biology urgen tly  needs is the  quantification o f 
specific activities of soil organisms, so th a t the  com ponents of the soil 
ecosystem  can be weighed against each other. Today we are still in the 
position of using a m ostly descriptive m ethodology for the in te rp re ta tio n  
of functional relationships.

Table 2
Possible effects of pesticides in  the soil ecosystem and alternatives for 

pesticide applications

Pesticides

Target organisms Non target organisms

Alternatives

No chemical control; 
specific chemical 
control

A dditгопаl effects :

Pollution of soil, 
water, air; residues 
in plants and animals

Secondary effects (microbes)

Reduction of to tal numbers 
Reductions in large groups 
Reductions on the species level

Inhibition of global activ ity  
Tnhib. of metabolic activities 
Inhib. of biomass production

In terrup tion  of nu trien t cycles 
In terr. o f ecological associations 
In terr. of ecological regulations

Stimulation of global activity 
Delay of humus decomposition 
Inhib. of undesired organisms

Iu  Table 2 a provisional survey is given for some of the alternatives 
for pesticide applications and  secondary effects on soil microbes th a t m ust 
be critically weighed before an investigation of the system  should be started . 
F our exam ples derived from  Table 2 will illustra te  the problem :
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1. Low crop quality  due to  critical am ounts of pesticide residues m ust 
prohib it pesticide application. In  this case a decision abou t alternatives 
m ust be m ade a t  an early  stage. Consequently, there is no need for an 
investigation of side-effects on soil microbes.

2. I t  is known th a t  nitrification is strongly inhibited by m any pesticides. 
On the o ther hand, the  “ value” of nitrification for p lan t nu tritio n  is 
extrem ely  small. Consequently, the rank of the critérium  “nitrification” 
should be reevaluated.

3. I t  can be found th a t to ta l num bers of microbes are drastically  reduced 
by a certain  pesticide, while essential soil m etabolic activ ities are still 
functioning in the same system . Consequently, the  higher rank of processes 
of decom position, transform ation, and  production m ust take  precedence 
over num erical shifts.

4. A high percentage of fungal un its is usually elim inated from  the  soil 
a fte r fungicide application. W ith  the exception of a few determ inations 
of fungal biomass production in arable soils, the relative im portance 
of fungi as com pared w ith  bac teria  is still obscure. Consequently, too 
m uch em phasis on soil fungi in such cases seems inadequate.
I t  is ev ident th a t  an analysis of more or less isolated aspects of m icrobial 

ac tiv ity  under the influence of pesticides was the dom inating approach 
to  the problem  in the p as t (A lexander 1969). To prom ote progress in this 
field, we feel th a t  the com plexity of a  given te rrestria l ecosystem  m ust be 
critically analysed, system  com ponents w ith the  highest degree of sensitiv ity  
m ust be identified, and  possible in terrup tion  of the energy flow within 
the  ecosystem  m ust be docum ented.

R esearch in soil biology should refrain from  sim ply producing d a ta  w ith  
no in te rp re ta tio n  of the actual significance and  relevance, leaving the 
p a rts  of the puzzle for others to  compose. We also should refrain  from  
using term s like biodynam ic relationship, functional aspects, n u trien t 
cycling, soil m etabolism  unless we s ta rt introducing suitable param eters 
now. B ack in the laboratory , we know well enough th a t  relatively  simple 
models m ust be chosen as a first step  to  sim ulate n a tu ra l ecosystem. We 
have made an a ttem p t to  stu d y  the secondary effects of a fungicide under 
the  following points of view (among others):

a) Do catabolic activities w ithin the carbon cycle have a different 
degree of sensitivity  ?

h) Can the restitu tion  of a physiological equilibrium  be m easured in 
the  soil?

The experim ental conditions were as follows: air dried  soil, particle 
size 2 — 1 mm, rem oistened a t  the  beginning of the experim ent; incor
poration of defined organic substrates (glucose, pectin, chitin, xylan, 
cellulose, cutin), m easurem ent of 0 2-uptake in the absence and  presence 
of cap tan  (N-trichlorom ethylm ercapto-4-cyclohexene-l,2-dicarboxim ide) a t 
different concentrations. Calculation of respiration ra tes and  to ta l 0 2- 
consum ption.

The percentage of non-oxidized substra te  was calculated in the  equilib
rium  sta te , i.e. when the respiration ra tes (0 2-uptake/t) had  reached 
a constan t level under all experim ental conditions. I t  can be seen from  
Fig. 1 th a t substrates which require uniform ly d istribu ted  enzyme system s 
for oxidation (glucose, pectin, chitin) are no t seriously affected by  500 ppm
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F ig . 1. In fluence o f  500 p p m  c a p ta n  (active m ate ria l) on th e  o x id a tio n  o f 6 d ifferen t
carbonaceous su b s tra te s

T ab le  3

Influence of 500 ppm captan ( active m aterial)  on the lag-phases 
for maxim um  utilization of 6 different carbonaceous substrates

Time deficit

Application 
rate of captan 

(ppm)
Substrate

Delay of maximum 
utilization (h)

500 Glucose 15
500 Chitin 30
500 Pectin 45

50 Cutin 230
100 Xylan >400
200 Cellulose 370
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of the fungicide. On the o ther hand, cellulose, xylan, and  cutin rem ain 
untouched for periods of up to  6 weeks.

Critical concentrations of cap tan  th a t will perm it a delayed utilization 
of the 3 “ blocked” substrates, are 50 ppm  for cutin, 100 ppm  for xylan 
and  200 ppm  for cellulose respectively. Again, the lag-phase for the glucose, 
chitin and pectin is of only sho rt duration  (Table 3). The restitu tion  of 
the physiological equilibrium  is achieved w ithin reasonable periods of time. 
I f  one considers the stress th a t is p u t upon microbes by unfavourable 
environm ental conditions (drought, flooding, freezing, heat), the conclusions 
draw n from  tem porary  inhibitions caused by pesticides should no t be 
exaggerated. A pparen tly  arable soils supporting a highly diversified 
microbial population have a  well developed biological buffering capacity  
(Domsch 1968).

PESTIC ID E DEGRADATION BY SOIL M ICROBES

Persistence of pesticides in the soil a fte r th ey  have functioned as a 
measure for pest control is no t w anted  in m ost cases. There is a strong 
dem and for biodegradable chemicals. The process of developing “ th ird  
generation insecticides” is world-wide, an d  research has tu rn ed  to  the 
relations between chemical s tru c tu re  and biodegradability  (K earney e t al. 
1970).

W hile microbes are indeed a powerful means of detoxication, a pesticide 
exposed to  the environm ent is also subject to  a num ber of non-biological 
degradation mechanisms. A t the p resen t tim e, a good deal of inform ation 
is available on adsorption, volatilization, translocation, diffusion, p h o to 
decomposition, chemical reactions w ith soil constituents and  u p take by 
p lan ts and  soil anim als. I t  rem ains to  be dem onstrated  to  what ex ten t 
microbes partic ipa te  in the overall pesticide degradation under varying 
conditions.

Soil m icroorganisms perform  a num ber of enzym atic reactions in the 
process of pesticide degradation. These reactions include oxidation, reduc
tion, ester hydrolysis, dealkylation, de halogénation, ring hydroxylation and 
ring cleavage. Pesticides m ay serve as carbon, arom atic nitrogen or energy 
sources or they  m ay m erely represen t substra tes for co-metabolic activities 
(Alexander 1967). I t  would be highly desirable to  have pest icides degraded 
to  a po in t where no residual tox ic ity  is left, bu t this is true  for only a few 
pesticides. I t  therefore should be borne in m ind th a t the term s in use 
do generally not im ply com plete degradation, detoxification, or decom 
position. The experim ental approaches to  elucidate pathw ays of degradation 
include the use of n a tu ra l soil samples, enrichm ent cultures, pure cultures, 
and  enzyme preparations. The system  w ith the lowest order of com plexity 
is generally preferred, since the requirem ents for biochemical work are very  
well m et. A t the same tim e synergistic effects which are very  likely to 
occur in soil system s are neglected. I t  is not well enough recognized th a t 
in some instances a change from  aerobic to  anaerobic conditions or a 
succession of two or more organism s will prom ote degradation considerably.

In  the following, a few exam ples are chosen from  the lite ra tu re  to  
dem onstrate principles of degradation ra th e r than  to  give a com plete 
survey.
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Prometryne
(Soil microorganisms)
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(Soil microorganisms )

Cl

CH3

s

Fig. 2. O x idation  o f  p ro m e try n e  and  h ep tac h lo r

Oxidation (Fig. 2). The oxidation of prom etryne (2-methvlthio-4,6-bis 
(isopropylam ino)-s-triazm e) by non-identified soil m icroorganisms was 
rep o rted  by Gysin (1962) w ith the sulphoxide and  the sulphone as first 
degradation products. — The form ation of dieldrin from  aldrin, and  of 
heptachlor epoxide from heptachlor is based on the capability  of m any 
microorganisms to  convert isolated double bonds in to  corresponding 
epoxides (Menzie 1969). — The beta-oxidation of 2,4-diehlorophenoxy- 
alkanoic acids is very  well docum ented (G utenm ann e t al. 1964).

Reduction (Fig. 3). The reduction of n itro  groups has been observed in 
a  num ber of pesticides. L ichtenstein  and  Schultz (1964) identified amino- 
parath ion  in soils w ith high microbial densities a f te r  incubation w ith 
p arath ion  (0 ,0 -d im ethy l-O -p-n itropheny l phosphorothioate). — The con
version of PCNB (pentachloronitrobenzene) into pentachloroaniline seems 
to  be in the scope of m any soil microbes; Streptomyces aureofaciens has 
been used in the work of Chacko e t al. (1966). — The n itro -substituen ts 
of trifluralin (a,a,oe-trifluoro-2,6-dinitro-N,N-dipropyl-p-toluidine) and  re-
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Parathion 
(Soil y e a s ts  )

PCNB
Strept. aureofaciens

Ó
Fig. 3. R ed u c tio n  o f p a ra th io n  and  PC N B

la ted  com pounds are also subject to  reduction to  am ines (P robst and  Tepe 
1969).

Ester hydrolysis (Fig. 4). Besides the well-known chemical hydrolysis 
of phosphate insecticides there  are several reports on the enzym atic a ttack  
of ester linkages. — A pathw ay  for degradation of CIPC (isopropyl N '- 
-(3-chlorophenyl) carbam ate) was proposed by  K earney  e t al. (1967) w ith 
3-chloroaniline, isopropyl alcohol and  C 0 2 as the prelim inary m etabolites. 
— An alm ost classical exam ple is the  conversion of the non-toxic herbicide 
sesone (sodium 2,4-dichlorophenoxyethyl sulphate) into 2,4-D w ith 2,4-di- 
chlorophenoxyethanol as an in term ediate (Vlitos 1953).

Dealkylation (Fig. 5). The N ,0 , or S linkages between alkyl groups and 
the carbon skeleton are in general subject to  dealkylation, while C—R 
substituen ts seem to  be re la tively  stable (K earney and  Helling 1969). 
The m etabolic degradation of simazine (2-chloro-4,6-bis (ethylam ino)-s-tri- 
azine) is in troduced by a N -dealkylation m echanism w ith  the form ation 
of 2-chloro-4-am ino-6-ethylam ino-s-triazine (K earney et al. 1965); it very  
likely proceeds to  the  final rem oval of bo th  e th y l groups, dehalogenation 
and  ring hydroxylation. — In  m ixed cultures the dealkylation of the 
herbicide chloroxuron (3-(4-)p-chlorophenoxy(-phenyl)-1,-1-dim ethylurea) 
proceeds via the m etabolites 3-(4-chlorophenoxy)phenyl-l-m ethvlurea and 
3-(4-chlorophenoxy)phenylurea (Geissbühler e t al. 1963).

Dehalogenation (Fig. 6). The process of enzym atic dehalogenation is an 
essential p a r t  of the detoxification of chlorinated hydrocarbon insecticides.
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CIPC
Pseudom onas  striata
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I
он
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Ó" —
Ct

Fig. 4. E s te r  hydro lysis o f  C IFC  and  sesone

So far no reports are available on the dechlorination of molecules in the 
dien-group, b u t m any m icroorganisms convert DDT (l,l-dichloro-2,2-bis- 
(p-chlorophenyl)-ethane) to  DDD (Plim m er e t al. 1968). According to  
Allan (1955) several bac teria  appear capable of an alm ost com plete dechlor
ination of HCH (hexachlorocyclohexane) to  benzene and  m onochloro
benzene. Dehalogenation of D alapon (2,2-dichloropropionic acid) in vitro  
was dem onstrated  by an enzym e prepara tion  of an Arthrobacter sp. (K earney 
e t al. 1964). The proposed pathw ay  includes the form ation of 2-chloro- 
acrylate and  2-chloro-2-hydroxypropionate. I t  finally yields pyruvate , 
which comes very  close to  an  ideal detoxification product.

Bing hydroxylation and  ring cleavage (Fig. 7). M icroorganisms capable 
of in troducing hydroxy groups in the process of m etabolizing phenolic 
com pounds are well ad ap ted  to  arom atic ring hydroxylations. The first 
step  of MCPA degradation involves the in troduction of OH-groups in 
e ither the 5- or 6-position, followed by the production of 5-chloro-3-methyl- 
catechol. Cleavage of the  catechol yields a-m ethyl-y-chlorom uconic acid 
(G aunt and  E vans 1961; F au lkner and Woodcock 1965). — The pathw ay  
of 2,4-D detoxification follows sim ilar routes. — F u rth e r exam ples for an 
enzym atic ring cleavage are reported  for the insecticide diazinon by 
synergistic action of tw o m icroorganisms (Gunner and  Zuckerm an 1968) 
and  for carbam yl, a m ethylcarbam ate insecticide (K aufm an 1970).
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Fig. 5. D ealky la tion  o f  sim azine an d  chloroxuron

I t  becomes alm ost im m ediately evident th a t  there is a  wide gap between 
the valuable biochemical work th a t has been done in pure cultures w ith 
m ostly biodegradable pesticides and  the elucidation of some urgent problem s 
as th ey  occur in the soil environm ent. One of the  m ost conflicting results 
seems to  be the app aren t persistence of some pest icicles which are principally 
biodegradable. The following possibilities should be considered:

M icropopulation: No capacity  for adaptation
Growth conditions n o t m et in soil 
G row th requirem ents not m et in soil 

Pesticide: N ot available to  microbes
N ot to le ra ted  by  microbes 
No enzyme induction in microbes 

Soil: Physical conditions unfavourable
Chemical conditions unfavourable 
Changing conditions required
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Clostridium sporogenes
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Fig. 6. D ehalogenation  o f D D T , H C H  an d  dalapon

L et us hope th a t all efforts will be made in the fu tu re to  solve the more 
im p o rtan t problem s as th ey  arise from  pesticide application. Modern 
technology has revolutionized agriculture; it  should be a m a tte r of public 
concern to  keep all aspects of th is progress under control.
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МСРА
Aspergillus niger 
(Soil microorganisms)
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F ig . 7. R ing  h y d ro x y la tio n  and  rin g  cleavage o f MCPA
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EFFE C T  OF A F E W  H E R B IC ID E S  ON T H E  DECOM POSITION OF
CELLULOSE

J . S z e g i

RESEARCH IN ST IT U T E OF SOIL SCIENCE AND AGRICULTURAL CHEM ISTRY OF T H E  HUNGARIAN
ACADEMY OF SCIENCES, BUDAPEST, HUNGAR Y

R ap id  progress of chemical p lan t pro tection  dem ands the use of newer 
chem ical m aterials for the control of the p lan t and  pests. The pesticides 
which have been applied in agriculture have increased by leaps and bounds 
bo th  in th e ir quality  and  q u an tity . Thus for exam ple the q u an tity  of 
pesticides which has been in the past decade increased tenfold and  it is 
very  likely th a t  it  will increase even at a faste r ra te . On the basis of the 
above, the stu d y  of the effect of the chemicals used in agricultural practice 
on the ecosystem  of soils assumes a g rea ter im portance. Since the m icro
organism s living in the soil yield an im portan t p a r t of the ecosystem  it is 
essential to  stu d y  soil microbes an d  pesticides bo th  from  the theoretical and  
practical p o in t of view.

M any articles have been accum ulated in the journals dealing w ith  the effect 
of pesticides on biological processes in the  soil. K iss (1!)67) concluded 
from  the weight-loss of cellulose in troduced  in to  the soil as to  the  effect 
of the different doses of the  herbicides on the soil microflora.

He established th a t  w ith  the increase of the applied doses of H ungazin 
P K  (2-Chloro-4-ethylam ino-6-isopropyl-amino-s-triazine) the biological 
ac tiv ity  of the soil decreased. Dom sch (1970) studied the oxygen utilization 
of soil sam ples, to  which different organic m aterials (glucose, pectin , chitin, 
xylan, cutin) as w ellasC ap tan  (N -trichloro-m ethylm ercapto-4-cyclo-hexane- 
1,2-dicarboximyde) doses were added.

The respiration investigations proved  th a t some of the listed m aterials 
(glucose, pectin, chitin) were m ineralized intensively in the presence of 
50 — 200 ppm  C aptan b u t the u tilization of the th ree o ther organic 
m aterials was substan tially  inhibited.

The effect of herbicides on the  grow th of microscopic fungi living in the 
soil has been studied by several authors. Colmer (1954), Yedros and  Colmer 
(1959) established th a t herbicides w ith D N B P (2,4-dinitro-butyl- 
phenol) active ingredient strongly inh ib ited  the grow th of fungi already 
in 10 mg/1 concentration. R ichardson (1957, 1959), Chappel and  Miller 
(1956) observed th a t the herbicides belonging to  the above-m entioned 
group tes ted  w ith  agar-p late m ethod inh ib ited  the m ultiplication of different 
phvtopathogenic fungi in 10 mg/1 concentration.
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EXPERIMENTAL PART

Our basic aim  was to  study  how the  cellulase ac tiv ity  of soil, especially 
the cellulolytic activ ity  of the microscopic fungi isolated from  soils is 
influenced by the herbicides widely applied in p lan t growing in H ungary.

Soil sam ples were collected from the ploughed layer of the soils of two 
E xperim ental S tations of our institu te . One of the  soils used was a 
H ungarian  chernozem and the o ther an  alluvial sandy soil. The m ost 
im p o rtan t chemical d a ta  of these soils are dem onstrated  in Table 1.

T able 1

The most im portant chemical data of the investigated soils

pH Total

CaCOs
О/
/О

Humus K 20 P 2Os XSoil type hy 1
In water In  KC1

1 mg in 100 g soil

Chernozem 9.1 2 .6 5 7 .5  7.3 3.5 2 6 .8 7.S 2 .2 0

Sand 0 .4 0 .5 0 7 .0  6 .6 0 .6 1 7 .0 9 .5 1 .6 4

The air-dried soil sam ples were sieved (pore size 0.5 mm). 250 g of the 
sam ples were weighed into porcelain dishes. E ach of them  received 5 g 
cellulose powder. H ungazin DT (2-chloro-4,6-bis-(ethylamino)-s-triazine) 
and  D ikonirt (2,4-dichloro-phenol-oxyacetic acid) were added a t  0.5, 0.025, 
and  0.012% . The cellulose pow der and  the herbicides were m ixed w ith the 
soil, homogenized then w ater was added in am ount of equal to  60%  of the 
w ater holding capacity  of the given soil. A fterw ards the  soil was crum bled 
w ith  w ater and  the sam ples were p u t in to  plastic boxes w ith a cover which 
could be locked, b u t previously an aeration opening was cu t on it.

T he th ird  herbicide Gram oxone (1,1-dim ethyl-1,4-dipyridillum dichlorid) 
was dissolved in w ater and added to  the soil in the  folloving concentrations: 
0.5, 0.25, 0.12, 0.06% . Q uadruplications were used and  4 parallel samples 
were taken  from  every dish during the analysis, therefore d a ta  in each 
case represen ted  the average of 16 samples.

Parallel to  the  basic experim ent, varian ts w ithout cellulose were p repared  
w ith  the herbicides using the m etho ds outlined above. The dishes were 
incubated  a t  28°C for 12 weeks. The evaporated  w ater was replenished 
every  10th day.

A fte r th ree m onths incubation the to ta l organic m atte r con ten t was 
determ ined by Orlov and  G rindel’s (1967) m ethod, then  — a fte r  com 
paring them  w ith the control — the decomposed cellulose was calculated 
in the d ifferent trea tm en ts.

The organic m a tte r  of soil was destroyed  by potassium  dichrom ate 
and  cc. sulphuric acid and  the carbon conten t was determ ined in a photo- 
colorim etric way and was recalculated  to  cellulose. As all m ethods, this 
also has a d isadvantage, nam ely th a t  the  in troduction of cellulose could
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help the  speedy incorporation of hum ic m aterial and  in such w ay values 
converted  from  carbon m ay be modified to  a certain  degree.

I t  was po in ted  out in an earlier work (Szegi 1965) when the decom po
sition of cellulose by actinom ycètes was studied in the presence of different 
am ounts of Na-hu m ates and  parallelly the  discoloration degree of the 
n u trien t solution was determ ined , th a t  one could conclude to  the  am ount 
of the decomposed hum us. B u t the  sm all decom position values of hum us 
received there, as well as the application of relatively high doses of cellulose 
in this w ork gives us the righ t to  suppose th a t  the main source of error 
is no t this, in the presen t experim ent. The results of the experim ent 
are shown in Table 2.

T able 2
The effect of a few herbicides on the cellulase decomposing activity of the

investigated soils

Herbicide
ug active ingredient 

in 1 g soil

The decomposed cellulose in 
the % of the measured amount

Loose sand Chernozem

Control 76.7 43.9
Himgazin DT (52 80.(5 42.7
Hungazin DT 125 72.5 40.5
Hungazin DT 250 75.2 42.1
Hungazin DT 500 74.6 41.3
Gramoxone 125 74.1 46.2
Gramoxone 250 75.5 47.6
Gramoxone 500 (54.2 39.7
Gramoxone ] 000 (50.8 31.2
Dikonirt 87 76.7 44.4
Dikonirt 175 75.9 46.8
Dikonirt 350 72.1 40.1
Dikonirt 700 63.4 43.3

In  the second p a r t  of this work the  sensitiv ity  of different cellulolytic 
microscopic fungi to  Gramoxone, and  the different doses of D ikonirt were 
studied. The experim ent was conducted on m ineral medium  in which 
cellulose was the only C-source in 2%  am ount. The pH  of the m edium  
was 7. Q uadruplications were used. In  the case of D ikon irt 0.25, 0.12, 
0.06, 0.03 mg/ml m edium  and  in the  case of Gram oxone 0.03, 0.012, 
0.006, 0.003 mg/ml m edium  prepared  as m entioned was inoculated 
with the  suspension of five-day-old cultures of 20 microscopic fungi. 
The m ajority  of fungi were isolated from  chernozem which was investigated  
in our earlier work. The fungi belonged to  the  different species of Asper
gillus, Pénicillium, Nigrospora, Fusarium, Stachybotrys, Verticillium  and 
Trichoderma genera. A fte r th ree m onths’ incubation, the cellulose which 
was n o t decomposed was determ ined.

Because of the substan tia l am ount of fungal hyphae in the rem aining 
cellulose in the  filter w hich could change the precision of the valuation
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for th is reason, a m ethod lias been w orked out to  avoid this fau lt (Szegi 
1965). The essence of this m ethod was th a t a f te r  m anyfold washing the 
m ixture of cellulose pow der and  m ycelia was dried and the N -content 
was determ ined by  K jeldahl m ethod which was calculated  to  pro tein  and 
taken  as identical w ith  the mycelium  weight. The aim  of the washing 
was to  rem ove mucous m aterials, and  the m ineral salts, prim arily  m ineral 
nitrogen. The d a ta  of the  experim ent are given in Table 3.

T able 3
E ffect of different doses of some herbicides on the activity  

of cellulose decomposing fung i

Control
Concentration о 2,4 1) in mg/ml Concentration of Giamoxone in mg/ml

Fungal strains 0.03 0.06 0.12 0.25 0.003 0.006 0.012 0.025

Residual cellulose as a percentage of the added amount

Aspergillus candidus
(L 1) 20.3 19.7 18.6 15.3 10.4 16.4 11.7 8.3 —

Aspergillus uslus 
Pénicillium sp. funicu-

«81.2 82.4 66.5 60.8 49.7 67.2 50.3 16.2

losum series (511) 
jPen icillium n a Igiovensis

74.2 73.7 76.9 72.1 69.8 72.4 53.5 26.3

(K sz- 11)
Pénicillium sp. pur-

79.6 86.1 89.4 80.4 81.5 83.2 42.1 30.7

purogenum series 
(Ksz- 14)

Pen icilHum piscarium
76.5 83.7 87.5 71.4 50.2 66.3 31.5 12.0

(L -2) 49.7 50.7 39.8 35.4 27.9 53.4 47.2 14.8
Pénicillium sp. (L -8 ) 60.9 64.6 63.8 62.7 53.1 57.2 43.4 19.6
Fusarium sp. (L 7) 83.4 68.2 63.5 61.4 59.8 73.4 71.3 48.2 19.6
F usarium sp . (tn —11 ) 
Fusarium aquaeductuum

79.8 65.3 57.4 50.2 40.1 65.6 60.3 39.7 10.2

var. dimerum  ( tn — 22) 87.4 73.6 32.4 76.4 71.2 60.3 50.4
Fusarium  avenaceum 

var. herbarum (L — 6) 
Fusarium solani var.

61.2 64.8 63.2 66.5 68.4 55.6 47.4 31.5

argillaceum (L —12) 75.3 76.4 59.7 39.5 17.2 75.4 73.4 67.5 59.4
Fusarium n ivale (L — 4) 
Hormodendrum sp.

38.4 39.7 29.3 27.4 26.5 40.2 31.5 18.7

(L10)
Hormodendrum sp.

39.6 41.4 35.3 37.6 30.9 42.4 40.5 39.6 18.7

(L 11) 90.4 85.3 80.7 82.5 78.8 90.3 75.7 29.6 15.2
Nigrospora sp. 25.7 25.6 27.2 21.3 19.5 22.3 15.2 13.1 10.9
Stachybotrys atra 
Verticillium candel-

47.3 50.4 56.2 49.1 44.3 41.5 36.4 18.4

labrum (L —13) 43.7 41.5 34.8 24.7 18.4 35.1 24.9 11.6 -

Mycelia sterila (L 9) 86.7 71.2 54.6 39.7 30.3 82.3 42.5 11.4 9.3
Trichoderma sp. ( I l l ) 80.3 79.5 77.4 71.5 53.2 75.4 72.1 37.5
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RESULTS AND DISCUSSION

From  the experim ents m entioned above, one can draw  the following 
conclusions. The d a ta  of Table 2 show th a t the decomposition of cellulose 
is the m ost intensive in sandy soil because 75% of cellulose was decomposed 
during the incubation period. Smaller am ount of cellulose was decom 
posed in the Chernozem soil. I t  was very  in teresting to  observe in the 
beginning of the incubation th a t the sandy soil containing cellulose formed 
a  net, the hypha of different fungi belonged to  the Fusarium  genus. This 
phenom enon was no t observable in the chernozem soil.

According to  our opinion in the more intensive cellulose-decomposing 
ac tiv ity  of fungi in sandy soils could make a  basic role to  the relatively 
large am ount of the available nitrogen.

As i t  is dem onstrated  on the tab le  the m anyfold values of H ungazin 
doses applied in the practice, also did no t influence the ra te  of cellulose 
decomposition. N either inhibitory, nor essential stim ulative effect could 
be observed in the H ungazin trea tm en ts. I t  can be supposed th a t herbicide 
does n o t influence substan tially  the decomposition of the p lan t residues 
rich in cellulose in any case of the investigated  soil. As regards the Gram - 
oxone its 0.5%  dose resu lted  a  visible depression in the decomposition 
of cellulose. In  such a dose the herbicide sprayed onto the surface of p lants, 
could inh ib it for some tim e the decom position of cellulose and  supposedly 
p rev en t o ther microbiological processes from  getting  partia lly  into the soil 
n o t covered w ith  p lan ts.

A sm aller inhib itory  effect was observed in sandy soil in the presence 
o f  0.25%  Gram oxone, which is explainable by  the sm aller adsorption 
properties of this soil. The inhibitory  effect noticed in the higher 
D ikonirt trea tm en ts  com pared w ith  the two soil types could be explained 
also by the adsorption properties. In  the o ther cases the inhibitory  effect 
was no t recorded. B u t no stim ulative effect was observed. F rom  the 
analysis of the results of experim ents w ith  pure cultures of fungi, an 
opposite effect of the two herbicides on the  cellulolytic ac tiv ity  of the 
investigated  microscopic fungi was obtained. Thus the re la tively  high 
doses of D ikonirt could influence only a few fungal species and the 
0.025 mg/ml dose of Gram oxone com pletely inhibited  the grow th of 
the m ajority  of fungi b u t even the sm allest dose of Gramoxone had  a 
m arked  inhib itory  effect com pared w ith  the control w ithout herbicide. 
The same result was recorded by  M anninger e t al. (1970), where Rhizo
bium  and  Azotobacter proved very  sensitive to  the Gramoxone dose applied 
in agricultural practice. I t  is very  in teresting th a t while Pénicillium  
and  Aspergillus species were the m ost sensitive to  G ram oxone, Fusarium  
sjjecies were the m ost resistan t. 0.12 mg/ml and  0.25 mg/ml D ikonirt inh ib ited  
com pletely only one strain , the o thers showed sm aller inhib itory  effect 
in the case of the same dose. In  addition, sm aller doses had  a  stim ulation 
effect on Fusarium  species.

SUM M ARY

M anyfold doses of H ungazin DT (2-chloro-4,6-bis-ethvlam ino-triazine) 
applied in agricultural practice did  n o t inh ib it or stim ulate decomposition 
of cellulose in the investigated  chernozem and  sandy soils. Gramoxone
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(l,l-dim ethyl-4,4-dipyridillium -dichloride) in 0.5%  inh ib ited  m arkedly the 
decom position of cellulose in bo th  soil types, bu t its  inhib itory  effect in sandy 
soil was recorded already in 0.25%  Gram oxone dose too. This difference 
betw een soil types is explainable by the sm aller adsorption capacity  of sandv 
soil. According to  our opinion, the  same reason is also applicable to  the 0.1%  
concentration of D ikonirt (2,4-dichloro-phenoxy-acetic acid) which exhibited  
inh ib itory  effect on the cellulose decom position only in sandy soil.

Only relatively  high doses of D ikonirt inh ib ited  the cellulolytic ac tiv ity  
of the  20 represen ta tives of microscopic fungal species and  Gram oxone in
0.025 mg/1 dose com pletely inh ib ited  the grow th of the investigated  fungi.

The m ost sensitive species to  Gram oxone were the Pénicillium  and 
Aspergillus species, while the  m ost res is tan t were the Fusarium  ones.

R E F E R E N C E S

C happel, W . E ., M iller, L . I . (1956): P la n t D is. R eprt. 40, 52.
Colm er, A . R . (1954): Proc. South . W eed Conf. 7, 237.
D om seh, К . (1970): Proc, of the S y m p . on Soil M icrobiol, A kadém ia i K iadó , 

B udapest, p . 337.
K iss, A . (1967): Agrokém ia és T a la jta n  16, 111.
M anninger, E ., B akond i-Z ám ory , E ., T ak á ts , T . (1970): Proc. of the S y m p . on So il 

M icrobiol. A kadém ia i K iadó , B udapest.
O rlov, D . S., G rindel, N . M.— Орлов Д . Ш., Гриндел H. M. (1967) Почвоведение: 1, 112. 
R ich a rd so n , L . T. (1957): Ganad. J o u rn . P lan t. S e i. 37, 196.
R ich a rd so n , L. T. (1959): Ganad. Jo u rn . P lan t. Sei. 39, 30.
Szegi, J .  (1965): A cta  Agron. H ung . 16, 367.
V edros, N . A ., Colm er, A . R . (1959): Proc. L ou is iana  Acad. Soi. 22, 82.

354



Sym p. Biol. Hung. 11, pp . 355 — 358 (1972)

E F FE C T  OF SIM AZINE ON T H E  A N TIBIO TIC ACTIVITY OF
A C T IN O M Y C E T E S

S. Vla h o v , L. K a m en o v a , G. G oitsterov a n d  L. D amyanova

D EPARTM ENT OF MICROBIOLOGY AND VIROLOGY,
FACULTY OF BIOLOGY, U N IV ERSITY  OF SOFIA, SOFIA, BULGARIA

The effect of Simazine, one of the m ost frequently  used herbicides, on soil 
microflora has been stud ied  by  m any authors. In  field experim ents w ith 
Simazine the Polish au thors B alicka and  Sobieszczanski (1969) have 
established th a t  it  has no effect on soil microflora. In  an  agar medium, 
however, the herbicide inhibits the grow th of some m icroorganisms. Kol- 
tcheva and M arkova (1964) prove th a t Simazine in concentrations of 1.0—7.5 
kg/ha. does not inh ib it the developm ent of the actinom ycètes. Voderberg 
(1961) insists th a t  Simazine has a slight effect on the actinom ycètes. Zolo
tukh in  (1964) and  S teinbrenner e t al. (1961) considered th a t  small con
centrations of Simazine m ight stim ulate  the activ ity  of the soil m icro
organisms. Studies on the  effect of the Simazine on soil m icroorganisms 
have been conducted by  m any others too.

There were no d a ta  in the available lite ra tu re  concerning the effect of 
Simazine on the actinom ycète-antagonists and  th e ir an tib io tic activ ity .

In  view of the im p o rtan t p a r t of the actinom ycète-antagonists in the 
clearing of the  soil from  phytopathogenic bac teria  and  fungi, we decided 
to  exam ine the  effect of the Simazine on the  soil actinom ycètes w ith  an ti
bacterial and an tifungal activ ity .

M A T E R IA L S  A N D  M E T H O D S

The effect of the Simazine on the actinom ycete-antagonists was studied 
on “ chernozem  sm olnitza” (black earth ) soil type. The experim ent was 
carried ou t in th ree repetitions and  four varian ts w ith different concentra
tions o f the  herbicides: v a rian t 1 — 5 mg/kg soil; v a rian t I I  — 10 mg/kg; 
v a rian t I I I  — 20 m g/kg; v arian t IV  — 100 mg/kg. I t  was aim ed to  te s t 
together w ith the norm al applied concentrations of the herbicide, others 
which are m any tim es higher. Simazine was added into the soil in 
the form of w ater solution, so th a t a  dam pness of 60%  of the to ta l m oisture 
capacity  should be insured. The sam ples for the  analysis were tak en  72 
hours a fte r trea tin g  the soil a t a dep th  of 0 —5 cm and  5—10 cm. As controls 
soil sam ples were used which were no t tre a ted  w ith  Simazine. From  
dilutions 1 : 1000 of the soil suspension m edium  were made in a m ineral 
base I  (according to  Gause 1957). All the isolated actinom ycètes were 
te s ted  for antagonistic ac tiv ity  according to  the m ethod of the agar blocks 
(Egorov 1964) concerning 12 species of microorganisms: Bacterium tume- 
faciens, Escherichia coli, Azotobacter chroococcum, Staphylococcus aureus,
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Bacillus cereus, Saccharomyces cerevisiae, Aspergillus niger, Fusarium nivale, 
Fusarium moniliforme, Fusarium oxysporum, Alternaria tenuis, Trichphyton 
mentagrophytes.

The effect o f Simazine on the actinom ycète-antagonists can be determ ined 
by the num ber of the strains w ith antagonistic activ ity , isolated from the 
control and  the different varian ts of the experim ent.

The bacteria  were cu ltivated  on m eat peptone agar (MPA), Ashby and 
p o ta to  agar; the fungi on BA; and  the derm atophytes on Sabouraud 
m edium .

R E S U L T S

The effect o f Simazine on the occurrence o f the actinom ycete-antagonists 
is p resen ted  in Table 1.

T able l
E fjert of S im azine  on the spread of the actinomycete-antagonists

Variants
Number of the 

isolated and 
tested strains

Number of the 
antagonists

%  of the 
antagonists

1. Control (untreated soil)
a. depth 0 — 5 cm 03 38 00.3
b. depth 5 — 10 cm 121 62 51.2

2. Variant I Г (5 mg/kg)
a. depth 0 —5 cm 04 34 53.2
b. depth 5 — 10 cm 03 31 49.2

3. Variant I I I  (10 mg/kg)
a. depth 0 —5 cm 04 32 50.0
b. depth 5 —10 cm 03 30 47.0

4. V a rian tlll (20 mg/kg)
a. depth 0 —5 cm 68 34 50.0
b. depth 5 — 10 cm 60 27 45.0

5. V ariant IV (100 mg/kg)
a. depth 0 —5 cm 50 26 52.0
b. depth 5—10 cm 53 22 41.5

Simazine does not affect in any significant w ay the  to ta l am ount of the 
actinom ycètes, down to  5 cm dep th  in th is soil, b u t it inhibits the develop
m ent of p a r t  of the antagonists as th e ir am ount is reduced. W ith the increase 
of the concentrations of Simazine, a g radual reduction of the percen t of 
the  antagonists can also be observed.

In  the soil a t a dep th  of 5 —10 cm the num ber of the actinom ycètes 
in the soil no t tre a ted  w ith  Simazine, is about twice as m any as th a t in 
the tre a ted  one. The higher concentrations of Simazine exert a certain 
inhibiting influence on the actinom ycete-antagonists. The actinom ycete- 
antagonists of different test-m icroorganism s are no t inh ibited  to  the same 
degree by Simazine (Table 2).

From  Table 2 it  can be seen th a t Simazine has an inhibiting effect bo th  
in high and  low concentrations on the antagonists of the Bacterium 
tumefaciens. In  the concentrations used in practice (5 mg/kg) Simazine 
has no inhibiting effect on the  antagonists of Staph, aureus and  Bacillus
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T able 2
The effect of S im a zin e  on the occurrence of the actinomycete-antagonists 

on the basis of experim ents carried out w ith  different 
m icroorganisms

X umber Number of the an tagon ists

Microorganisms of the 
tested V 1 r  i a  n t  s
strains Control I 11 III IV

1. Bacterium tumefaciens 669 39 18 13 10 4
2. Azotobacter chroococcum 669 7 7 7 3 5
3. Escherichia coli 669 1 1 2 0 2

4. Staphylococcus aureus 66 9 50 52 38 38 34
5. Bacillus cereus 669 53 51 37 41 34
6 . Saccharomyces cerevisiae 669 2 1 1 2 1
7. Aspergillus niger 669 и 4 5 4 2

8. Fusarium nivale 6 69 7 6 4 5 5
9 . Fusarium moniliforme 669 4 4 5 4 7

10. Fusarium oxysporum 6 69 8 7 8 7 7
11. Alternaria tenuis 6 69 IS 7 8 9 8
12. Trich oph y ton ment agroph yt es 6 69 10 2 4 9 8

cereus, b u t w ith  higher concentrations its effect is obvious. The antagonists 
of the phytopathogenic fungi Fusarium nivale, Fusarium moniliforme and 
Fusarium oxysporum are inh ib ited  neither by  the high nor by the  low 
concentrations of Simazine. Fungi possessing actinom ycete-antagonist 
properties, e.g. Alternaria tenuis, are inh ib ited  to  the  same degree bo th  
by  low and  high concentrations of Simazine.

The d istribu tion  of actinom ycète-antagonists in the control and  the 
different varian ts of the experim ent are given in Table 3.

T able 3
D istribution of the actinomycete-antagonists in  different series

Series Control

Number of tl e actinomycete-antagonists

v a r a n t  s

1 1 11 II I IV

1. La van d и la eroseum 2 2 3 0 2

2 . Fradiae 7 4 2 2 1
3. Fuscus 0 1 0 0 1
4 . Roseoviolaceus 3 2 2 3 2

5 . Ruber 0 0 0 l 0
6. Helvolus 2 2 1 l 2

7. Albus 2 0 1 0 0
8. Coerulescens 12 10 7 4 6
9. Griseus 17 14 8 6 2

10. Nigrescens 1 1 0 1 0
11. Aureus 34 31 26 26 17
12. Chrysomallus 5 2 2 2 0
13. Chromogenes 6 3 3 3 3
14. Violaceus 6 3 0 9 9
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The increasing concentrations of Simazine in the soil bring about the 
gradual dim inution of the antagonists from  the series: Aureus, Coerulescens, 
Griseus and  others, b u t in some of the series there is no appearance of 
such an effect or activ ity .

SUM M ARY

1. The exam ined concentrations of Simazine inh ib it to  a slight ex ten t 
the developm ent of the actinom ycete-antagonists, b o th  a t a  dep th  
less th an  5 cm in the soil and  a dep th  of 5 —10 cm. By increasing the 
concentrations of the Simazine to  100 mg/kg the antagonists are reduced.
2. The antagonists of the phytopathogenic fungi Fusarium nivale, 
Fusarium moniliforme and  Fusarium oxysporum are inh ib ited  neither by 
the low nor by the higher concentrations of the Simazine. W ith  the a n ta 
gonists of the Bacterium tumefaciens the  reverse process is observed — they  
show a tendency  to  be inh ib ited  bo th  by  higher and  lower concentrations 
o f Simazine.

3. B y increasing the concentration o f Simazine in the  soil, a num ber of the 
an tagonists from  the  series: Aureus, Coerulescens an d  Griseus is gradually  
decreased, while w ith  o ther series there is no evidence of such a phenom 
enon.
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AND T H E  A N TIBIO TICA L ACTIVITY OF AC T1N O M YC ETE- 
ANTAGONISTS W IT H  A N TI FUNGA L ACTIVITY SPECTRA

G. G o u ster o v , R. Bran kova a n d  S. V lahov

D EPARTM ENT OF M ICROBIOLOGY AND VIROLOGY,
FACULTY OF BIOLOGY, U N IV ERSITY  OF SOFIA, SOFIA, BULGARIA

Sym p. Biol. Hung. 11, pp . 359 —363 (1972)

The in troduction of herbicides in the soil, although in very  sm all doses, 
can cause alternations in the com position of the microorganisms and  can 
change th e ir norm al assim ilation processes. There m ay be observed an 
activation  of some m etabolic reactions in favour of others. C harpentier 
an d  Pochon (1962) have established th a t  Simazine can serve as a source 
of n itrogen in the case of some microorganisms. S teinbrenner e t al. (1961) 
conducted labora to ry  experim ents w ith  Simazine and  В — 6638. Some 
herbicides in m edia were added and  inoculated w ith soil-suspension for 
establishing the changes in the qu an tita tiv e  and  species com position of 
the existing microflora. M ishustin (1964) established th a t a f te r  the phase 
of inhibition, caused by the herbicides on the microorganisms a stim ulating 
effect, m ay appear, due to  the gradual decom position of the herbicide in 
the  soil. Geller and  C hariton (1961) consider th a t  the herbicides inhibit 
m ost of all the  nitrogen-fixers and  th ey  have less effect on the cellulose- 
decomposing bacteria . The m ost susceptible are the fungi and  the mildews 
an d  the actinom ycètes are less affected. K lyuchnikov and  P etro v a  (1960), 
a f te r  trea tin g  forest chernozem w ith  herbicides found an increase in the 
q u an tity  of Pénicillium  an d  Aspergillus and  a  decrease of Trichoderma.

The aim  of our work was to  establish  w hat influence different concentra
tions of some herbicides used in this country , have on the developm ent 
of iso lated  actinom ycète strains and  their anti-fungal activ ity . This is 
im p o rtan t in order to  find products for anti-fungal preparations.

MATERIAL AND METHODS

The effect of five herbicides has been studied: Lasoe, Treflan, R am rod 
Semeron and  Dym id, which are used in our country , on the antib io tic 
ac tiv ity  of 43 strains of actinom ycètes, the anti-fungal ac tiv ity  of which 
was established beforehand. The experim ent was conducted in four varian ts, 
for every  herbicide, and  for com parison a control was used in which no 
herbicide was applied. The different varian ts  of the experim ent contained 
gradually  increasing doses of herbicides: for the Lasoe — 8, 13, 27, 67/1 
media, for Treflan — 8, 16, 32, 80/1.; for R am rod — 16, 32, 48, 128/1; for 
Semeron — 8, 16, 28, 96/1.; media. F or different herbicides vary ing  con
centrations were used depending on the doses used in practice.

The te s t was done by introducing the herbicides in solid agar medium  
(m ineral 1 according to  Gause 1957), on which the actinom ycète-antagonists
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were cultivated . The effect of the  herbicides was determ ined  by com paring 
the antib io tic ac tiv ity  of the  separate actinom ycètes strains on the control 
and  the  d ifferent varian ts  of the  experim ent in relation to  the six k inds 
of phytopathogenic fungi (Alternaria tenuis, Pythium debaryanum, Rhizoc
tonia solani, Fusarium oxysporum, Sclerotinia sclerotiorum, Verticillium 
albo-atrum). The te s t fungi were cu ltivated  on beer-agar a t 26°C. The 
results of the experim ent are indicated  in Tables 1 and  2.

RESULTS

A m anifold ac tiv ity  of the investigated  herbicides has been established. 
The an tib io tic ac tiv ity  of some of the actinom ycète-antagonists was 
decreased and  others of it increased. The ac tiv ity  of the herbicide Lasoe 
was investigated  on 15 actinom ycete-antagonists. Concerning Alternaria 
tenuis only 3 strains re ta ined  th e ir ac tiv ity  on an  equal level in the control 
and  in the different varian ts  of the experim ent. Two strains dim inished 
their antib io tic ac tiv ity  and  10 strains increased their antagonistic properties 
under the influence of the herbicide. I t  is characteristic th a t  bo th  the 
stim ulating  and  the  inhibiting action of the herbicide depends on its con
centration . In  m ost cases (6 strains o u t of 15), an increase in the antib io tic 
ac tiv ity  was found a t lower concentrations of Lasoe. The higher doses 
(variants I I I  and  IV) w ith  some antagonists increased and w ith  others 
dim inished the  antifungal activ ity . S train  No. 22 under the influence of the 
highest of the tes ted  doses (variant IV) en tire ly  lost its antagonistic ac tiv ity  
to  Pythium debaryanum and  Rhizoctonia solani. One actinom ycète strain  
can be influenced in such a w ay as for exam ple s tra in  25 in varian ts  (I, I I  
and I I I )  increases its fungicide ac tiv ity  tow ards Pythium debaryanum and 
dim inishes it  tow ards Rhizoctonia solani. This ac tiv ity  of the herbicide can 
be explained, if we assume th a t  one stra in  can produce several antib io tic 
substances, and  the biosynthesis o f only one of them  is inhibited.

Sim ilar to  the ac tiv ity  of the herbicide Lasoe is the effect of the rem aining 
investigated  herbicides. I t  is characteristic th a t  the actinom ycete-an tag
onists, whose antib io tic ac tiv ity  is s tim ulated  by sm all concentrations 
of the herbicide (varian t I  and II), do no t exhib it antagonistic ac tiv ity  
tow ards a given te s t fungus a fte r its trea tm en t w ith a herbicide if they  
had no such properties before th a t.

I f  we com pare the ac tiv ity  of the doses of herbicides used in practice 
(variants I  and  II) , on Alternaria it can be seen th a t the different herbicides 
affected differently. In the case of Lasoe the stim ulation was predom inant. 
W ith  the herbicides Treflan and Se merőn — the inhibiting ac tiv ity  was 
dom inant (w ith Treflan trea tm en t 8 out of 15 investigated  strains dim inished 
their ac tiv ity ; w ith Semeron 6 out of 12 stem s decreased their antagonistic 
activ ity). The herbicide R am rod p redom inantly  stim ulated  the ac tino
m ycete-antagonists (10 ou t of 12 strains were stim ulated). The herbicide 
Semeron did n o t (as regards the an tib io tic  ac tiv ity  10 of the 15 strains 
increased in th is respects) ex ert any influence on m ost of the actinom ycète 
strains w ith antagonistic ac tiv ity  (from 11 investigated  strains — 3 were 
stim ulated , 2 inh ib ited  and  6 were n o t affected).
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T able 1
Effect of the herbicides Lasoe, and Treflan  on the antibiotical activity of 

actinomycètes expressed along the diameter of the inhibitory zone ( in  m m )

L a s o e  T r e f l a n

Test fungi Variants Number of the actinomycète strains

2 9 10 11 22 24 25 2 9 10 11 15 19 20

Alternaria c 28 20 22 25 24 21 34 28 20 22 25 22 23 28
tenuis I 30 20 22 24 20 22 34 29 20 23 30 23 24 0

II 30 28 22 28 20 24 30 26 21 24 26 24 22 0
111 33 30 28 28 16 26 30 24 29 24 20 24 23 0
IV 34 24 23 23 16 24 30 24 18 24 0 26 18 0

Pythium c 21 20 20 16 20 12 18 21 20 10 16 0 13 17
debaryanum 1 22 20 18 19 17 22 21 20 0 16 16 0 13 0

11 24 20 16 20 13 18 26 i6 0 16 15 0 16 0
111 24 20 16 19 13 13 40 14 0 17 16 0 16 0
IV 20 16 15 16 0 16 18 12 0 12 20 0 10 0

Rhizoctonia c 28 20 22 28 26 24 29 28 20 22 28 27 20 22
solani I 28 21 26 26 27 20 25 26 23 20 23 23 20 0

11 20 24 28 26 22 20 20 26 24 20 22 22 19 0
111 22 24 24 27 21 20 20 25 30 20 21 21 20 0
IV 14 29 22 30

°
20 18 25 22 17 22 18 IS 0

Fusarium c 21 21 20 25 18 13 24 21 21 20 25 27 21 25
oxys'porum I ! 22 20 20 28 18 14 26 20 21 20 21 24 20 0

и 28 21 20 20 20 18 21 19 20 20 20 17 20 0
111 26 24 20 22 20 19 21 20 18 19 16 16 20 0
IV 19 20 18 14 99 99 99 20 10 20 12 16 16 0

Sclerotinia c 3.') 28 26 28 20 22 28 35 28 26 28 26 22 15
sclerotirorum I 30 30 30 28 24 21 28 28 28 28 28 26 20 14

11 30 32 32 31 28 22 30 26 28 29 30 23 21 14
111 32 34 34 28 28 22 30 24 28 32 34 23 20 15
IV 20 26 25 30 28 19 28 24 28 27 21 21 19 18

V erticillium c 30 30 30 33 26 30 30 30 30 30 33 20 20 18
albo-atrum 1 30 26 30 30 26 26 30 28 30 28 30 28 28 20

11 30 24 27 26 24 25 31 28 32 20 30 28 28 19
111 28 20 26 18 25 20 30 26 30 24 29 28 28 20
IV 30 20 22 16 26 20 30 26 29 24 30 30 26 20

C =  contro l.
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Table 2
Effect of the herbicides Ramrod and Semeron on the antibiotical activity 

of the actinomycètes, expressed in  diameter of the inhibitory zone ( in  mm )

Test fungi Variants

R a m r o d S e m e r n

Number of the actinomycète strains

1 2 3 4 8 9 10 11 1 2 3 11 19 20

Alternaria c 28 28 20 18 22 20 22 25 28 28 20 25 23 28
tenuis I 30 29 0 20 24 28 30 30 30 28 20 21 23 28

i l 34 34 0 22 24 28 32 34 28 28 21 21 22 16
i n 38 40 0 22 26 28 29 31 28 28 22 14 20 13
IV 29 29 0 21 26 26 30 27 28 26 22 14 20 12

Pythium c 23 21 0 19 25 20 20 16 23 21 0 16 13 17
debciryanum I 20 18 0 18 18 22 20 17 24 17 0 16 14 18

11 20 18 0 16 18 24 20 18 25 16 0 16 13 13
I I I 18 17 0 12 14 18 20 20 19 15 0 16 13 0
IV Hi 14 0 10 13 18 20 20 16 15 0 12 12 0

Rhizoctonia c 26 28 0 13 26 20 22 28 26 28 0 28 20 22
solani 1 27 28 0 14 20 28 21 24 26 26 0 28 24 16

I I 30 30 0 13 18 26 20 24 25 26 0 28 24 14
TIT 34 30 0 13 26 20 22 25 21 0 28 24 0
IV 30 30 0 12 26 20 20 25 21 0 27 20 0

Fusarium c 20 21 0 13 14 21 20 25 20 21 0 25 21 25
oxysporum I 22 26 0 18 14 20 24 26 24 21 0 29 26 28

I I 22 24 0 18 20 21 24 26 23 20 0 23 21 12
I I I 31 20 0 14 23 20 22 30 20 20 0 16 18 10
IV 16 12 0 14 20 21 21 21 16 16 0 0 16 10

Sclerotinia c 30 30 10 18 27 28 26 28 30 30 10 28 22 23
sclerotiorum 1 30 30 0 20 26 29 26 26 30 29 18 28 23 20

11 30 29 0 19 25 30 25 25 30 27 22 30 23 18
II I 29 28 0 18 26 31 26 23 30 28 24 36 21 16
IV 29 29 0 18 26 20 26 20 30 28 20 29 20 16

V ért icillium c 30 30 30 28 30 30 33 30 30 30 33 22 18
albo-atrum I 32 30 28 27 — 30 30 30 30 24 20 30 23 18

I I 31 30 28 27 28 30 30 30 22 21 26 22 16
I I I 31 29 27 24 21 30 26 30 21 20 20 22 14
IV 30 30 20 24 21 30 26 30 21 20 20 22 14
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The established ac tiv ity  of the studied herbicides on the actinom ycète - 
antagonists was confirmed by the results received in the additional testing 
of all the 43 strains of actinom ycètes w ith antifungal effect. The results 
from  all these tests cannot be p resen ted  fully here and  for this reason we 
shall confine ourselves in giving only some o f the resu lts in the form of 
two tab les a ttached .

In  the  course of the experim ents we established th a t some noticeable 
differences in the grow th and  the developm ent of the actinom ycètes are 
n o t to  be observed and  only th e ir ac tiv ity  changed.

1. The influence of the studied herbicides on the an tib io tic ac tiv ity  of 
the actinom ycètes w ith  an tifungal activities varied. Some of the ac tino
m ycètes strains were stim ulated , others were inhibited, and  others were 
no t influenced a t all.

2. B oth  the stim ulating  and  the inhibiting  influence of the herbicides 
depended on their concentrations. In  m ost cases the increase in the a n ti
biotic ac tiv ity  was observed on the effect of small doses of herbicides 
(varian ts I  and  II) , b u t in some strains there was a stim ulating influence 
both  in the lower and  the higher doses (variants I I I  and  IV).

3. A given actinom ycètes strain  can be influenced by  the  herbicides in 
such a w ay th a t  tow ards some of the te s t fungi it increased its  antagonistic 
ac tiv ity  while tow ards o thers it  dim inished it.

4. F rom  a microbiological po in t of view, the  best herbicides are Lasoe 
and  R am rod, because th ey  have practically  no negative influence on the 
soil actinom ycètes w ith  an tifungal effect. On m ost of the te s ted  strains 
th ey  have a stim ulating  effect. The herbicides Treflan and  Semeron decrease 
abou t half of the actinom ycète strains w ith a fungicide ac tiv ity  to  Alternaria 
tenuis.

SU M M A R Y

The influence and  the effect of the herbicides: Lasoe, Treflan, Semeron 
— 25 and  R am rod on the grow th and  the developm ent of actinom ycètes 
possessing different degrees of an tifungal ac tiv ity  was studied.

The effect of the different concentrations of the  herbicides on actino
m ycètes was established which have antagonistic properties in relation to  
phytopathogenic fungi and  o ther microorganisms.
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ACTION OF SIM AZ I NE ON THE ANTIBIOTIC ACTIVITY OF 
MICROSCOPIC SOIL FUNGI

S. Vla h o v , L. D am yakova , G. G o usterov  a n d  L. K am enova

DEPARTMENT OF MICROBIOLOGY AND VIROLOGY,
FACULTY OF BIOLOGY, UNIVERSITY OF SOFIA, SOFIA, BULGARIA

The tendency  to  the constan t rise in the num ber of herbicides used in 
practice led to  the problem  of studying  th e ir influence on the soil m icro
flora. Most of the studies in this field are concerned w ith  the influence 
of the herbicides on soil bacteria, while their influence on the microscopic 
fungi and  moulds has no t been sufficiently investigated.

K lyuchnikov and  P e tro v a  (1960) report th a t  2,41) inhibits the develop
m ent of Trichoderma in the rhizosphere of young oak trees. A t the same 
tim e the au thors have observed an increase in num ber of the representatives 
of the Pénicillium sp. and  a certain  increase of the Aspergillus sp.

R odriguez-H abana e t al. (1968) established th a t the  effect of herbicides 
depends on the concentration in which they  are used. The au thors established 
th a t A trazine in troduced into the soil in a dose of 8 g/1 kg stim ulates the 
grow th of Sclerotium rolfsii, while in g reater doses inhibits the fungus 
grow th. The investigations of o ther au thors (Ivanova 1968; B akalivanov 
1969; Fields, Hem phill, Virág 1959; Pántos et al. 1964; Voderberg 1961) 
show th a t some of the herbicides inhibit and others have no effect on 
the different kinds of microscopic fungi and  moulds.

In  the soils of B ulgaria the fungal-antagonists are very  w ide-spread 
and  their influence and  im portance for the clearing of the soils is very  
great, especially for the clearing of the soil from  phytopathogenic m icro
organisms (B akalivanov 1962; Vlahov 1964). Taking th is consideration 
into account, we have set as our task  to  analyse and  stu d y  the influence 
of Simazine on the microscopic soil fungal-antagonists of bacteria, fungi 
and  derm atophytes.

M ATERIAL AND METHODS

The effect of the herbicide was stud ied  on the fungal-antagonists in 
“ chernozem sm olnitza” (black ea rth  sm olnitza) soil type. The te s t was 
conducted in four varian ts, tre a ted  w ith  different doses of Simazine: 
V arian t I  — 5 mg in 1 kg of soil; V ariant I I  — 10 mg in 1 kg of soil; V ariant 
I I I  — 20 mg in 1 kg of soil; V ariant I V — 100 mg in 1 kg of soil. As a control 
soil n o t tre a ted  w ith  herbicide was used. The te s t sam ples were taken  for 
analysis 48 hours, 72 hours, and  7 days a f te r  the in troduction of the h er
bicide in to  the soil, from  two soil layers: a t a dep th  of less th an  5 cm and 
5 —10 cm. The isolation of the microscopic fungi was achieved on beer 
agar inoculated  w ith  0.1 ml soil suspension (dilution 1:100). The an tag o 
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nistic properties of the isolated fungi were studied according to  the m ethod 
of the agar blocks (Egorov 1964) on 12 types of m icroorganisms: Bacterium 
tumefaciens, Staphylococcus aureus, Escherichia coli, Bacillus cereus, Azoto- 
bacter chroococcum, Saccharomyces cerevisiae, Aspergillus niger, Fusarium  
nivalae, Fusarium oxysporum, Fusarium moniliforme, Alternaria tenuis and  
Trichophyton mentagrophytes. The influence of Simazine on the antagonistic 
properties of the soil fungi was established by com paring the num ber of 
the  antagonists w ith  the control and  the different varian ts of the experim ent. 
The te s t m icroorganisms were cu ltivated  on the following n u trien t m edia 
bac teria  on MPA, A shby and  p o ta to  agar, the  phytopathogenic fungi — on 
beer agar and derm atophy tes — on the medium  of Sabouraud. Identification 
of the fungal-antagonists on specific level was achieved by m eans of the 
determ ining key of Gilman (1957) and  K ursanov (1956).

R E S U L T S

I t  was established th a t w ith  rise of the concentration of the Simazine 
and  the  continuation of its  action there  is a d im inution of bo th  the to ta l 
num ber of the  microscopic fungi and  the  num ber of the antagonists 
(Table 1). Simazine shows depressing effect on the antagonists irrespective 
of the degree of th e ir antagonistic activ ity . A fter trea tin g  the soil w ith 
100 mg of herbicide for 1 kg of soil there are only individual antagonists 
found there. The inhibiting effect of Simazine is m ore strongly expressed

T a b le  1
The effect of S im azine on the occurrence of the fungal-antagonists

Number of the variants

Number of 
isolated and 

examined 
strains

Number of antagonists

Total
number Strong Medium Weak

1. Control (not treated  with herb.) 83 37 11 14 12
2. V ariant I (5 mg/kg)

a) after 48 hours 62 21 7 7 7
b) a fter 72 hours 7 2 0 2 0
c) after 7 days 4 4 0 2 2

3. V ariant I I  (10 mg/kg)
a) after 48 hours 35 1 1 0 3 8
b) after 72 hours 4 0 0 0 0
c) after 7 days 8 2 0 0 2

4. Variant I I I  (20 mg/kg)
a) after 48 hours 21 10 5 5 0
b) after 72 hours 10 3 1 1 1
c) after 7 days 8 5 0 4 1

5. Variant IV (100 mg/kg)
a) after 48 hours 12 3 1 2 0
b) after 72 hours 9 1 0 1 0
c) after 7 days 5 1 0 1 0

N o te :  S tro n g  a n ta g o n is ts  —  in h ib i to ry  zo n e  m o re  th a n  30 m m  in  d ia m e te r .M e d iu m  
a n ta g o n is ts  —  in h ib i to ry  zo n e  20— 30 m m  in  d ia m e te r .

W e a k  a n ta g o n is ts  —  in h ib i to ry  zo n e  1— 20 m m  in  d ia m e te r .
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in the  surface layer of the soil a t  a dep th  of less th an  5 cm (Table 2). In  this 
dep th  of the  u n trea ted  soil w ith  herbicide, more microscopic fungal-an tag
onists are observed th an  in the bigger d ep th  of soil (5— 10 cm). In  bo th  
of the soils tre a ted  w ith  different doses of Simazine alm ost an  equal num ber 
of antagonists were observed a t  a dep th  less th an  5 cm and  in th a t  a t  a 
dep th  of 5—10 cm.

T ab le  2
Number of the fungal antagonists from, different depths 48 hrs, 72 hrs and 

7 days after the introduction doses of Sim azine into the soil

After 48 hours After 7 hours After days

Variants D e p t h s

to 5 cm 5—10 cm to 5 cm 5—10 cm to 5 cm 5—10 cm

1. Control (not treated with herbicide) 23 14 23 14 23 14
2. V ariant I (5 mg/kg) 10 10 0 0 1 I
3. Variant 11 (10 mg/kg) 10 11 1 0 2 2
4. V ariant 111 (20 mg/kg) 5 5 1 2 3
5. Variant IV (100 mg/kg) 1 0 1 2 0 0

The inhibiting effect o f Simazine on the fungal-antagonists, varied 
according to  the genera. Especially strong is the effect on the rep resen t
atives of the species of Pénicillium  and Aspergillus. The antagonists of 
the Trichoderma are inh ib ited  only by the highest concentrations exam ined 
of the herbicides (100 mg/kg). There is no effect of the herbicides on fungi 
Trichoderma lignorum, Pénicillium notatum, Aspergillus flavus, Aspergillus 
terreus, Paecilomyces varioti and  Fusarium cephalosporium which show a 
strong an tibac teria l and  anti-fungal activ ity . There is no influence on 
th e ir an tib io tic ac tiv ity  even w ith  the highest concentration of the tested  
herbicide. These antagonists are, however very  rarely  found in investi
gations of soil types and  th ey  m ake only 30%  of the  to ta l am ount of 
microscopic fungi, possessing antagonistic properties.

SUM M ARY

1. Simazine exerts an  inhibiting effect on the soil fungal-antagonists, both  
in low and  in higher concentrations. This inhibitory  effect was stronger 
the higher the  concentration of the herbicide and  the longer of the  time 
of its  ac tiv ity .

2. The inhibiting  effect of Simazine was established in bo th  the exam ined 
soil d ep th  b u t it  is stronger in the surface soil a t  a dep th  less th an  5 cm.

3. The fungal-antagonists from  the different species are no t equally sensitive 
to  the effect of Simazine. I ts  effect is especially strong on the rep resen ta
tives of the  species: Pénicillium  and  Aspergillus.

4. Simazine has no effect w hatsoever on the antagonists of the species 
Trichoderma lignorum, Pénicillium notatum, Aspergillus terreus, Paecilo
myces varioti and  Fusarium cephalosporium which exhib it a  strong an ti
bacterial or anti-fungal activ ity . There is no inhibiting effect on their 
an tib io tic  ac tiv ity  e ither w ith low or higher concentrations of herbicides.
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B EH A V IO U R  OF SOME H E R B IC ID E S  U SED  FO R  W E E D  CONTROL 
IN  V IN EY A R D S ON D IF F E R E N T  SOILS

E. M a n n i n g e r  and  J .  S z á v a

RESEARCH IN ST IT U T E OF SOIL SCIENCE AND AGRICULTURAL CHEM ISTRY OF TH E HUNGARIAN 
ACADEMY OF SCIENCES AND RESEARCH IN ST IT U T E FO R  VITICULTU RE AND OEXOLOGY,

BUDAPEST, HUNGARY

Afalon and  Arezin are recom m ended a t p resen t for chemical weed control 
in vineyards. They have the disadvantage of no t being able to  kill in a 
satisfactory  way besides the m onocotyledonous weeds. Convolvulus arven- 
sis one of the  m ost w idespread weeds of the vineyards. In  areas trea ted  
only w ith  Afalon, the  weeds develop to  such ex ten ts  th a t  it reaches the 
conditions of territo ries getting  no chemical weed control a t all.

The 3 years long experim ents carried ou t a t the Research In s titu te  for 
V iticulture and  Oenology has shown th a t a combined substance containing 
40%  p-chlorophenoxv acid-i-propvlester, 30%  A ktikon P K  (90%  2-chlor- 
-4-ethyl-am ino-6-isopropylam ino-s-triazin) and  30%  supplem entary  m ate 
rials kill, besides o ther weeds, Convulvulus too. Due to  results of the 
experiences the m entioned herbicide m ust be adm in istrated  every second 
year besides Afalon to  kill the Convolvulus too.

M A T E R IA L  A N D  M ETH O D S

P o t cultures were used in the experim ents. Soils used were collected from 
the E xperim ental S tations of the R esearch In s titu te  for V iticulture and 
Oenology (B udapest) s itu a ted  in K ecskem ét—M iklóstelep and  in Tarcal. 
The w ater con ten t of the soil was ad justed  in case of the first soil (a 
sandy-soil) to  10 and  25%  of its m axim al w ater-holding capacity  w herein  
the  second soil to  25 and  40%  of the w ater-holding capacity, and  both  
were held a t  this level during the whole experim ent. The herbicides were 
added  according to  the practical dosage of 18 kg per hectare and  their 
tenfold  am ount: a t  its  calculation the surface of the culture po ts was 
tak en  in to  consideration. W atery  suspensions of the herbicides were 
m ade and  in this form they  were added to  the surface of the soils in 
order to  secure their hom ogeneity. Samples were taken  of the same q u an tity  
(6.28 cm3) from  3 p arts  of every culture p o t and  the sam ples were shaken 
in 100 ml of Sprensen’s buffer solution during 15 m inutes. The soil solu
tions were then  cleaned from  the soil particles through a filter and  from  every 
sam ple 1 ml was tak en  out w ith  a p ipette  and  was p u t in a reaction-vessel.

The resp iration  of the microorganisms was m easured by the  W arburg- 
technique.

R E SU L T S A N D  C O N C LU SIO N S

Before using the above-m entioned com bination of herbicides a m icro
biological investigation of the soil m ust be carried out to  be sure abou t 
the  effect of the herbicides on the soil m icroorganisms. W ith th is aim  the

24 369



in tensity  of resp iration  of every  m icroorganism  found in the soil was 
investigated  to  see the  effect of the herbicide on th is function; furtherm ore 
we have exam ined w hether the  w ater-con ten t of the soil does n o t influence 
the process under exam ination.

The tw o soils of K ecskem ét—M iklóstelep and  T arcal were chosen because 
th ey  are from  the m ost im p o rtan t areas as regards q u an tity  and  quality  
of w ine-production. The tw o soil types were also very  different: the first 
was a loess sandy-soil, the  second a more com pact one. The w ater-holding 
capacity  and  some characteristic features of the soil were determ ined.

H um us-conten t of the sandy-soil was 0.30% , its pH  value was 7; 
hum us of the  loess =  0.79, its  p H  value =  7.3, value of U. L. P .: 21.1.

The consum ption of oxygen was m easured every  hour and  the sum  o f 
the resu lt in  0 2-conten t is illu stra ted  by  four figures.

A fte r trea tin g  the loess soil we did no t find a definite connection betw een 
the respiration of the microorganisms and  the herbicide effects. This can 
be explained perhaps by  the  absorption o f the herbicide used.

In  case of the sandy-soils the  two different w ater-conten ts did  n o t show 
any  difference in the  resp iration-in tensity  of the microbes b u t the reaction 
concerning in tensity  of herbicide-concentration was definite. The d a ta  are 
shown by  an axial-system  in function of tim e. In  Figs 1 and  2 we presen t 
the oxygen consum ption m easured in the soils used a f te r  trea tm en ts  w ith  
herbicides of 0 .3%  concentration. We can notice, th a t  the tw o soils of 
different w ater-con ten t b u t getting  the same herbicide-concentration hard ly

Fig. 1. Tho effect o f 0 .3%  herb icides (added to  th e  sand  con ta in ing  10% 
w ater) on th e  re sp ira tio n  o f  soil m icroorganism s. W a te r co n ten t: 10% , 

--------con tro l, - - - - C onvulan  (com bined herb icide), -----------  A falon
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Fig. 2. T he effect o f 0 .3%  herb ic ides (added to  th e  sand  con ta in ing  25%  
w ater) on th e  re sp ira tio n  o f soil m icroorganism s. W a te r c o n ten t: 25% , 

-----— c o n tr o l ,------ C onvulan  (com bined h e rb ic id e ) ,-----------A falon

differ from  each o ther. The sam e is to  be seen in Figs 3 and  4 showing 
oxygen consum ptions as affected by the herbicide of 3% .

The difference is strik ing when com paring the  resp iration  of m icro
organism s living in sandy-soils of the same w ater-con ten t w ith various 
concentrations of herbicides.

The respiration was definitely inh ib ited  by  a  higher concentration and  
th is inhibition did no t cease a fte r 60 days. I t  m ust be noted, th a t  such 
a  high dosage is never used in practice.

Fig. 3. T he effect o f  3%  herb icides (added  to  th e  sand  co n ta in in g  10% 
w ater) on th e  re sp ira tio n  o f  soil m icroorganism s. W a te r c o n ten t: 10% , 

— •— con tro l, - - - - C onvulan (com bined herbicide), ---------  A falon
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F ig . 4. T he effect o f 3%  herb ic ides (added  to  th e  sand  con ta in ing  10% 
w ater) on th e  re sp ira tio n  o f  soil m icroorganism s. W a te r-co n ten t: 25% , 

—  — con tro l, - - - - C onvulan (com bined herb icide), ---------  A falon

SUM M ARY

Afalon and  Arezin are recom m ended for weed control a t  present. They 
have a disadvantage: besides the control of monocotyledonous weeds, 
which are very  w ide-spread in vineyards, the Convolvulus arvensis is no t 
controlled by them  in a satisfactory  way. A com bination of 40%  p-chlor- 
phenoxyacetic-i-propylester. 30%  A ktikon P K  (90%  2-chlor-4-ethyl-am ino- 
-6-isopropyl-am ino-s-triazin) and  30%  supplem entary  m aterial is able to  
kill, besides o ther weeds, Convolvulus too. Before using the weed-killers, 
in the above-m entioned com bination its  effect m ust be investigated  on 
the microorganisms of the soil, by means of microbiological soil-exam ination. 
We used for our experim ents po t-cu ltu res filled w ith  two different soil- 
types. The first one originated from  the E xperim ental S tation situated  
on the sandy  soil of K ecskem ét — M iklóstelep of the R esearch In s titu te  
for V iticulture and  Oenology (Budapest), the second from  the loess soil of 
Tarcal of the sam e R esearch In s titu te . R espiration of the microorganisms 
was m easured w ith the W arburg apparatus. A fter trea tin g  the loess we 
could not find a definite connection between the in tensity  of respiration 
of microorganisms and  effects of the herbicides. In  case of sandy-soils the 
two different w ater-conten ts did no t show any  difference in in tensity  of 
microbe respiration b u t the effect of the different herbicide concentrations 
was the same. The d a ta  were shown by an axial system  in function of time.
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BIOLOGICAL ACTIVITY OF C ER TA IN  H E R B IC ID E S  ON 
M ICROSCOPIC SOIL FU N G I

D. B a k a l i v a n o v

“ X. PUSH KAROV” IN ST IT U T E  OF SOIL SCIENCE, SOFIA, BULGARIA

The use of herbicides in agriculture is ever increasing. Along w ith the 
killing of weeds, negative phenom ena occur in the soil w ith the soil m icro
organism s and  biological processes. Arnold e t al. (1966) have shown soil 
trea tm en ts  w ith  2,4-D and  herbicides of sim ilar com position to  provoke 
excretion of toxic m a tte r  of certain  microscopic soil fungi. According to 
P enner (1967) o ther herbicides inactivated  some enzymes. Certain herbicides 
were found by o ther au thors (B akalivanov and Nikolova 1969; B ak a
livanov 1969, B akalivanov and  Nikolova 1969b) to  cause a qu an tita tiv e  
decrease of the useful soil microflora while some herbicides stim ulated  the 
microbiological processes in the soil.

The biologic activ ity  of herbicides used should therefore be thoroughly 
studied w ith a view to  acquire com plete knowledge of th e ir effect on 
soil microorganisms.

M A T E R IA L  A N D  M E T H O D S

The au th o r analysed the effect of a num ber of herbicides on 5 w idespread 
microscopic fungi species viz.: P a e c i lo m y c e s  v a r io t i ,  A s p e r g i l l u s  n ig e r ,  A s p e r 
g i l l u s  f l a m s ,  A s p e r g i l l u s  t a m a r i i  and  P é n i c i l l i u m  fu n i c u l o s u m .  The following 
triazine herbicides were used: A trazine, P rom etryne and Sam inol, p re p a ra 
tions on the basis of dichlorophenoxyacetic acid: 2,4-D and  D ikotex and 
the ones based on urea as Afalon and  Cotoran as well as m ixed Sem parol 
(based on triazine w ith dichlorophenoxyacetic acid). F o r th is purpose 10- 
day-old pure cultures of the m entioned fungi were incubated on Czapek’s 
medium, containing herbicides in the usual doses used in practice. Analyses 
were carried ou t by determ ining the  mycelium  of dry  weights of these fungi, 
the in tensity  of their respiration (C 02 excretion) and synthesis of the 
catalase and urease enzymes. The reaction of the fungi culture liquid 
was also determ ined w ith a  view to  study  th e ir acidifying power as affected 
by the individual herbicide.

R E S U L T S

R espiration tests w ith  studied fungi showed the inh ibition  effect of 
triazine herbicides A trazine, P rom etryne and  Saminol on the excretion of 
C 0 2 (Fig. 1). 2,4-D had  a sim ilar effect though no t on all fungi studied. The 
o ther investigated  herbicides did not d istinctly  affect the fungi te s ted  except
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Fig. 1. C 0 2 elim ination ; ca ta la se  and  u rease o f  ce rta in  m icroscopic fungi, tre a te d  
w ith  d ifferen t herb ic ides (C 0 2 m g p e r  1 g  m ycelium )

P a e c i lo m y c e s  v a r io t i ,  on which alm ost all p reparations used had  a resp ira
tion inhib itory  effect. Such an effect on the soil microflora following triazine 
herbicides (Simazine and  A trazine) trea tm en ts  was dem onstrated  in 
o ther studies too (B akalivanov and  N ikolova 1969, B akalivanov 1969). 
Most herbicides failed to  stim ulate  the  respiration of the fungi studied 
excep t Afalon which stim ulated  distinctly  the resp iration  of P é n i c i l l i u m  
fu n ic u lo s u r n .

As to  catalase enzym e synthesis by  the triazine herbicides A trazine, 
P rom etryne, and  m ixed Sem parol a  certain  inhibition tendency  could be 
observed m anifesting itse lf to  a higher degree against A s p e r g i l l u s  f l a v u s ,  
A s p e r g i l l u s  n ig e r ,  P a e c i lo m y c e s  v a r io t i  (Fig. 2). Only Sem parol had  a 
re la tively  larger field of ac tiv ity  which inh ib ited  nearly  all fungi studied. 
Catalase synthesis tests  showed a  stim u lato ry  effect of D ikotex particu larly  
on the A s p e r g i l l u s  f l a v u s ,  and  A s p e r g i l l u s  n ig e r  fungi.

Of all fungi studied, synthesis o f the urease enzym e was inh ib ited  by 
the triazine herbicide A trazine (Fig. 3). P rom etryne and  Sem parol had a 
clearly expressed inhibiting effect however on A s p e r g i l l u s  f l a v u s  only which 
proved  to  have the highest sensitiv ity  am ong the  fungi studied. A certain  
tren d  tow ards an  inhibiting effect on the excretion of urease was m anifested 
only by  the 2,4-D herbicide am ong all fungi tested . D uring the analyses 
certain  herbicides used were found to  inhibit g reatly  the excretion of the 
urease enzyme. Thus as affected by  the herbicides D ikotex and  Saminol, 
increased enzym e synthesis was m ost clearly expressed w ith A s p e r g i l l u s  
t a m a r i i .

According to  pH  analyses of the culture liquid of these fungi its reaction 
was affected to  a  certain  degree by  the  herbicides used (Table 1). All herb i
cides having an alkaline reaction, the pH  was slightly increased upon 
addition  to  the medium. Some more im p o rtan t changes of the pH  as 
affected by determ ined  herbicides occurred a fte r the fungi had  developed 
thus proving th a t some of the preparations used can modify the

Fig. 2. C ata lase  (m g H 20 2 decom posed p e r 1 g  m ycelium )
T3
a>
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47 3 4

C  c o n t r o l  3  A t r a z i n e  6  S e m p a r o l

1 2 . 4  D  4  P r o m e t r y n e  7  A f a l o n

2  D i k o t e x  5  S a m i n o l

Fig. 3. U rease (N H 3 p e r 1 g  m ycelium )

physiology of the fungi as regards the excretion of acids as well. This is 
an  im p o rtan t aspect of the biological ac tiv ity  of the investigated  fungi 
and  the breakdow n of the  organic m a tte r in the  soil. As affected by the  
prepara tions D ikotex and  Saminol, analyses showed a substan tia l alkalizing 
of the cu ltural liquid during developm ent of all fungi exam ined. This 
process was m ost clearly expressed w ith  the  P e a c i lo m y c e s  v a r io t i  and 
P é n i c i l l i u m  f u n i c u l o s u m  fungi. pH  differences of the varian ts tre a ted  w ith 
the same herbicides were less m arked com pared w ith  the control which 
was still d istinct. Only the A s p e r g i l l u s  n ig e r  fungi were an exception in 
th is respect which probably  due to  the in ten sity  of their acidifying power, 
partia lly  neutralized  the alkalizing ac tiv ity  of the  preparations and  did 
n o t cause substan tia l changes in excretion process of the norm al acids. 
The re levan t specific reaction of some fungi species was confirmed by the 
studies of Rodriguez e t al. (1967) who n o ted  an  increased in tensity  of 
acid excretion under the  effect of A trazine.

Studies on the vegeta tive developm ent of the fungi m ycelium showed 
certain  of the tre a ted  herbicides to  have an inhibiting effect (Table 1). 
The triazine preparation  Saminol proved to  have the m ost m arkedly 
expressed inhibiting effect on the mycelium dry  weight w ith  all te s ted  
fungi. As affected by  the developm ent of the P e a c i lo m y c e s  v a r io t i , mycelium 
was reduced by 50 per cent and  more. The inhibiting effect of the p reparation  
was less m arkedly noticeable on the o ther fungi tested . Significant d a ta  
were ob tained  on m athem atical system atization  of the resu lts of this 
herbicide. Ho clearly expressed effect on the proliferation of the mycelium 
was no ted  w ith the rem aining triazine preparations A trazine and  P rom e
tryne. A significant stim ulating effect of P rom etryne was found only w ith  
the A s p e r g i l l u s  t a m a r i i  and  A s p e r g i l l u s  n ig e r  fungi. The fungi m entioned 
m ight have been more resis tan t to  the  toxic effect of the p repara tion  in 
th is case and  therefore had  only an irrita ting  effect. As a result some weight 
increase of the mycelium of the said  fungi could be noted. The phenom enon 
is also a ttrib u tab le  to  the use of the p repara tion  as a n u trien t source. 
D ichlorophenoxyacetic acid herbicides stim ulated  the vegeta tive develop
m ent of m ost investigated  fungi. A more definite effect was obtained by 
2,4-D. The results of its effect were significant in all cases while D ikotex 
displayed only a low stim ulating effect, hence no significant differences 
were no ted  w ith  m ost of the investigated  fungi. The same herbicides 
inh ib ited  the developm ent of the A s p e r g i l l u s  t a m a r i i  mycelium, a ttr ib u t-
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T able 1
Effect of certain herbicides on p H  and vegetative development of 

certain microscopic soil fung i

Microscopic fungi 
(species) Variants

pH  of culture liquid Weight of dry Mean error 
± m

Safety 
coeiïcient PW ithout 

fungus
With
fungus

mycelium mg on 
20 ml G'zapek

Pear Ноту ces Control 4.30 3.30 188 5.7
varioti 2,4 D 4.85 3.70 234 2.7 4.1

Dikotex 4.80 9.00 201 4.8 2.8
Atrazine 5.15 4.00 207 1.3
Prom etryne 4.65 3.55 191 0.7
Saminol 4.90 8.20 80 7 5.3
Semparol 4.70 3.85 108 11.7 0.5
Afalon 7.60 7.55 162 2.5 1.2
Cotoran 7.65 8.30 158 5.0 2.9

Aspergillus Control 4.30 6.75 173 7
Jla vus 2,4 D 4.85 6.SS 240 6i 3.1

Dikotex 4.80 8.03 236 5 3.7
Atrazine 5.15 7.15 175 8 0.4
Prom etryne 4.65 7.81 87 5.2 0.6
Saminol 4.90 8.85 162 3.9 2
Semparol 4.70 8.82 157 8.9 1.5
Afalon 7.60 7.90 179 2.2 2.6
Cotoran 7.65 8.35 133 2.9 13.5

Aspergillus Control 4.30 5.96 212 4.2
tamarii 2,4 D 4.85 6.34 172 4.3 777

Dikotex 4.SO 8.63 187 4.8 4.8
Atrazine 5.15 6.53 182 3 7
Prom etryne 4.65 6.16 260 3.4 7
Saminol 4.90 8.12 176 4.3 3.9
Semparol 4.70 6.93 273 1.7 2.9
Afalon 7.60 5.10 191 2.0 7.0
Cotoran 7.65 8.30 186 2.0 10.8

Aspergillus Control 4.30 2.50 189 8.6
niger 2,4 D 4.85 2.94 285 5.3 4.3

Dikotex 4.80 3.50 223 7 0.8
Atrazine 5.15 3.00 160 9 1.6
Prom etryne 4.65 2.77 244 2 5
Saminol 4.20 3.40 140 118 4.8
Semparol 4.70 3.03 199 7.9 0.6
Afalon 7.60 2.80 179 1.3 7.5
Cotoran 7.65 2.30 1.51 1.9 2.0

Pénicillium Control 4.30 4.70 182 3.4
funiculosum 2,4 D 4.85 5.15 220 2.7 3.0

Dikotex 4.80 3.05 206 9 1.6
Atrazine 5.15 3.98 176 1.7 3.7
Prom etryne 4.65 4.13 203 10 2.6
Saminol 4.90 7.32 130 10 3.8
Semparol 4.70 4.32 177 10 0.6
Afalon 7.60 4.70 198 2.6 3.0
Cotoran 7.65 4.50 174 0.9 1.6
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able to  the higher sensitiv ity  of th is fungus tow ards these preparations. 
A sim ilar toxic effect of 2,4-D on the proliferation of certain  fungi was 
observed by  Arnold et al. (1966) w ith slightly increased doses. According 
to our investigations the usual doses had  an inhibiting effect w ith  some 
more sensitive fungi species and  a stim ulating one for o ther fungi. The 
favourable influence of the dichlorphenoxyacetic acid preparations on the 
developm ent of the mycelium  of the studied fungi is a ttrib u tab le  to  its 
physiological ac tiv ity  on certain  p lan t tissues, chiefly m anifested by their 
proliferation (Audus 1963). Most p robably  this acid has a sim ilar effect 
w ith respect to  the m ycelium of the fungi as well.

Of U rea herbicides used, the C otoran prepara tion  had an inhibiting 
effect on the developm ent of the m ycelium of alm ost all analysed fungi.

SUM M ARY

1. The triazine herbicides A trazine, P rom etryne and  Saminol had  an 
inhibiting effect on the respiration of all fungi analyzed. Some of these 
p reparations, as well as Semparol, inh ib ited  the synthesis of the catalase 
and  urease enzymes of certain  fungi. V egetative developm ent of some of 
them  was affected negatively  by  Saminol and  excretion of urease was 
stim ulated.

2. The dichlorophenoxyacetic acid herbicides 2,4-D and D ikotex had a 
stim ulating  effect on the developm ent of the mycelium of m ost fungi. 
2,4-D showed a more d istinct effect. A stim ulating effect of D ikotex was 
no ted  in respect to  the catalase synthesis and particu larly  to  th a t of the 
urease of certain  fungi.

3. Of the u rea  herbicides Afalon showed a clearly expressed stim ulating 
effect on the respiration of Pénicillium funiculosum. The Cotoran prepara tion  
inh ib ited  the mycelium  of all exam ined fungi.
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IN T ER A C TIO N  B E T W E E N  SOIL M ICROFLORA AND H E R B IC ID E
AGELON

N. M i c e v  and  M. B ttb a lo v

FACULTY OF A GRICULTURE AND FO RESTRY , STATE U N IV ERSITY , SK O PJE , YUGOSLAVIA

In  the last ten  years m any studies have been conducted on the in teraction  
betw een herbicides, applied to  the soil, and  soil microflora. T hey indicate 
tw o effects of g reat practical significance. One is a lteration  of the chemicals 
th rough  the  physiological activ ities of microflora, leading to  the  dis
appearance more or less of the weed controlling agent. A nother involves 
the  po ten tia l inhibition of the chemicals, e ither to  the to ta l soil m icro
flora or to  separate groups of m icroorganisms, which are essential for soil 
fertility .

S tudying  this problem , our investigation up to  now are concerned m ainly 
w ith  the influence of herbicides upon soil and  rhizosphere microflora 
(Micev and  Bubalov 1969a, 1969b, 1969c; Micev 1970). The experim ents 
described in this paper, were undertaken  to  study  the effect of herbicide 
Agelon on soil microflora, as well as tolerance and  m etabolism  of herbicides 
by some isolated bacteria.

M A T E R IA L  A N D  M ETH O D S

In  experim ents repo rted  here, the herbicide Agelon was used in doses 
of 3 kg/ha. The plots p lan ted  w ith  maize culture, were located on alluvial 
soil type. Sam pling was carried ou t twice, in one m onth  in terval, from  
herb ic ide-treated  and  u n trea ted  plots. The first sam pling was tak en  in 
May, ten  days a f te r  tre a tm e n t w ith  herbicide, and  the second sam pling 
in June, one m onth  later. The following groups of microorganisms were 
investigated; aerobic heterotrophic bacteria, aerobic spore-form ing bacteria, 
actinom ycètes, fungi, aerobic N-fixing bac teria  and  aerobic cellulolytic 
microflora. M ethods and  m edia used are described in our earlier paper 
(Micev and  B ubalov 1969c).

F rom  herb ic ide-treated  soil samples, several characteristic species of 
Arthrobacter were isolated, which were investigated  for tolerance and  
m etabolism  of Agelon. Since herbicide Agelon consists of a com bination of 
A trazine and  P rom etryne, we investigated  them  separately . The tolerance 
of bac te ria  was investigated  in tw o varian ts, one w ith  2%  and  another 
w ith  5%  added glucose on flat agar media. To both  v arian ts  herbicides 
(A trazine and  P rom etryne) were added  also in concentrations of 0.1% ,
0.5% , and  2% , in active ingredient; for controls, the p lates w ithout h e r
bicides were used.

Iso la ted  strains of bac te ria  species which developed in colonies were 
inoculated  w ith  the  loop on 3 spots, of such p rep ara ted  media. E ach  strain
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of bac teria  was inoculated  on 3 P e tri dishes and incubated a t 25 °C for 
8 days. The developed colonies were afterw ards m easured. The average 
size of 9 colonies in cm was taken as the final value. On the basis of grow th 
and  average size of colonies the effect of herbicides was estim ated, respec
tively  the tolerance of bac teria  to  various concentrations of herbicides.

Since the Arthrobacter No 11 and  23 proved distinct tolerance to  the 
herbicides th ey  were then  exam ined for utilization of herbicides as the 
sole source of carbon. F or th is purpose m edia were used which contained 
no carbon besides herbicides in concentrations of 0.1, 0.5 and  2% . The 
utilization of herbicides as a sole source of carbon was estim ated  on the 
basis of grow th and  size of colonies. M edia w ith herbicides, and  m edia 
w ith  usual sugar only as control, were incubated  at 25 °C for 10 days.

R E S U L T S  A N D  D ISC U SSIO N

In  Table 1 are p resen ted  the results of the effect of herbicide Agelon 
(Atrazine and P rom etryne) on soil microflora. At first sam pling depressive 
effect of herbicide on actinom ycètes, aerobic, cellulolytic microorganisms,

T able 1
The effect of herbicide Agelon on soil microflora

Samples
Number in 000 о0 of fertile gre ins

1 4 r> 6

Control I 1,200 600 2,120 23 66.0 72.0
11 31,240 2,660 8,280 177 77.0 64.0

Agelon 1 4,600 1,710 1,600 44 63.0 5 8 .0
I I 21,400 1,950 1,800 220 90.0 66.0

1. A erobic h e te ro tro p h ic  b ac te ria
2. A erobic spore-form ing b ac te ria
3. A ctinom ycètes
4. Fungi
5. Azotobacier
6. C ellulolytic m icroorganism s 

I Sam pling on 23.5
I I  Sam pling  on 26.6

and in some degree on aerobic N-fixing bac teria  are expressed. The other 
groups (aerobic heterotrophic bacteria, aerobic spore-form ing bacteria  and  
fungi) were more or less stim ulated . A t the second sam pling a depressive 
effect was found in the case of aerobic heterotrophic bacteria, aerobic 
spore-form ing bac teria  and  aerobic cellulolytic bacteria, whereas fungi and 
nitrogen-fixers were stim ulated . In  bo th  sam ples fungi were stim ulated , 
while actinom ycètes were depressed.

From  the soil microflora, of the herb icide-treated  plots, several charac
teristic  strains of bac teria  were isolated, which were then exam ined in 
the laborato ry  for tolerance to  A trazine and  Prom etryne. As it is evident 
from  Table 2 two species were to leran t: No. 11 and  23.

According to  the grow th and  size of colonies in cm it  was ev ident th a t 
stra in  11 was to le ran t in concentrations up  to  2%  of A trazine in bo th
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T ab le  2
The tolerance of bacteria to herbicides

_\ umber 
of bacteria Control

2% Glucose 5% Glucose 2% Glue )se % Glucose

0.1% 1 2.0% °.5% ! A ° 0.1% 0.5% 2.0%
A 0.1% 0.5% 2.0%

P 0.1% , 1 2.0"„ 0.3% [ p

2 1 .05* 0 .9 0 .0  ' 0 .0 0 .9 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0  1 0 .0
5 0 .7 0 0.71 0 .0  1 0 .0 0 .0 0 .0 0 .0 0 .7 0 0 .7 2 0 .7 7 0 .6 5 0 .0  1 0 .0
.') к 0 .9 2 0 .8 5 0 .0  0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0  o .o
t) 0 .7 0 0 .0 0 .0  j 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0 0 .0  i 0 .0

11 0 .S 3 0 .7 5 1.21 1 .48 0 .7 2 0 .9 3 1 .48 0 .8 4 0 .91 0 .8 9 0 .8 6 0 .8 5  1 .50
23 1 .43 1.20 1 .3 0  1 1 .5 0 1.10 1 .70 1.80 2 .0 2 .2 0 0 .0 1.10 2 .2 5  j 1 .60

A =  A traz ine  
l’ =  P ro m etry n e  
* =  cm

varian ts, w ith 2%  and  5%  of added sugar. I t  should be em phasized th a t 
the tolerance and  grow th of bac teria  is g rea ter in higher concentrations 
of A trazine, for bo th  varian ts, com pared w ith  the grow th and  size of the 
control (w ithout herbicides); while the average grow th and  size of colonies 
on control m edia was 0.83 cm the colonies on m edia w ith  2%  Atrazine 
were 1.48 cm. The same strain  showed tolerance to  P rom etryne too, especially 
in the v arian t with 5%  sugar and  2%  Prom etryne (Figs 1 and  2).

F ig . 1. T he g row th  o f Arthrobacter spp. 1 I; Left: C ontro l p la te  w ith  2%  glucose only; 
p la te s  above: le ft w ith  2%  glucose and  0 .5%  A traz ine , rig th  w ith  2%  glucose an d  
2%  A traz ine; p la te s  below  : le f t w ith  5%  glucose and  0.5%  A traz ine , r ig h t w ith  5%

glucose and  2%  A traz ine
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F ig . 2. T he g row th  o f Art.hrobacter spp. 11; A bove le ft con tro l w ith  2%  glucose only , 
r ig th :  w ith  5%  glucose an d  0 .1%  P ro m e try n e ; below  le ft: w ith  5%  glucose a n d  0 .5%  

P ro m e try n e , r ig h t: w ith  5%  glucose an d  2%  P ro m e try n e

B acterium  No. 23 also showed tolerance to  herbicides com pared w ith 
the control. The tolerance to  A trazine was ev ident in bo th  varian ts; b u t 
it was more d istinc t w ith  higher concentrations, so th a t  the  largest 
grow th of colonies were on m edia w ith  2%  A trazine. The tolerance to  
P rom etryne of th is stra in  was expressed in bo th  varian ts too, the  largest 
grow th and  tolerance was found in concentration of 5 %  P rom etryne in 
b o th  varian ts. In  varian ts w ith  5%  sugar and  2%  P rom etryne a slight 
depression was noted, while in varian ts w ith 2%  sugar and  2%  Prom etryne 
there was no grow th i.e. herbicide inhibited. This dem onstra ted  th a t the 
higher q u an tity  of sugar (organic m atter) decreases the  depressive or 
toxic effect of the  herbicide (Figs 3, 4).

These tw o d istinct to le ran t bac teria  No. 11 and  23, were a f te r 
wards, exam ined individually  on the possibility of utilizing the  herbicides 
as sole source of carbon, and  in th is w ay of destroying them . The results 
in Table 3 show th a t  s tra in  11 had  a b e tte r  grow th in m edia w ith  Atrazine 
and  P rom etryne, especially in higher concentrations, com pared w ith  the 
control, w ithout herbicides. This m ay have happened w ith  the  utilization 
of carbon and  degradation of herbicides. S train 23 showed also grow th on 
m edia w ith  herbicides, b u t only poorly up to  1%  of P rom etryne, indicating 
a  degradation o f lower in tensity . H igher concentration th an  1 % of P ro m et
ryne had  a depressive influence which has occurred in the  to lerance investi
gation too.
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F ig . 3. T he g row th  o f Arthrobacter spp. 23; p la te  on le f t w ith  2%  glucose an d  0 .5%  
P ro m e try n e , p la te  on r ig h t w ith  2%  glucose an d  2%  P ro m e try n e

T able  3
The u tiliza tion  of carbon from, herbicides by bacteria

Number
Control

Atrazine Prometryne
of bacteria

0.1% 0.2% 0.5% 1.0% 2.0% 0.1% 0.2% 0.5% 1.0% 2.0°/

n 0 .8 3 * 0 .9 3 0 .8 0 1.10 0 .9 2 0 .9 0 1.20
23 1 .43 0 .7 0 0 .7 2 0 .7 8 0 .6 4 0.41 0 .51 0 .71 0 .7 9 0 .0 0 .0

*  =  c m

The results confirmed the  phenom enon th a t  for the effect of herbicides 
on soil microflora, besides n a tu re  the concentration and  mode of application 
of herbicides is also im portan t. The utilization of herbicides as sole source 
o f carbon, and  their degradation by some bacteria, depends on their natu re , 
concentration and  the presence o f organic m atte r, in th is case of sugar, 
too (Grover 1966; McCormick and  H iltbold  1966).

SUM M ARY

In  field experim ents on alluvial soil types the influence of Agelon (Atrazine 
a n d  Prom etryne) on soil m icroflora was investigated. In  bo th  sam pling 
fungi were stim ulated , while actinom ycètes were depressed.

383



Ind ividually  the tolerance of some represen ta tives of species of bacteria  
on A trazine and  P rom etryne was exam ined as well as the possibility of 
using these herbicides as sole source of carbon, and  in th is way of destroying 
them . Arthrobacter sp. 11 showed tolerance to  A trazine an d  P rom etryne 
in bo th  varian ts — w ith  2%  and  5%  sugar added. This bacterium  can 
degrade the herbicides, since it  uses them  as sole source of carbon.

Arthrobacter sp. 23 showed also tolerance to  herbicides and  degraded 
them  utilizing as sole source of carbon. The tolerance and  utilization was 
poorly expressed in P rom etryne. The results confirmed the phenom enon 
th a t  the g reater q u an tity  of sugar (organic m aterial) support the lowering 
of depressive or toxic effects of herbicides.
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M ICROBIOLOGICAL ACTIVITY AND B RE A K D O W N  OF “CASORON” 
H E R B IC ID E  IN  T H E  SOIL

G. N I kői.ova and  D. B akalivanov

PLANT PROTECTION IN ST IT V T E -  KOSTINBROD STATION 
AND “ N. PUSHKAROV” IN ST IT U T E OP SOIL SCIENCE, SOFIA, BULGARIA

M any herbicides used in weed control come in contact w ith  soil micro 
organism s. Owing to  the g reat im portance of m icroorganisms for sop 
fertility  it is necessary to  establish how th ey  are affected by  herbicides.

This s tudy  aim ed to  assess the microbiological effect and  breakdow n 
of Casoron in the soil.

M E T H O D

The effect of the Casoron herbicide on soil m icroorganisms was assessed 
in a field experim ent and in a model one in the  greenhouse under controlled 
conditions. Trials were conducted in 1969 in the experim ental field of the 
P la n t P ro tection  In s titu te , K ostinbrod  on chernozem -sm olnitza soil tyjie 
in a black cu rran t (Ribes nigrum L. var. Europ.) p lan tation . The herbicide 
was applied in the form  of granu lated  actual m aterial, in the dose o f 7.5 
kg/ha active ingredient. Soil sam ples were obtained 2, 20, 30, 60, 90 and  
150 days a fte r trea tm en ts  from  soil layers to  0 —4 and  4 —8 cm respectively.

Microbiological studies were conducted by  p lating  dilu ted  soil suspension 
on agarized n u trien t media. The following im portan t soil m icroorganisms 
were counted: bac teria  on m eat peptone agar; actinom ycètes — on starch- 
am m onium  agar; microscojiic fungi — on Czapek’s medium. M oreover free 
am m onifying bacteria  and  th a t  of the Azotobacter genus were studied.

D etoxication of Casoron was assessed by  determ ining residual herbicides 
in the soil a f te r  a biological m ethod, developed a t the P lan t Growing 
In s titu te , the N etherlands. The experim ent was carried out in four rep li
cations in pots containing 300 g air d ry  soil in each 5 bean seeds (Phaseolus 
vulgaris L.) were sown. P lan ts  were grown in the greenhouse a t 65 of the 
w ater capacity  and  the tem peratu re  was 20—22° C. F resh and  d ry  weight 
of p lan ts  above cotyledons were determ ined 4 weeks a fte r cultivation. 
Herbicide residues were calculated in gam m a active ingredient /1000 g soil.

R E S U L T S

T otal count of am m onifying bac teria  decreased as affected by the herbicide 
used (Fig. 1). F ield experim ent d a ta  on the surface soil (0—4 cm) are 
particu larly  significant in th is connection. Com pared to  the control bacterial 
count was 3 tim es lower in analyses 60 and  90 days afte r trea tm en t. In  the 
lower soil layer their count dim inished as well. Both studies show a gradual
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Fig. 1. B ac te ria  a )  field experim en t, b) g reenhouse experim en t. 
1) con tro l 0 —4 cm ; 2) con tro l 4— 8 cm ; 3) C asoron 0 — 4 cm ; 4) 

C asoron 4— 8 cm

decreasing effect of the herbicide which ceases a fte r the 90th day. Therefore 
analyses on the 150th day  a fte r trea tm en t did no t show any count differences 
of bac teria  in the tre a ted  and  control varian ts. According to  findings, 
m axim al tox ic ity  of the herbicide to  the bacteria  become m anifest only 
a f te r  it  was allowed to  s tay  in the soil for a longer period. Thus the inhibition 
level in the surface soil was highest 60 to  90 days a fte r trea tm en t. This 
phenom enon m ay be due to  the fact th a t herbicide is elim inated  from  
granules and toxic decomposition products develop. The inhibition ac tiv itv  
of the herbicide is lower in the 4 to  8 cm soil layer, a ttrib u tab le  to the 
ra th e r small q u an tity  of actual m aterial available in the soil (Fig. 4). On 
the whole, certain  differences in d a ta  on the model experim ent correlate 
those on the field. Thus, e.g. breakdow n of the herbicides was more 
rap id  due to  optim al tem peratu re  and  m oisture conditions a t the place 
where experim ental po ts were allowed to  stay  (Fig. 4). Therefore the 
m axim al toxic effect became m anifest ujt to  the 20th day a fte r trea tm en t 
and  was more ap p a ren t in the lower layer (4 — 8 cm). Analyses on the 
30th day  a f te r  trea tm en t and  later, showed sm aller differences of the 
to ta l bacterial num ber between trea ted  and  control varian ts. This is

Fig. 2. A ctinom ycètes a )  field experim en t, b) g reenhouse experim ent
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Fig. 3. M icroscopic fung i a )  field experim en t, b) g reenhouse exp erim en t

a ttrib u tab le  to  the enhanced detoxication of the herbicide. Analyses 
carried ou t 150 days a f te r  tre a tm e n t disclosed an insignificant if any 
inhibition effect. Casoron did  no t affect substan tia lly  nitrogen-fixing 
bac teria  of the Azotobacter genus.

In  field trials Casoron affected actinom ycètes in a sim ilar way as bacteria  
(Fig. 2). This group of microorganisms was also inh ib ited  by the herbicide 
and as to  bacterial num ber differences in to ta l num ber, Actinom ycètes 
were less im p o rtan t between trea ted  and  control varian ts. Besides the 
actual m ateria l had a  poor if  any  effect on these m icroorganisms in the 
lower soil layer (4 — 8 cm). C ertain m orphological particu larities of A ctino
m ycètes, such as th e ir ra th e r dense cellular m em brane, reducing the 
penetration  effect of actual m aterials, m ay account for the poorer expression 
of the herbicidal effect.

On the o ther hand  th e ir enzym e system  is stronger as a resu lt o f which 
th ey  are less severely affected by environm ental conditions (Mishustin 
1956). On the whole, d a ta  on the  model experim ent were confirmed by 
the results of the field experim ent. Up to  a certain  ex ten t the la tte r  more 
clearly expressed the inhibiting herbicidal effect in the surface layer (0 — 4 
cm). On the 30th day a f te r  app lica
tion analyses of the lower layer (4 — 8 
cm) showed twice more actinom y
cètes in the tre a ted  v arian t. The s t i 
m ulation effect most probably  can be 
ascribed to  the  u tilization of certain  
decom position products of the h er
bicide, by  the auxiliary  enzyme 
system  of these m icroorganisms.

The num ber of microscopic soil 
fungi was also inh ib ited  by  the her
bicide (Fig. 3). In  the field experi
m ent higher toxic effect was no ted  
in the  surface soil layer (0 — 4 cm) 
on the 60th day a f te r  trea tm en t. A 
certain  effect was shown on the 90th 
day  as well. S tudies 150 days after- 
trea tm e n t disclosed no particu la r

1

days after treatment

Fig. 4. D etox ica tion  o f  C asoron in  soil. 
I) 0 —4 cm  field; 2) 4— 8 cm  field; 3 ) 0 —4 

cm  greenhouse; 4) 4 —8 cm  greenhouse
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num ber differences in tre a ted  and  control p lo ts as no ted  w ith the o ther 
m icroorganisms. U nder existing conditions there are m inim al herbicide 
quan tities  in soil 500—600 ng active m aterial /1000 g soil (Fig. 4). 
According to  analyses of the model experim ent the count of fungi as affect
ed  by  the  herbicide decreased more intensively. Sim ilar to  o ther m icro
organism s the toxic effect becam e m anifest up to  the 30th day a f te r  t r e a t
ment.

E xperim ental results on the decomposition of herbicide in the soil are 
p resen ted  in Fig. 4. In  the model experim ent, carried out under controlled 
conditions as com pared to  the field breakdow n of the herbicide was relatively 
more rapid . The highest decom position level was on the 60th day  afte r 
applying herbicide to  soil upon which in tensity  of the detoxication process 
gradually  decreased.

DISCUSSION AND CONCLUSIONS

In  connection w ith  the analyses of the toxic effect of Casoron herbicide 
on am m onifying bacteria, Micev and B ubalov’s studies (1969) on the 
same p rep ara tio n  used under w heat field tria l are of in terest. Analyses 
on its effect during the la tte r  tre a tm e n t stages showed stim ulation of 
the bacterial num ber. This finding is no t a t variance w ith ours as the 
estab lishm ent of prerequisites for a rap id  developm ent of certain  m icro
organism s in the biocenosis of the soil is possible under specific conditions 
when the  inhibition effect has ceased. This is confirmed by Audus (1964) 
sta tem en ts concerning the ad ap ta tio n  of certain  m icroorganisms to an 
environm ent containing herbicides and  existing possibilities for outvielding 
the rem aining m icroorganisms of the cenospecies. In  th is case certain 
microorganisms probably  become more com petitive in respect to  nu trien ts  
and  can utilize herbicidal decom position elem ents as n u tritio n  sources. 
Thus studies definitely confirm the possibility of utilizing herbicides as 
nitrogen and  carbon sources (Guillem at I960).

F as te r detoxication of herbicides was established in heavy soils as com
pared  to  sandy ones. E vaporation  is an  im p o rtan t factor for Dichlobenyl 
losses from  soil. R esidual Dichlobenyl was assessed 105 days a f te r  incor
poration  into the soil during a biologic experim ent by  B arnsley and  Rosher 
(1961). This experim ent showed 500 — 600 gam m a of actual m aterial/1000 g 
soil w ith  the field experim ent and 300—400 gam m a respectively w ith the 
model one 150 days a f te r  Casoron trea tm en ts. Sheets, H arris and  Sm ith 
( 1969) found 0.56 ppm  to  be the lowest biologically determ inable D ichlobenyl 
concentrations. Hence these studies confirm our findings. G enerally the 
followings could be concluded:

1. Casoron herbicide applied in the dose of 7.5 kg/ha active ingredient 
on chernozem -sm olnitza soil type inh ib ited  the grow th of soil bacteria, 
actinom ycètes and  microscopic fungi. The prepara tion  had no effect on 
the nitrogen-fixing bac teria  of the A zotobacter genus.

2. U nder n a tu ra l conditions the inhibition effect of the m aterial was 
assessed up to  the 90th day  a fte r trea tm en t.

3. In  the greenhouse under controlled conditions detoxication of Casoron 
in the soil was more rap id  and  slower in the field. In  a field experim ent 
residual Casoron was detec ted  on the  150th day  a f te r  application.
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SUMMARY

The effect of the Casoron herbicide in a dose of 7.5 kg/ha active ingredient 
on soil m icroflora was studied in chernozem -sm olnitza soil type in a field 
tria l w ith black curran ts. A t the same tim e model experim ents under 
greenhouse conditions were conducted to  check the  effect of the preparation  
under controlled conditions. The herbicide inh ib ited  the num ber of soil 
bacteria, actinom ycètes and microscopic fungi tested .

N itrogen-fixing bac teria  of the A zotobacter genus were only insignifi
can tly  affected by the herbicide.

U nder n a tu ra l conditions the num ber of m icroorganisms stud ied  was 
inh ibited  by the herbicide up to  the 90th day  a f te r  trea tm en t.

Decom position of casoron in soil was assessed a f te r  the biological method.
R esidual herbicide was found in the soil on the 150th day a f te r  trea tm en t.
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R E L A T IO N SH IP  B E T W E E N  D ALAPON AND TRICHLOROACETIC 
ACID H E R B IC ID E S AND T H E  M ICROFLORA OF L IG H T  BROW N

SOILS

S. У . Z a k h a r ia n
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EREVAN, USSR

The purpose of our work was to  s tudy  the in terrelationship  between her
bicides and  the main physiological groups of soil microflora. Both laboratory  
as well as field experim ents w ith  Dalapon and  trichloroacetic acid (TCA) 
have been conducted.

The laboratory  tests were carried out w ith sterile and  non-sterile soils. 
H erbicide preparations were added to  soils in w ate r solutions in the  following 
concentrations: Dalapon — 1,2, 12, 720 and  TCA — 60, 600, 720 mg per 
200 g of soil. W ate r was added to  the soil sam ples up to  60%  of their 
w ater-holding capacity  and  incubated  under 27 — 28 °C in K och dishes. 
The tox icity  of herbicides was determ ined by biotests using wheat.

The d a ta  (Table 1) indicate th a t  the degradation ra te  of herbicides p ro 
ceeds more rapidly  under the conditions of non-sterile th an  of sterile soils.

T able 1
Degradation of herbicides in  the soil 

(laboratory tests)

Tested variants
Soil

N umber of shoots in differ nit dates
(herbicides in mg/g) 

of soil 24/4 27/4 9/5 12/5 >-/- 28/5 25/6 2S/6

C ontrol Sterile 8 22 12 25 21 25 25 25
(w ithou t
herbicide)

N on-sterile 10 25 18 25 15 25 23 25

D alapon Sterile 0 0 0 0 3 8 23 25
1.2 mg/200 g N on-sterile 0 0 3 7 17 21 21 25

D alapon Sterile 0 0 0 0 6 8 19 25
12 mg/200 g N on-sterile 0 0 2 о 13 19 25 25

D alapon Sterile 0 0 0 0 0 0 0 0
720 mg/200 g N on-sterile 0 0 0 0 0 0 0 0

STCA Sterile 0 0 0 0 10 12 21 25
6 mg/200 g N on-sterile 0 2 7 1 ! 21 25 20 25

STCA Sterile 0 0 0 0 7 10 18 25
60 mg/200 g N on-sterile 0 0 3 8 19 23 22 25

STCA Sterile 0 0 0 0 0 0 11 13
720 mg/200 g N on-sterile 0 0 0 0 7 10 20 24
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E viden tly  it is due to  the ac tiv ity  of soil microflora. D alapon and  sodium 
trich loroacetate  (STCA) high concentrations are n o t com pletely degraded.

The degradation of herbicides in the field has been studied. The tests 
of these com pounds ob tained  by paper chrom atography have shown th a t 
herbicides are com pletely degraded during the vegetation of p lan ts, Dalapon 
a fte r 3.5 m onths, STCA — a fte r  3 m onths.

The detoxication ra te  is dependent on the meteorological conditions as 
well as on the hum idity  and  tem peratu re.

The influence of various concentrations of D alapon and  STCA on different 
groups of soil microflora has been studied in light brown soils (Table 2).

T a b le  2
The influence of Dalapon on soil microflora in  field tests 

(Num ber of microorganisms in million per g)

Physiological
groups

Days of observations
Media Tests

May 1 May 10 June 30 July 60 Sept. 90 Oct. 135

MPA T o ta l num ber Control 11.2 15.2 20.2 12.S 1S.7 14.7
o f m icro- D alapon 5 kg /ha 10.0 12.5 8.8 8.7 1 1.7 18.7
organism s D alapon 8 kg/ha 5.1 10.1 10.5 8.7 5.5 12.0

SAA T o ta l nu m b er Control 22.") 10.0 8.7 7.2 17.0 14.0
of b a c te r ia D alapon 5 kg /ha 3.0 10.2 12.2 10.0 10.0 10.0
a n d  actino- D alapon 8 kg /ha 2.5 3.6 IS .2 17.2 11.2 18.2
m ycetes

A shby-a gar O ligonitro- Control 5.5 20.5 1(1.2 5.5 20.2 18.7
phy les D alapon 5 kg /ha 5.0 20.6 9.7 9.7 11.0 17.5

D alapon 8 kg/ha 3.7 14.5 17.0 17.0 16.2 17.0

M PA  -|- m u st Spore-form ing C ontrol 17.0 2.7 0.5 1.7 3.0 4.0
bacteria D alapon 5 kg/ha 13.0 3.0 0.3 1.0 1.7 1.7

D alapon 8 kg /ha 3.3 2.1 0.7 1.5 0.5 1.7

Peptone Am m onifiers Control 25.0 25.0 25.0 25.0 25.0 6.0
w ater D alapon 5 kg /ha 25.0 6.0 6.0 6.0 25.0 6.0

D alapon 8 kg/ha 0.0 6.0 6.0 6.0 25.0 6.0

The results of investigations indicate th a t  the te s ted  herbicides have 
different effects on soil m icroorganisms. D alapon inhibits alm ost all groups 
of soil m icroflora during 60 days a f te r  its addition into th e  soil. U pon which 
the inhibitory  action of D alapon disappears and the increase of the grow th 
of microflora is observed, indicated  by plate  counts of microorganisms, 
grown on starch-am m onium  agar medium  (SAA). The increase in n u m 
bers of microorganisms m ay be due to  the adap ta tion  of microflora 
to  Dalapon or its degradation products. Spore-form ing bac teria  are more 
sensitive to  Dalapon ra th e r th an  non-sporeform ers. This herbicide has no 
high inhibitory  action on the  grow th of n itrify ing am m onifying and  cellulose 
decomposing microorganisms. The inhibition of Azotobacter which is so 
d istribu ted  in the investigated  soils has not been observed (Table 3).
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Development of different groups of soil bacteria after the addition 
of Dalapon to the soil

(N um ber of microbial overgrowth of 100 g of lum ps in  per cent)

T able 3

Days of observations
Media Microorganisms Tests

May 1 May 10 June 30 July 60 Sept. 90 Oct. 135

A shby agar A zotobacter Control 100 100 100 100 100 100
D alapon 5 kg/ha 100 100 100 100 100 100
D alapon 8 kg /ha 100 100 100 100 100 100

H u tch in so n ’s Cellulose de- Control 31 49 78 57 62 97
agar com posing D alapon 5 kg/ha 39 38 59 37 53 91

m icro- D alapon 8 kg/ha 34 40 59 58 60 93
organism s

V V inograd s к y  ’ s N itrifiers Control 35 73 73 57 78 82
m edium D alapon 5 kg /ha 41 68 53 68 72 72

D alapon 8 kg/ha 57 os 72 82 72 73

The m ixing of STCA into the soil during the first 10 days has a
stim u lato ry  action on alm ost all physiological groups of m icroorga
nisms. A fter 30—60 days the degradation of th is herbicide takes place 
and  inhibition is observed. STCA has an inh ib itory  action on the grow th

T able 4
Influence of ST C A  on soil microflora 

( F ield tests, number of microorganisms in  million per g of soil)

Media Microorgan isms Tests
May 1

D

May 10

ays of observations 

June 30  ̂ July 60 I  Sept. 90 I Oct. 135

M PA T otal num ber Control 14.1 6.0 24.3 15.6 22.5 17.7
of m icro- STCA 20 kg/ha 29.4 13.2 6.0 4.0 11.4 16.1
organism s STCA 40 kg /ha 37.2 10.0 6.0 4.6 12.0 16.6

SA A T otal num ber Control 3.3 11.4 10.5 28.5 21.0 ' 16.6
of bacteria STCA 20 kg /ha 10.2 18.3 9.6 24.0 12.8 18.9
and  actino- STCA 40 kg /ha 28.2 16.3 4.9 10.6 16.5 17.2
m ycetes

A shby ag ar Oligonitro- Control 7.5 17.4 12.3 21.6 24.3 1 22.5
phyles STCA 20 kg/ha 9.3 32.7 6.3 11.7 21.0 24.0

STCA 4 0 /k g /h a 10.2 32.1 7.6 16.5 18.0 37.6

M PA -j-m ust Spore-form ing Control 6.0 0.3 0.6 0.3 4.5 4.8
bac teria STCA 20 kg /ha 7.2 0.9 0.9 0.9 2.1 2.7

STCA 40 kg /ha 7.2 1.0 0.7 0.8 2.1 1 2.7

P eptone Am m onifiers Control 6.0 6.0 13.0 25.0 6.0 I 2.5
w ater STCA 20 kg /ha 7.0 25.0 25.0 6.0 2.5 2.5

STCA 40 kg/ha. 25.0 25.0 25.0 6.0 2.5 2.5
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of m icroorganisms grown on SAA, their num ber decreasing 2—2.5 tim es, 
and  the num ber of microflora grown on MPA (m eat-peptone agar) 4 
different sam pling tim es (Table 4).

In  laborato ry  and  field tests  the trea tm en t of soils w ith herbicides has 
no inhib itory  influence on the developm ent of soil m icroorganisms. The 
addition of doses used in practice of STCA to  the soil stim ulates the grow th 
of microorganisms grown on M PA (Table 5). The increase of the herbicide 
concentration up to  400 mg/kg decreases the num ber of soil m icro
organisms. F or exam ple, in experim ents w ith  the use of STCA in concentra
tion 40 mg/kg was 6.9 million of microorganisms per/g of soil b u t in con
centration  400 mg/kg their num ber was about 3 million cells/g. The 
inhib itory  action of STCA was observed up to  40 days a fte r which it d is
appeared.

T able 5
Influence of ST C A  on soil microflora 

(  Field, tests, number of microorganisms in  millions per/g of soil)

Media M icroorganisms Tests
1

lays of observations

20 40

MPA Total num ber of Control 4.9 2.7 3.6
microorganisms STCA 40 mg/kg. 6.5 3.9 3.3

STCA 400 mg/kg 3.1 2.0 2.2

Ashby agar Oligonitrophyles Control 3.9 3.3 1.5
STCA 40 mg/kg 4.1 4.2 4.5
STCA 400 mg/kg 3.1 4.6 4.5

SAA Total num ber of Control 4.9 3.2 4.5
bacteria and STCA 40 mg/kg 3.0 2.3 3.4
streptom ycetes STCA 400 mg/kg 5.7 5.8 2.7

MPA-|- m ust Spore-forming Control 0.2 0.05 0.1
bacteria STCA 40 mg/kg 0.2 0.07 0.05

STCA 400 mg/kg 0.2 0.01 0.05

Peptone Ammonifiers Control 2.5 2.5 2.5
water STCA 40 mg/kg 1.3 0.25 2.5

STCA 400 mg/kg 0.25 0.6 2.5

The stim ulato ry  action of STCA on the oligonitrophyle bac teria  and 
Pseudomonas has been observed. This herbicide has no valuable influence 
on the developm ent of spore-form ing bac teria  and  actinom ycètes, bu t in 
some cases stim ulates the grow th of Bacillus cereus, Bacillus mesenteric,us.

Dalapon has a different effect on some physiological groups of m icro
organisms. In  laborato ry  experim ents it displays weak inhib itory  action 
on the  to ta l num ber of microorganisms and strong inhibition on Actino
mycètes. Spore-forming bac teria  and  fungi are also inhibited, b u t a fte r 20 
days th is action disappears (Table 6).

Dalapon as well as STCA stim ulate  the developm ent of oligonitrophyle 
bac teria  and  Azotobacter.
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Influence of Dalapon on the microflora of light brown soils 
(Laboratory tests, microorganisms in millions per g)

T able fi

Media Microorganisms Tests
Da vs of observation

1 20 40

MPA Total num ber of Control 4.9 2.7 3.6
microrganisms Dalapon 8 mg/kg 3.5 2.5 3.9

Dalapon 80 mg/kg 3.5 2.7 2.2

Ashby agar Oligonitrophyles Control 3.9 3.3 2.5
Dalapon 8 mg/kg 4.5 3.3 3.7
Dalapon 80 mg/kg 7.7 4.6 2.6

SA A Total num ber of Control 4.9 4.2 , 4.4
bacteria  and Dalapon 8 mg/kg 3.8 3.5 2.6
actinomycètes Dalapon 80 mg/kg 3.0 2.8 3.5

MPA4- m ust Spore- forming Control 0.2 0.05 0.1
bacteria Dalapon 8 mg/kg 0.1 0.2 0.1

Dalapon 80 mg/kg 0.1 0.2 0.1

Peptone Ammonifiers Control 2.5 2.5 I 2.5
water Dalapon 8 mg/kg 11.1 6.0 2.5

Dalapon 80 mg/kg 11.1 7.0 1 2.5

The d a ta  have shown th a t herbicides which do n o t decrease the to ta l 
num ber of microorganisms have a specific effect on different groups of 
soil microflora.

Our investigations w ith  pure cultures have indicated  th a t D alapon and  
STCA in concentrations of 8 — 40—80—400 mg/ml reveal different effects 
on different species and  som etim es strains of the same species of m icro
organisms. In  general, D alapon is more toxic th an  STCA. F o r exam ple, 
Dalapon inhibits all tes ted  cultures of Actinomycètes bu t STCA has no 
action. T ested  strains of nodule bacteria  were more resistan t to  STCA.

The above-m entioned d a ta  indicate th a t the herbicides te s ted  in p rac
tical doses have no essential and  prolonged effect on soil microflora.

SUMMARY

Investigations were conducted to  clarify how the soil microbiological 
processes were influenced by the herbicides Dalapon and  N a-trichloro- 
acetate.

I t  was established th a t the inactivation of the exam ined herbicides took 
place m uch more slowly in sterile soils th an  in septic conditions.

The resu lts of field experim ents proved th a t Dalapon in 3.5 m onths and 
the N a-trichloroacetate in 3 m onths broke down in the soil. The detoxication 
strongly depends on the m oisture conditions.

Dalapon and  N a-1 r ich I or oace t a t e significantly influenced the re la ted  ra tio  
of microorganisms belonging to  several physiological groups.
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R E L A T IO N SH IP  B ETW EEN  H E R B IC ID E  DYM ID AND SOIL 
MICROORGANISMS

M . M ic k o v s k i

FACULTY Ob' AGBICULTURE AND FORESTRY, STATE UNIVERSITY, SKOPJE, YUGOSLAVIA

D ym id (N ,N-dim ethyl-2, 2-d iphenylacetatam ide) is a new herbicide, p ro 
duced by E lanco P roduct Company. This herbicide has a wide action spectrum  
against different weeds. I t  is used for p ro tection of the seedlings of some 
vegetables, and  especially for tobacco.

As regards the influence of D ym id on the soil microflora, there are very  
little d a ta  available. According to  some d a ta  provided by E lanco Com pany, 
the  degradation and  destruction  of Dym id in the soil is very  slow.

M A T E R IA L  A N D  M E T H O D S

D uring the exam ination of this relationship we have used two types 
of soils: red  soil, w ith neu tra l reaction, and  alluvium , also w ith neu tra l 
reaction. Both soil types are poor in hum us.

The soil sam ples received doses of D ym id equivalen t to  th a t used in 
practice nam ely 6 and 8 kgs per hec ta r (as a first and  second concentration). 
The preparation  had 80%  active ingredient. The m oisture of the soil was 
ad justed  to  abou t 60%  o f soil m oisture capacity. The herbicide was m ixed 
w ith the soil in the P e tri dishes containing 300 g from  each soil type. 
Dishes were incubated a t room tem peratu re , 22 — 25 °C. Microbiological 
analyses were m ade a f te r  10 and  60 days from  the addition of the D ym id 
to  the soil.

We exam ined the influence of D ym id upon the  asporogenic bacteria, 
bacterial spores, fungi as well as Actinomycètes, using the p late  count 
m ethod. F or the bacteria, b ro th  agar was used, for the bacterial spores 
the same agar, warm ed up a t a tem peratu re  of 80 °C for 10 m inutes a fte r 
the inoculation, while for the fungi we used the Czapek-Dox agar, w ith 
0.01%  of strep tom ycin  sulphate, and  for the Actinomycètes W aksm an’s 
agar.

Then the  influence of D ym id on Azotobacter, on the  n itrify ing bac teria  
as well as on the cellulolytic microorganisms was investigated. The W ino
gradsky’s silicagel as a  n u trien t m edium  was used.

W hen studying  the ability  o f microorganisms to  use D ym id as a sole 
source of nitrogen or carbon, we used Jen sen ’s agar, and  the nitrogen or 
carbon com ponent replaced by 0.1%  Dym id.
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RESULTS AND DISCUSSION

a) Influence of Dym id on soil microflora. The results obtained regarding 
the influence of D ym id on heterotrophic soil microflora are shown in 
Table 1. These results indicate th a t the first, and especially the second 
concentration of D ym id has a negative influence on the exam ined groups of 
soil m icroorganisms ten  days a f te r  the addition  of D ym id to  the soil.

T able 1
Influence of D ym id on heterotrophic microorganisms, per gram 

of absolutely dry soil

Dymid Asporogenic De- Bacterial 1 ®e" De- Act i no- De-
treatments bacteria creasing | spores erasing 1; ungi 1 creasing myeetes creasii

R ed soil, 10 days after the introduction of Dymid into the soil

Control 1,500,000 100.0 45,000 100.0 27,000 100.0 360,000 100.0
I cone. 1,100,000 20.7 38,000 15.6 1 13,300 50.8 300,000 15.0

11 cone. 800,000 44.7 25,000 44.5 10,000 65.6 260,000 28.0

Alluvium , 10 days after introduction of Dymid into the soil

Control 20,000,000 100.0 1,340,000 100.0 165,000 100.0 9,000,000 100.0
I cone. 15,000,000 25.0 1,200,000 11.2 76,000 53.8 8,400,000 0.7

II  cone. 13,000,000 35.0 1,000,000 26.2 60,000 63.9 7,200,000 j 20.0

Red soil, two m onths after introduction of Dymid into the soil

Control 2,100,000 100.0 1 37,000 100.0 32,000 100.0 470,000 100.0
I cone. 1,800,000 14.3 33,000 10.8 1 7,000 46.9 380,000 19.1

11 cone. 1,000,000 52.4 25,000 32.9 12,000 62.5 300,000 36.2

Alluvium, two m onths after introduction of Dymid1 into thi soil

Control 23,700,000 100.0 730,000 100.0 210,000 100.0 8,750,000 100.0
I cone. 19,300,000 19.0 660,000 10.0 170,000 19.1 8,150,000 0.9

11 cone. 13,700,000 42.2 560,000 23.2 130.000 38.1 7,000,000 20.0

A fter two m onths there was still a negative influence of D ym id on the 
exam ined groups of soil m icroorganisms. The decreasing % was som ewhat 
sm aller th an  in the case of 10 days a fte r in troduction of D ym id into the 
soil. The highest negative influence was found in the case of the asporogenic 
bac teria  and  the fungi in bo th  soil samples.

The results ob tained  from  the investigations of the influence of D ym id 
on some physiological groups of soil microflora, are shown in Table 2.

A fter 10 days from  the addition of D ym id to  the soil, negative influ
ence was shown in both  soil types on the exam ined physiological groups of 
m icroorganisms, w ith  bo th  applied concentrations. The sm allest negative 
influence was recorded w ith  Azotobacter, and  the highest one w ith  n itrify ing 
bacteria.

A fte r two m onths there  was a negative influence w ith Azotobacter .W ith n itr i
fying bac teria  and  cellulolytic microorganisms, D ym id still showed negative
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In fluence of D ym id  on tin number of -some physiological yroups of microorganisms
T ab le; 2

1 Azotobacter 
Treatment % of fertile 

grains
Soil plaques

Nitrifying
bacteria % 

of fertile 
grains

Cellulolytic microorganisms fertile grains

Total Fungi ]iacteria Aetino
myeetes

R ed soil, 10 days a fte r in tro d u c tio n  o f D ym id in to  th e  soil

Control 80.8 + + + 21.7 88.6 40.2 41.2 7.2
I  cone. 73.В +  +  + 11.8 82.8 1 42.6 36.2 4.0

11 cone. 72.2 + + 0.0 60.5 1 34.3 24.0 2.2

A lluvium , 10 days a fte r in tro d u c tio n  o f D ym id in to  th e  soil

Control 1 82.7 +  H—h + 29.3 56.3 7.0 36.3 18.0
I cone. 1 79.7 - f +  +  - f 10.3 47.7 4.7 22.0 21.0

I I  cone. I 74.2 + + + 7.7 36.0 ! 2.3 16.0 17.7

R ed soil, tw o m on ths a f te r  in troduction  of D ym id in to  th e soil

Control 1 81.3 + + + 24.0 90.3 , 40.0 44.0 12.3
I cone. i 80.0 + + + 13.3 87.0 1 35.7 39.0 12.3

I I  cone. 78.7 + + +  1 4.3 75.7 32.7 34.0 9.0

A lluvium , two m on ths a f te r  in tro d u c tio n  of D ym id in to  th e soil

Control 1 100.0 + + Ч —b I 31.7 85.0 9.7 55.3 20.0
I cone. 100.0 + + + + 20.3 75.3 1 9.0 49.3 17.0

11 cone.. 96.3 _[_ 8.3 64.7 8.7 40.3 15.7

influence. In  all cases the negative influence was higher w ith  the second 
concentration of D ym id.

b) Influence of microorganisms on Dymid. Like some o ther herbicides, 
D ym id can be used as a sole source of nitrogen or carbon for m icroorgan
isms. These results are shown in Table 3.

Very m any isolates can grow on D ym id as a sole source of nitrogen, 
b e tte r  th an  on D ym id as a sole source of carbon. The grow th was very  
poor on D ym id as a source of carbon.

Some of these m icroorganism s can fix small quan tities of nitrogen from  
the air as the oligonitrophyl microorganisms. We have done some experi
m ents using Ashby nitrogen-free agar. Only the Azotcbacter, the Agro- 
bacterium radiobacter and the B. polymixa can grow on this m edium. O ther 
microorganisms utilized the nitrogen of Dym id.

SUMMARY

The in teraction  of D ym id and  soil m icroorganisms was exam ined. From  
the results we concluded the following:

1. D ym id, in equivalents of practical field doses (6 and 8 kgs per hectar) 
depressed the num ber of the exam ined groups of heterotrophic soil m icro
flora in two types o f soils: neu tra l red  and  neu tra l alluvium .

The highest depression caused by D ym id was found in the case of the 
asporogenic bac teria  and  fungi. These results have been obtained  w ithin 
ten  days a f te r  the in troduction of D ym id into the soil.



Growth in  ,some microorganisms on the inertia with D ym id as a sole 
source of nitrogen or carbon

T able :i

M icroorganism s
D y m id  as  a  so le  , 

source of n itro g en__1
D ym id ; 

source 0

Azotobacter chroococcum " Г +  ! +
A  groba cterium radioba cl er + 4 -

Bacillus megatherium + +

B a cil lu s mesen t ericn s ~ r

Bacillus poly m yxa + +

Pseudomonas fluorescens + +
Streplomyces griseus +

Actinomyces candid us 4 4 - +
Stachyboiris alra 4 - 4 -
Pullularia pullu lans 4 -

Cladosporium sp. + + 4
- +

Penicillium  frequentans 4 - 4 - —
Pen icilliu  m citreo - viride 4 - 4 - 4 - "i"
F usarium  sp. 4 - +
A spergillus teireus 4 - 4 - -1-

Aspergillus nig er + +

Alternaria tenuis + 4 - 4 -
Rh izopus n igricci 11 s 
Trich oderm a viride :
-}- +  + =  very  good g row th  
-f- +  =  good g row th

=  poo r g row th
-|---- =  very  poo r g row th

=  no g row th

2. A fter two m onths there was still a negative influence of D ym id upon 
all the exam ined groups of m icroorganisms. This negative influence was 
som ew hat sm aller th an  ten  days a fte r the in troduction of D ym id into the 
soil.

3. W ith  regard  to  the physiological groups, a fte r ten  days there was a 
negative influence w ith  all the exam ined groups, bu t the Azotobacter sp. 
was more resistan t.

A fter two m onths there  was still a  negative influence w ith  the nitrifying 
bac te ria  and  w ith  the cellulolytic microorganisms, bu t not w ith  the Azoto
bacter sp.

4. There were some microorganisms which could grow on the m edia w ith 
D vm id as a sole source of nitrogen b u t only a few microorganisms, could 
grow verv  weekly, using D vm id as a sole source of Carbon.О  J  J  7 о  ^
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T H E  E F F E C T  OF GRAM OXONE ON N -F IX IN G  M ICROORGANISMS 

E . Ma n n in g e r , É . B a k o n d i a n d  T. T akáts

RESEARCH IN ST IT U T E OF SOIL SCIENCE AND AGRICULTURAL CHEM ISTRY OF TH E HUNGARIAN 
ACADEMY OF SCIENCES, NATIONAL IN ST IT U T E FOR AGRICULTURAL QUALITY TESTING, 

BUDAPEST, AND U N IV ERSITY  OF FO RESTRY  AND WOOD TECHNOLOGY, SOPRON, HUNGARY

N ow adays chemicals have been used n o t only in agriculture in the course 
of so-called “ chemical p ro tec tion” against p lan t and  anim al pests bu t also, 
instead  of m echanical weed control, chemical weed control has been applied 
more and  more in the agriculture.

The pesticides in troduced  into the soil can influence the soil m icro
organisms. For this reason we stud ied  w hether the Gram oxone herbicide 
had  an effect on the Azotobacter and  Rhizobium.

M A T E R IA L  A N D  M ETH O D S

The grow th of four strains of Azotobacter chroococcum was investigated  
on such a  N-free solid medium  of which 10 m g—104mg Gram oxone was
added  to  each litre in tenfold  dilution steps. The com position of the
medium was the following:

15.0 g m annitol 0.1 g FeSO,
1.0 g K ,H P 0 4 0.1 g AICI3
0.2 g MgCl, 0.01 g MnSO,
0.5 g C aC 03 0.01 g ZmSO,
0.2 g NaCI ' 2% agar-agar

1000ml distilled w ater, p H = 7 .2 (before sterilization). S terilization a t ]/2 a tm . 
for 20 m inutes.

B acterial cultures grown for 48 hours on the same medium were streaked  
w ith  loop onto the surface of the p late  in two lines a t a d istance of 20 
m m  from  each other. F our P e tri dishes were used for all trea tm en ts  
and  th ey  were incubated  a t 28 °C.

The effect of Gram oxone was exam ined on 20 sym biotic N-fixing bacterial 
strains in v itro  w ith  dilution and  agar gel diffusion m ethod.

In  the course of the te s t of the I I  different concentrations of the herbicide, 
sm aller (1/100) and m anifold (ten times) doses th an  used in agricultural 
practice were applied.

On this w ay 800, 400, 200, 100, 50, 25, 12.5, 6.25, 3.13, 1.56, and  0.75 
mg Gram oxone was added  into 1000 ml m edium . Such appropriate  
dilution series were p repared  so th a t one of them  added to  the Czapek’s 
m edium  would have the required  concentration. In  the case of agar 
gel-diffusion m ethod the appropriate  dilutions were applied into the 
holes m ade in to  the agar-agar. In  this case the  bacteria  were suspended
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in a th in  agar layer which was poured  to  the surface of the plates. 
In  the dilution m ethod the microorganisms were suspended into the  liquid 
m edium  w ith  T ak á tsy ’s loop.

F u rth e r  on vegeta tion  experim ents were carried out w ith  Gram oxone 
to  stu d y  w hether the  herbicide am ount used in agricultural practice and 
1/100 p a r t  of it had any influence on the rhizobia! inoculation of pea.

The experim ent was conducted in N-free Crone’s n u trien t solution using 
1 litre glasses containing, 700 g w ashed quartz  sand, quadruplication 
was carried out. The glass-pots were sterilized a t 2 atm . pressure for 1 hour. 
The surface of P e tit  provance varie ty  pea seeds were sterilized w ith  3%  
Chlorogenium solution. A fter they  were washed w ith  sterile distilled w ater 
five tim es. In  every  pot, five seeds were sown and  they  were inoculated 
w ith  0.2 ml bacterial suspension p rep ared  according to  Brown scale No 6 
degree. One ineffective (No Bu 71) four effective (No Bu 9/6, Bu 9/7, Bo 
9/3, Bo 9/4) Rhizobium  strains were used for inoculation.

R E S U L T S  A N D  CO N CLU SIO N S

The evaluation of the p lates inoculated  w ith  Azotobacter was done on 
the basis of the grow th com pared to  the control a f te r  two and five days 
(Table 1).

T able 1
Effect of Gramoxone on the growth of Azotobacter strains 

(H erbicide content m g/l m edium )

Bacterial strains
Inhibition versus control Total inhibition

After 2 days After 5 days 1 After 2 days I After 5 days

1 t o - 15 1 0 - 1 1 10
2 t o - 6 i o - c 1 0 -1 1
3 1 0 - ° 1 0 - 6 1 0 -1 1 0 -1
4 i o - ° 1 0 -5 1 1

Two kinds of inhibition were differentiated: a sm aller inhibition, when 
the  grow th com pared w ith  the control was only w eaker and  absolute 
inhibition, when there was no grow th a t all.

I t  could be proved a f te r  tw o days th a t  the sm allest 10-r> mg/l Gram oxone 
concentration applied, inh ib ited  all the strains to  a small ex ten t. Complete 
inhibitions were recorded in the case of No. 1 and  No. 4 strains a t 1 mg 
dose and  10_1 mg/l herbicide doses inh ib ited  absolutely the developm ent 
of No. 2 and  N o.3 strains. A fte r five days sm aller inhib itory  effects in the 
case of No. 1 strain  10-1 mg/l, N o .2 and  N o.3  strains 10_e mg/l and  No. 4 
strain  10~5 mg/l doses were detected . Absolute inhibition was noticed in 
N o.3 strain  a t  lO^1 mg/l, N o .2 and  No. 4 strains a t I mg/l and  in the case 
of No 1 strain  a t 10 mg/l herbicide doses. The m ost res is tan t was the No. 1 
stra in  while the o ther proved  to  be sensitive.

Special a tten tio n  should be paid  to  the fact th a t  in all concentrations 
along the streak  of No. 2 strain , isolated colonies did  n o t developed con tin 
uous cultures as on the control plates. I t  dem onstrated  th a t  in the population 
of No. 2 strain  the varian ts  were predom inantly  very  sensitive to  G ram 
oxone.
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Rhizobium strains

Fig. 1. T he effect o f G ram oxone on 20 d ifferen t R hizobium  stra in s . 
(The shadow ed p a r t  show s th e  inh ib ition  ra te .)  1— 2 R hizobium  s tra in s  
from  Glycine soja, 3 —7 R hizobium  s tra in s  from  M edicago saliva, 8 — 14 
R hizobium  s tra in s  from  'Trifolium  praimise, 15—17 R hizobium  s tra in s  

from  P i sum  sativum , 18—20 R hizobium  s tra in s  from  V icia  villosa

From  am ong the Rhizobium s trains th ree originated from  vetch  ( Vicia 
villosa) th ree from  pea (P im m  sativum) seven from  clover (Trifolium  
pratense) five from  lucerne ( Medicago satina) two from  soybean (Glycine 
soja) root nodules.

The effectiveness (root nodule form ation and  N-fixing capacity) of 
Rhizobium  strains was previously checked on tlie basis of sterile po t experi
ments.

The results received w ith dilution and  agar gel-diffusion m ethod were 
no t identical, the dilution m ethod resu lted  inhibitory effect in more 
cases, thus it proved more sensitive to  the to  rhizobia than  to  the agar gel 
diffusion technique. For this reason the resu lt ob tained  w ith the m ethod 
will be repo rted  (Fig. 1).

According to  the investigations the dose of Gram oxone used in practice 
inh ib ited  the growth of 40%  of the  strains.

The m ost sensitive rhizobia to  Gram oxone proved to  be the strains 
isolated from  pea-vetch root nodules.

In  the course of the vegetation experim ent the Gram oxone trea tm en ts  
were conducted between sowing and  Rhizobium  inoculation. The experim ent 
was eva lua ted  six weeks a fte r sowing on the basis of pod, stalk  and  leaf 
yield as well as the nodule num ber (Table 2). I t  could be established from

T able 2
Effect of Gramoxone on the growth of P isu tn  sativum

Rhizobium
strains

Pods yield "" Stem • leaf °0 Number of nodules %

Rh Rh : Rh 1 <r2 Rh Rh <% Rh <;2 Rh Rh-rGr R h+ G ,

Bii 71 100 31.9 93.3 100 68.8 84.6 0 0 0
Bii 9/6 100 43.0 95.5 100 72.3 100.7 100 31.1 70.0
Bii 9/7 100 48.(1 113.2 100 68.4 107.5 100 39.3 157.1
Bo 9/3 100 55.3 87.1 100 84.3 88.0 100 71.3 71.3
Bo 9/4 100 06. r> 1 II 8.2 100 8Х.Г) 12.5.8 100 67.7 171.7

R h  =  R h izob ium  inocu la tion  
G , = 1 6  m g G ram oxone/po t 
G 2 = 0 .1 6  m g G ram oxone/po t
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these, th a t  the Gram oxone dose applied in practice (Gl) had a  depressive 
effect on the yield and  nodule num ber of all the  p lan ts  inoculated with 
Rhizobium strains com pared w ith the control. At the same tim e hundred 
fold d ilu ted  concentration of the dose applied in practice had a  sim ilar 
effect to  the control b u t in some cases-m ainly as regards the num ber of 
nodules it had  a stim ulato ry  effect.

T hanks are due to  Dr. J .  Szegi for m aking the Azotobacter chroococcum 
strains available.

SUM M ARY

The effect of Gram oxone on free-living aerobic nitrogen-fixing bacteria  
as well as on nitrogen-fixing bac teria  sym biotic w ith leguminous plants 
was investigated . The grow th of four strains of Azotobacter chroococcum 
on N-free culture medium  w ith addition of 0.000 001 mg/1 to  10,000 mg/1 
of Gram oxone was studied. The p la tes were incubated  a t 28 °C for 2 to 
5 days and  the grow th was observed. A fter two days the grow th of all 
stra in s studied was inhibited  by dose of as little as 0.000 001 mg Gram oxone 
per litre. A fter five days only one strain  behaved differently, all the o ther 
stra in s showed the same effect as a f te r  48 hours.

T he effectiveness (nodulating and  nitrogen-fixing capacity) of 20 strains 
belonging to  the species of Rhizobium trifolii, Rh. meliloti, and  Rh. japonicum  
was controlled by m eans of po t cultures. The dilution m ethod and  the 
m ethod of agar gel diffusion were used in the experim ents. The result 
ob tained  by the two m ethods were not the sam e; the dilution m ethod 
proved to  be more sensitive — it revealed inhibitory  effects in more cases — 
th an  the agar gel diffusion m ethod. 40 % of the strains studied were inhibited  
by the usually applied doses of Gram oxone as indicated  bv the experim ents. 
R hizobia isolated from root nodules of pea-vetch were found to  be the most 
sensitive to  Gramoxone.
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A SURVEY OF HERBICIDE SENSITIVITY AND 
RESISTANCE OF RHIZOBIA

M. K e c s k é s

RESEARCH IN ST IT U T E OF SOIL SCIENCE AND AGRICULTURAL CHEM ISTRY 
OF T H E  "HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST, HUNGARY

H aving dealt w ith the  effect of fungicides, herbicides and  insecticides on 
rhizobia since 1964, we could, in m any cases com pare our results ob tained  
in A ustralia and  H ungary, in laboratory , light room, glasshouse and  field 
experim ents. On the basis of the data , we could establish th a t  there were 
pesticides which did not inhibit rhizobial grow th in laborato ry  conditions, 
b u t which proved harm ful to  rhizobia and  rhizobial inoculation in glass
house and field. (Kecskés, 1970). In  contrast, we found pesticides which 
resu lted  a  sim ilar negative effect on rhizobia under different env iron
m ents (like Ceresan in Australia) or we received the same effect w ith 
K loben, Aresin etc. herbicides in tlie field as in the laborato ry  (Borbély and 
Kecskés, 1970).

As regards the effect of herbicides on rhizobia, m any articles have a p 
peared (e.g. V intikova e t al. 1963 and 1964, K aszubiak 1966, Avrov 1966, 
Garcia and Jo rd an  1967, M ikhaylova 1968, Avrov e t al. 1968) dealing w ith 
the in teraction of some herbicides or some rhizobial strains.

Due to  the rapid  developm ent of herbicide research and  its application 
in practice, the problem  of rhizobial sensitiv ity  and  resistance to  these 
herbicides forced us to  do a general survey on this question. F or this reason 
we stud ied  the effect of 104 herbicides under laborato ry  conditions on 
26 represen ta tives of the six species of Rhizobium genus, hoping to  receive 
some prelim inary inform ation — as regards the  sensitivity  or resistance 
of rhizobia — for our fu rth e r work w ith these herbicides and  rhizobia.

M A T E R IA L  A N D  M E T H O D

The investigated  strains of the different species of Rhizobium  genus 
(according to  Bergey’s M anual) were chosen in such a way th a t they  originated 
from  the roo t nodules of different legume host p lan ts  grown under various 
clim atic and o ther conditions o f six countries from  three continents and of 
different age, effectiveness, etc. Moreover, m ost of them  were used for ino
cula of the different legume host p lan ts cultivated  in agricultural practice.

We wished to  ensure in this way a generalization of our results as far as 
possible (Table 1).

The 104 herbicides were chosen from  the same poin t of view m entioned 
above, so as to  represen t m any chemical groups (F ryer and E vans 1968, 
U brizsy 1968) — som etimes m any agents having the same active in 
gredients — prepared  by com panies of num erous countries for the control of 
d ifferent kinds of p lan ts  (Table 2).
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As regards the investigation m ethod — according to  our aim  and  because 
of the trem endous num ber of tests  — we chose a quite simple one (m easur
ing the inhibitory  zone ) which was used by us in our earlier work (Kecskés 
and  Vincent 1969). For this, sa tu ra ted  paper discs 7 mm in d iam eter trip li
cates herbicides in excess (from 0.49 cg/disc) were used with large Petri 
dishes (140 m m  in diam eter) containing 35 ml УМА medium.

T ab le  1
R hizobium  strains

O r i g i n
Legu tn inosam m Phaseol i T rifo lii

Australia 1) SU 391 9) WA 67
10) WU 290

Bulgaria 2) 13/B
3) 22/B

П) tri 383

Czechoslovakia
Denmark

ti) D 407

H ungary 4) Bo 8/1 1) Bab 8/7 12) Lo 133/64
5) Bo 8/6 13) Lo 8/6

Poland 8) Fas 65

O r i g i n
S p e c i e s  a n cl l a  b  o r a t e г y  m и г к i il g

L u p in  i Ja p o n icu m M eli loti

Australia 20) SU 47

Bulgaria 15) 76/D 21) т е к  7
16) 34 22) т е к  200

Czechoslovakia 23) D 66
Denm ark 17) 633 24) 56
H ungary

14) Csf 8/3
18) Soya 1
19) Soya 3

25) Lu 8/10

Poland 26) N 96

* SU 391: o rig inally  from  USA 
a lto g e th e r: 26 s tra in s
N o. 1— 26 =  T he n u m b er o f  s tra in s  listed  in T able  2 (e.g. N o. 1 =  SU  391 etc.).

R E S U L T S

I t  would take a long tim e to  discuss in detail all the d a ta  obtained during 
our investigations, therefore we should like to  give a general review on the 
basis of the inhibitory  ra te  of herbicides (Table 2), and  the list of non- 
inh ib itory  herbicides (Table 3 )as well as the herbicides having the strongest 
inhib itory  effect (Table 4).

As it was dem onstrated  in Table 2 the stim ulato ry  effect of herbicides 
was no ted  only in 14 cases of six strains of 5 species (No. 5, 7, 11. 18, 20,
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22) b u t a t the same tim e the No. 5 strain  of Rh. leguminosarum and  No. 7 
strain  of Rh. phaseoli had  no inhibition at all — ap a rt from  strains No. 23 
and  No. 1, 24 — by the relatively  g rea ter num ber of herbicides. In  contrast 
to  this the No. 9 stra in  of Rh. trifolii was strongly inh ib ited  by the g reatest 
(76) num ber of herbicides.

The d a ta  of Table 3 dem onstrate , th a t  Venzar and  D achtal did  not inhibit 
the grow th of 50%  of the observed strains, A quathol G, E m b u to r E  64.6%  
and  P lanavin  68.4% . The m ajority  of the strains (more th an  half) were 
strongly  inhibited  by Basam id, Balan, A vadex, Bexone, A retit, A tracil C 
and  though in this case the herbicides cannot be sharply  differentiated  
according to  chemical groups, nevertheless, th iocarbam ates proved  to  be 
more inhibitory.

The com parison of the individual strains as the represen ta tives (together) 
of the different species serve as in teresting  data .

As an  end  resu lt it  could be established th a t abou t half of the  herbicides 
did  no t prove to  be toxic to  all 26 strains.

Thanks are due to Prof. J. M. Vincent, Dr. L. Raicheva, Dr. E. Hamatova, 
Prof. H. L. Jensen. Dr. W. Malisevska, Mrs. É. Bakondi and Mrs. B. Ocsay, 
moreover to mv assistants Miss K. Schmidt and Miss Zs. Gebauer.

SUM M ARY

The effect of 104 herbicides belonging to  26 different chemical groups 
was studied on 26 strains representing six species of Rhizobium  genus in 
labora to ry  conditions.

The sensitiv ity  and  resistance of rhizobia to  the investigated  herbicides 
was no ted  on the basis of the inh ib itory  ra te  of herbicides.

The non-inhibitory  herbicides and  the herbicides having the strongest 
inhibitory  effect were listed.
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T a b le  2
Inhibitory and stim ulatory effect of herbicides on growth of Rhizobia

Inhibitory zones in 
mm and stimulation

Laboratory marking of strains

* Number and percent of the inhibitory (stimulatory) herbicides

* 1 2 3 4 5 6 7 8 9 10 11 12 13

Stimulation 2 2 _ 1 —
— 1.92 1.92 0.96

No 19 1 1 14 14 20 6 19 12 о 15 10 4 4
inhibition 18.24 10.56 13.44 13.44 19.2 5.76 18.04 11.52 5.76 14.40 9.60 3.84 3.84

J nhibition 11 4 5 6 17 1 12 2 0 3 9 4 0
0 9 mm 10.56 3.84 4 .<S() 5.76 16.32 0.96 11.52 1.92 0 2.88 8.64 3.84 0

Inhibition 47 44 38 44 42 35 38 37 5 34 46 38 61
10—29 mm 45.12 42.24 36.48 42.24 40.32 33.60 36.48 35.52 4.80 1 32.64 44.16 36.48 58.56

I nhibition 21 45 40 31 15 60 25 42 17 46 25 47 39.
30 120 mm 20.16 43.2(1 38.40 29.76 14.4 57.60 24.0 40.32 16.32 44.16 24.0 45.12 37.41

Inhibition 6 0 7 9 8 2 8 1 1 76 6 1 1 1 0
140 mm 5.76 0 6.72 8.64 7.68 1.92 7.68 10.56 72.96 5.76 0.96 10.56 0



Laboratory marking of strains

Inhibitory zones in 
nnn and stimulation I

Stimulation

No
inhibition

Inhibition 
8 9 mm

Inhibition
lb  29 mm

I nhibition 
30 120 mm

I nhibition 
140 mm

* Number and percent of the inhibitory (stimulatory) herbicides

* 14 lő 16 17 18 111 20 21 22 23 24 2.3 26

5 1 11 7

3
2 .8 8

5 8

3
2 .8 8

13 10

3
2 .8 8

2 24 19 12 14
4.80 0.90 10.50 0.72 4.80 7.68 12.48 15.30 1.92 23.04 18.24 10.82 13.4

14 7 1 3 1 2 14 15 1 11 10 5 12
13.44 0.72 0.90 2 .88 0.90 1.92 13.48 14.40 0.90 10.50 15.30 4.80 11.52

(18 35 34 34 54 40 48 43 04 53 40 35 58
05.28 33.00 32.04 32.04 51.84 44.10 40.08 41.28 01.44 50.88 44.10 33.0 50

17 49 40 49 41 38 20 10 34 10 17 43 14
10.32 47.04 44.10 47.04 39.36 30.48 19.2 15.30 32.04 9.0 10.32 40.28 13.4

0 12 12 1 1 0 10 6 2 0 0 6 9 0
0 11.52 11.52 10.50 0 9.00 5.70 1.92 0 5.76 5.70 8.04 5.70
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Herbicides

A 2591 
Aniten D 
Aquathol G 
Avadex 
Balan 
Betanol 
Camparol 1 «403 
Casoron 133 
Co torán 
Cycocel I. 
Cycocel II. 
Dikonirt 
Dikotex 40 
Dachtal 
Dymid 
Em butor E 
R . E ptapur 
Gesa^ard 50 
Gesapax 50 
Gesaprim 50 
Gesaprim 1 «Я02 
Gesaran 
Gesatop 50 
Hoe 2004

T ab le  3
N  on-inhibitory herbicides of Ute investigated 104 'preparations

Number and percent of non-inhibited strains

1 2 3 4 5 6 7 8 9 10 11 12 13 17 18
(3.8) (7.6) (11.4) (13.2) (19-0) (22.8) (26.6) (30.4) (34.2) (41.8) (45.6) (38.4) (50.0) (64.6) (68.4)

+

+

H“

+
4 -

+

+
“ Г

+
+
+

- f

-1

+

+

4 -

4 -

4 -

+

4 -

+
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H o rt ox
H ungazin DT
H yvar
I gran 50
]gran  2105
Kloben
MH 30
Planavin  75
Potablan
Prevenol H“
Pyram in +
Reglone
Sequestren Na2 Zn +
Sinbar 1
Sys 67 I. +
Sys 67 11. +
Tel var H-
T enoran
TOK E 25
T ribun  il 1 +
Tropotox 4-
V egadex +
Vegiben
Venzar
Vernam +
W L 19805
H ungária Viratol +

Herbicides, % 8.64 12.48 4.8 1.92

: no inh ib ition .

2.SS

+

+
4

+

+

2.88 ! 1.92 1.92 1.92 | 0.90 1.92 I 1.92

4

1.92 1.92 0.90



Tabló 4
The strongest inhibitory herbicides oj the investigated 104 preparations

Number and pen ent of nhibited strains

Herbicides 1 2 3 - 7 10 12 14 15 17 20
(3.8) (7.6) (11.4, (19.0) (26.6) (38.2; (45.6) (53.8) (87.0) (64.6) (76.4)

Amitrol TL 
A retit

+
+

Atracil C 
Avadex 
Balan 
Banvel D +

+
+

+

Banvel M +
Basa mid 
Betanol 
Bexone 
Bidisin

t

+
+

+

BNP H"
Camparol 1803 
Campione + r

Ca soron +
Ohlorflurazole +
Cotoran +
Cyeocel +
Cycocel (liquid) 
Dachtal 1

+

MP 58 
Tonitox

-L

+

Herbicides % 5.94 2.88 0.96 1.92 0.96 1.92 0 .9 6 1.92 1.92 0.9(i 0.96

very  s tro n g  inh ib ition .

L IS T  O F  H E R B IC ID E S  U SE D  IN  O U R  IN V E ST IG A T IO N S

A) CONTACT HERBICIDES

I . N üro-com pounds :
1. B N P  20: 2 ,4 -d in itro -6 -s-bu ty lpheno l 20%  D inoseb
2. D N B P  20: 2 ,4 -d in itro -6 -s-bu ty lpheno l
3. H oe 2904: 2 ,4 -d in itro -6 -s-bu ty lpheno l a ce ta te
4. A re tit: 2 ,4 -d in itro -6 -s-bu ty lpheno l a ce ta te
5. A m ine 20% : D N B P  solu tion
6. R a p h a to x : 2 -m ethy l-4 ,6 -d in itropheno l

I I .  Chlorinated phenols:
7. T O K  E —25: 2 ,4 -d ich lo ropheny l-4 -n itropheny l e th e r

I I I .  B ip yr id y liu m  derivatives :
8. G ram oxone: 1 • 1 ’-d im ethy l-4 ,4 ’-b ipyridy lium -dich loride
9. R eglone: l , l ’-m ethy lene-2 -b ipyridy lium  d ib rom ide 20%
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В ) SYSTEMIC H ER B IC ID ES

P h e n o x y - a l k y l - c a r b o x y l i c  a c i d s  a n d  t h e i r  d e r i v a t i v e s

IV . 2,4,5-trichloro-phenoxy acetic acid and. its esthers:
10. E m b u to r  E : b u ty le s th e r o f  2,4 I )В
11. T rifenox  80: 2 ,4 ,5 -trich lo rophenoxyaeetic  acid
12. Sys 67/B: 4 ,(2 ,4 -d ich lo rophenoxy)bu ty ric  acid
13. L egum ex D : 4 ,(2 ,4 -d ich lo rophenoxy)bu ty ric  acid

V. 2,4-dichlorophenoxy acetic acid. and. its salts and esthers:
14. L ironox: 2,4-D am ine-sa lt
15. D ik o n ir t: 2 ,4 -d ich lorophenoxyacetic  acid

V I. Chloro-crezoxy-acetic acid salts:
10. Л1 52: Iv-salt o f  MC PA
17. D ik o tex  40 4 -ch lo ro -2-m ethy lphenoxyacetic  acid

V II . P henoxy propionic acid derivat ives :
18. Sys 67 I: ( + )-2 -)4 -ch lo ro -2 -m ethy lphenoxy)p rop ion ic  acid
19. Sys 67 I I :  ( + )-2 -(4 -ch lo ro -2 -m ethy lphenoxy) prop ion ic  acid
20. M P 58: К -sa lt o f  m ecoprop

V III . Other phenoxy derivatives:
21. T ropo tox : 4 -(2 -m ethy l-4-clilo ro-phenoxy)-bu tyrie  acid
22. D yserbo : d ich lo ro -phenoxyethano l
23. B exone: 4 -(4-ch lo ro -2 -m ethy lphenoxy)-bu ty ric  acid
24. L egum ex M: 4-(4-ch lo ro -2 -m cthy lphenoxy)-bu ty ric  aci<l

H a l o g e n  d e r i v a t i v e s  o f  b e n z o i c  a c i d

IX . Other substituted halogenic acids:
25. V egiben: 3-am ino-2,5-dichlorobenzoic acid 10.8%

X . Halogen ized aliphatic carbonic acids:
26. B id isin : 2-chloro-3-(4-chloro-phenyl)-propionic acid  m ethy l-

ester

A l i p h a t i c  с a  г b о n  a m  i d e s

X I. AIpha-chlor-acetamides :
27. L eguram e: pheny l-carbam oyl-oxy-2 -N -ethy l p rop ion  am ide

X II . A n ilid es:

28. P o tab lan : a lfa ,a lfa -d im ethy l valerian ic  acid-4-chloro-anilide
29. R am ro d  : 2-ch loro-N -isopropyl-N -phenylacetam ide
30. S tarn  F  34/A: N -(3 ,4-d ich lorophenyl p rop ionam ide
31. S tam  F  34: N -(3 ,4’d ieh lo ropheny l p rop ionam ide
32. D ym id: N N -d im ethy ld ipheny lace tam ide
33. H o rto x : N ’-(3-chloro-4-m ethylphenyl)-2  m e th y lp en tan e -am id e

(46.50% )

C a r b a m a t e s  

X  H I. Phenyl-carbamates :
34. P reveno l cone.: isop ropy l-N -(3 -ch lo ropheny l)carbam ate
35. H u n g á ria  C IPC : isopropyl-N -(3-chlorophenyl) ca rb am ate
36. B e tan a l: 3 m ethoxy -carbony l-am ino-pheny l-N -(3 ’-met,hyl-

phenyl) ca rb am a te
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X IV . Thiocarbnmates :
37. T illam  0 17: S -p ro p y l-N -b u ty l-N -e th y l(th io carb am ate )
38. V ernam : S -propyl-N -N ’-d ip ropy l-(th iocarbam ate)
39. A vadex : S -2 ,3-dichloroalkyl-N -N ’-d iisopropy l(th iocarbam ate)
40. V egadex: d ie th y l-d ith io -ca rb am ate  ae id -ch lo roalky l-ester 40.4%
41. B asam id : 3 ,4 ,5 ,6 -te trahyd ro -3 ,5 -d im ethy l-l,3 ,5 -th iad iaz ine-2 -

th ione
42. C atnpione: (E PT C ) S -e thy l-N ’N -d ip ropy l (th io carb am ate)
43. O rdram : S -e th y l-h ex a h y d ro -l-H -azep in e -l-c a rb o th io a t

X V . Urea derivat ives :
44. Tel v ar: N ’-(4-ehlorophenyl)-X -N ’-d im eth y lu rea
45. C otoran : N -(3 -trifluo rom ethy l ph en y l)-N -N ’-d im ethy lu rea
40. A resin : N ’-(4 -ch lo ropheny l)-N -m ethoxy-N -m ethy lu rea
47. P a to ra n : N ’-(4-brom opheny l)-N -m ethoxy-N -m ethy lu rea
48. L inu ron : N -(3 ,4-d ich lorophenyl)-N ’-m etfioxy-N -m ethy lu rea

(50% )
49. A falon: N -(3 ,4-d ich lorophenyl)-N ’-m ethoxy -N -m ethy lu rea
50. R . E p ta p u r :  N ’-(4 -ch lo ropheny l)-N -isobu tyny l-N -m ethy lu rea
51. K loben: N -b u ty l-N ’-(3,4-<Íichlorophenyl)-N -m ethyíurea (60% )
52. T enoran : N ’-4-(4-ehlorophenoxy)-phenyl-N -N ’-d im ethy lu rea
53. DOPT I: N ’N -bis-(2 ,2 ,2 -trich lo ro -1 -h y d roxy -e thy l)u rea
54. DCU I I :  X ’N -b is-(2 ,2 ,2-trich loro-l-hydx 'oxy-ethy l)urea
55. T ribun il: N ’N -d im eth y l-N ’-(2-benzth iazo ly l)urea

X V I. Benzo-nitrile and thioamide derivatives :
56. (fasoron 133: 2 ,6-dichlorobenzonitrile
57. T reflan: 2 ,6 -d in itro -N ’N -d ip ropy l-4 -trifluo ro -m ethy l aniline
58. Prefix: 2 ,6-dich loro th iobenzam ide
59. N PH /1264 : К -sa lt o f  3,5-dibrom o-4-hydroxyben7.onitrile
60. X P H /1254: N a-sa lt o f ioxynil

X V II .  Phthalic arid  esters:
61. D achtal: d im e th y l 2 ,3 ,5 ,6 -te tra ch lo ro te rep h th a la te  (75%  t- t.

acid)

D i f f e r e n t  c y c l i c  c a r b o n i c  a c i d  d e r i v a t i v e s
X V II I . H exa-hydro-phthalate :

62. H y d ra th o l: 7 -oxab ieyclo (2 ,2 ,l)-hep tane-2 ,3 -d icarboxy lic  acid
63. A q u a th o l G: 7 -oxab icyclo (2 ,2 ,l)-hep tane-2 ,3 -d icarboxy lic  acid

X IX . T riazine  derivatives:
64. W L 19805: 2-(4-chloro-6 ethy l-am ino-S -triaz ine-2 -y l am ino)2

m e th y l-p ropion itrile
X X . .4 Ikyl-amino-chloro-trictzines :

65. H u n g az in  D T : 2-chloro-4 ,6-bisethylam ino 1 ,3,5-triazine
66. G esatop  50: 2 -chloro-4 ,6-bisethylam ino 1 ,3,5-triazine
67. G esaprim  50: 2 -ch loro-4-ethylam ino-6-isopropylam ino- 1 ,3 ,5-triazine
68. A  2591: 4 -ae thy lam ino-2s-bu ty lam ino-6 -m ethoxy-s-triaz ine

X X I. M ercapto-triazines :
69. G esagard  50: 2,4-b isisopropy lam ino-6 -m ethy lth io -1 ,3 ,5 -triazine
70. Sem eron: 2 -isopropy lam ino-4 -m ethy lam ino-6 -m ethy lth io -l,3 ,5 -

-triaz ine
71. G esapax  50: 2 -e thy lam ino-4 -isopropy lam ino-6 -m ethy lth io -1,3,5-

- tr iaz ine
72. Ig ra n  50: 2 -e th jd am ino -4 -m ethy lth io -6 -t-bu ty lam ino -l,3 ,5 -

-triaz ine
73. Ig ra n  2105: 2 -e th y lam ino -4 -m ethy lth io -0 -t-bu ty lam ino -l,3 ,5 -

- tr iaz in e
74. M erkazin  : 2 ,4 -b isisopropylam ino-6-m ethy lth io- 1 ,3 ,5-triazine
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O t h e r  h e r  b i c i  d a l  a c t i v e  i n g r e d i e n t s :

X X II .  Heterocyclic compound* :
75. A m itro l T L : 3 -am ino-1,2,4-triazo lpn ium -rodam ide
76. A m ino T riazole: 3-am ino-1 ,2 ,4-triazole
77. S inbar: 5 -ch lo ro -6 -m ethy l-3 -t-bu ty lu rae il (80% )
78. V enzar: 3 -cyelohexy l-5 ,6 -trim ethy leneuracil
79. H y v a r: 5 -brom o-6-m ethy l-3 -s-bu ty lacril (80% )
80. P y ram in : o-am ino-4-chloro-2-phenylpyridazin-3(2H )-one

X X II I .  B aiun: N -butyl-N -ethyl-2 ,6-dinitro-4-trijluorm ethylalanilin
82. P lan av in  75: 2 ,6-d in itro -4 -m ethy lsu lphony l-N -N ’-d ip ropy lan ilin

(76%)

C) OTHER H ER B IC ID ES

X X IV . Regulators not a u x in  type :
83. Cycocel I : (chloro-cholin-chloride)
84. Cycocel 11: (chloro-cholin-chloride)
85. M H  30: l,2 -d ihyd ropy ridazine-3 ,6 -d ione  (m alein-hydrazid)

X X V . Substitu tives for lack of trace elements:
86. S equestren  138 F e : E D D H A -N aF e  (6%  Fe)
87. S equestren  N a 2Zn: E I Л ’А -X a2Zn (14.2%  Zn)

X X V I. Combinat ions :
88. A n iten  D : 2,4-1) +  F lu reno l (as d im eth y lam in o  salts)
89. A n iten  M: M CPA -|- F lu ren o l (as d im eth y lam in o  salts)
90. A trac il C: ioxynil -f- m ecoprop  as th e  po tassium  sa lts
91. B anvel D : 2 -m ethoxy  3,6-dichloro-benzoic-acid -f- 2-4 D
92. B an v e l M: 2-m ethoxy-3 ,6-dichloro-benzoic-acid  -j- M CPA
93. C arnparol 1803: P ro m e th ry n e  r Sim azine
94. C hlorflu razo le: X B : C hlorflurazole 4- MCPA
95. E m b u to x  p lus: 2,4-D B  +  MCPA
96. G esaran: 2 -isopropylam ino-4(3-m ethoxypropilam ino)-0-m ethyl-

th io -l,3 ,5 -tr ia z in e  -f- S im azine
97. G esaprim  1802: A m etrine  +  A traz ine
98. H oe 2849: D inoseb-acetate  -f- m ono linu ron
99. H u n g á ria  V ira to l: A k tin it P K  20%  -|- M erkazin  8%  -j- Sazol 15%  D i-

k o n ir t 15% -)- in e r t  m a te ria l
100. L iro -B etarex  : IP C  -j- D iu ron
101. M urbeto l: E n d o th a l -\- p ro p h am
102. Sam inol: S im azine -j- am itro le
103. T on itox : A k tin it P K  (20% ) ch lo rophenoxyacetie  acid  (35% )

-|- K rezo n it E (3% ) -\- in e r t m a te ria l 
104 T ropo tox  plus: M CPB -f- MCPA Sodium  sa lts  (30% )
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SE N SIT IV IT Y  OF ROOT-NODULE BACTERIA TO 
D IF F E R E N T  SE E D  PROTECTANTS

K e e a m a u  M. F a w a z , A. S. A b iie l -G h a f f a r  and  M. M. E l -G a b a l y

COLLEGE OF AGRICULTURE,
D EPARTM ENT OF SOIL AND W ATER SCIENCES, U N IV ERSITY  OF A LEX AN D RIA , F A R

The use of compounds, e ither in pow dered or liquid forms, to  com bat 
p lan t diseases is a w el-established practice. Since the rep o rt of H iltner and 
S trom er (1903 a and  b) there have appeared  a num ber of papers, em phasiz
ing the value of these various substances for desinfecting seeds or soils, 
(Fred et ál. 1932).

In  relation to  legume seed inoculation, the use of these seed desinfectants 
provides a problem . At first as po in ted  o u t by  Robinson (1910) it was 
im practicable to  tre a t the seed w ith a strong poisonous agent and  im m e
d iately  afterw ards to  add  a pure culture of bac teria  or vice versa. Obviously, 
such a trea tm e n t would injure or destroy the bacteria. Therefore cup plate  
technique was used in this phase of stu d y  to  show the  sensitiv ity  of the 
different Rhizobium  strains tow ards the seed p ro tec tan ts  used in UAR.

MATERIAL AND METHODS

Forty-one strains of rhizobia representing 7 Rhizobium species from  the 
D epartm en t of Soil and  W ater Science, U niversity  of A lexandria collection 
were used in this study. All strains were m aintained on slopes of yeast 
m annito l agar (Allen 1959).

E th y l alcoholic solution of the seed p ro tec tan ts:
1. A ntracol: (zinc-1,2-propylene-bis-dithiocarbam ate)
2. K arathane : (2,4-dinitro-6-(2-octyl)phenyl crotonate)
3. C aptan: (N -trichloro-m ethylm ercapto-4-cyclohexene-l,2-dicarboxim ide)
4. Ceresan W et: (E thyl-m ercury-2,3-dihydroxy-propvl-m ercaptide)
5. Spergon: (2,3,5,6-tetra-chloro-l,4-benzoquinone)
6. Thiram : [tetram ethyl-th iuram -disulphide-bis-(d im ethyl th iocarbam yl)] 

disulphide
7. D ithan  M 45: (A Co-ordination product of zinc ion and  m anganese e th y 

lene -bis-dithiocarbam ate )
8. Ceredon-T: (quinone-oxim e-benzoyl-hydrazone)
9. Ceresan: (ethyl-m ercury-2,3-dihydroxy-propyl-m ercaptide)
10. Rhizoctol: (m ethyl-arsenic-sulphide)
were used to  te s t th e ir toxic effect. The cup> plate  m ethod was used 
to  te s t the toxic effect. Control plates, using only alcohol instead  of the 
alcoholic solution of the seed p ro tec tan ts, for each rhizobial strain , were 
used.
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RESULTS AND DISCUSSION

Prelim inary  studies on the effect of seed p ro tec tan ts  on the grow th of 
root-nodule bac teria  showed th a t:
1. E th y l alcohol solutions were more suitable for the used assay cup m ethod 

th an  solutions of w ater or o ther solvents.
2. M easurable inhibition zones were ob tained  by using 50,000 p .p.m . of 

A ntracol and  K ara th an e  and  10,000 p .p.m . of the o ther te s ted  seed p ro 
tec tan ts .
The d a ta  p resen ted  in Tables 1,2 and  3 and  Figs 1, 2 and  3 show the size 

of inhibition zones obtained upon assaying the ten  seed p ro tec tan ts, 
against the 41 strains of rhizobia which represen ted  7 cross-inoculation 
groups by  the cup-plate m ethod. In  general, K arathane was the least toxic 
seed p ro tec tan t am ong the tes ted  groups w ith  respect to  the used technique. 
A lthough A ntracol and K arathane were used in higher concentrations, 
they  were less effective th an  the  others. The tes ted  seed p ro tec tan ts  could 
be arranged according to  the effect of the used concentrations and  the 
d iam eter of inhibition zones as follow:

Ceresan W et. Thiram  and  Ceredon-T )  Thizoctol and Ceresan )  C aptan 
and D ithan M 45 )  Spergon )  A ntracol ) K arathane .

T able 1
Effect of seed protec'(ints on growth of R hizobium  metiloti 

m id Rhizobium  tr i fo ld  using  the assay cup method

Diameter of inhibition zones in mm with seed protectants*

Species and strains S

a g
< 1 я

1

» s

%
2 1 о

s

R h. meliloti
107 27 ' 35 26 46 12 55 12 33 18 —
112 28 1 59 29 55 21 53 25 54 45 31

R h. trifo lii
202 15 27 15 11 33 15 33 15 19
203 15 j — 24 13 17 34
215 29 20 36 25 10 25 17 25
210 14 18 38 25 25 29 34 22
22(1 12 12 43 28 12 26 22 20
233 12 12 38 22 11 18 23 22
230 — — 16 25 22 18 16 20
239 28 20 36 Ии 17 — 20 22
240 25 12 29 _ 15 — 19 90 90

* C o n cen tra tio n  o f  A n traco l an d  K a ra th a n e  w as 50 000 p .p .m , o th e rs  1000 p .p .m . 
—  N o inh ib ition .
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T able 2
Effect of seed protectants on growth of R hizobium  phaseoli 

using the assay cup method
Diameter of inhibition zones in mm with seed protectants*

Species and strains
- P

1 1 1 X Sc 
о  --/Г

s

Ю
g
3 Kh

izo
cto

l

R h. phaseoli
41.7 — 32 22 28 ! 12 49 34 «1 22
41« 36 25 36 15 28 27 30 33 20
417 24 25 23 3« 20 46 28 54 34 22
456 — 14 28 36 11 27 12 m
4«2 19 40 30 1« 25 29 и

4«4 12 3« 14 9 18 21 3«
467 12 21 24 24 — 29
468 20 21 22 18 27 IS 25 90 32
469 23 15 33 12 16 18 21 30 37
473 33 1« 1 14 28 I 9 45 14 14 30 30
47« 14 24 25 40 11 46 17 41 30 33
477 25 15 6 6 47 30 56 «0 19
4S3 1« 11 45 38 15 37 40 1«
485 38 17 43 1 1 43 32 36 50 23
487 3(1 30 55 1 1 50 30 45 36 37
493 15

1

14 — 14

* C oncen tra tion  o f A n traco l and  K a ra th a n e  w as 50,000 p .p .m , o th e rs  1000 p .p .m . 
—  N o inh ib ition .

The resu lts are of p a rticu la r in terest, in th a t  a m arked an tib io tic ac tiv 
ity , was shown by seed p ro tec tan ts  against certain  rhizobial strains. Hofer 
et al. (1956) and  V intikova et al. (1963) noticed th a t rhizobia differed som e
w hat in th e ir sensitivity  to  herbicides.

This investigation indicated also th a t the severity  of seed p ro tec tan ts  
to  rhizobia m ight be lessened by  proper selection of rhizobia strains and 
seed p ro tec tan t. I t  is conceivable th a t  resistance to  seed p ro tec tan ts  m ay 
partia lly  determ ine success of Rhizobium  strains in a m ixture during inoc
ulation.

The sensitiv ity  of the tes ted  bac teria  seemed to  be a p roperty  of the strain  
and  to  some ex ten t of the species.

SUM M ARY

The seed p ro tec tan ts  used in th is phase of s tudy  were: — Antracol, 
K arathane, Captan, Ceresan-W et, Spergon, Thiram , D ithan  M 45, Cere- 
don-T, Ceresan and Rhizoctal.
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Effect of seed protectants on growth of R hizobium  legum inosaritm , 
lotus bacteria, R hizobium  lu p in i and R hizobium  japon icum  

using  the assay cup method

Table 3

.Species and strains

Diameter of inhibition zones in mm with seed protectant®

1

c

I
1
§ tß

rn
J 1 :f.

5

Jt/i. legnminosa-
rum

301 19 17 25 — 25 — 31 17 —
307 14 30 11 28 i l 45 14 45 15 31
351 14 11 26 — 26 29 19 25
352 22 13 34 — 30 1 1 33 30 20

Lotus bacteria
701 20 25 15 48 — 20 IS 39 11
704 — — 15 25 26 — 26 25
709 — 22 12 22 17 11 17 16
712 12 — 13 32 17 — 18 13 22
713 29 25 18 50 15 42 24 42 54 27

Ilk. lupini
804 20 25 14 52 15 28 19 26 29 17
558 12 27 37 — 35 12

IVi. japonicum
505 1 ! — — 15 - 10 —
507 12 30 — — 30 — 10 — 22

* C o n cen tra tion  o f  A n traco l an d  K a ra th a n e  w as 50,000 p .p .m ., o th e rs  1000 p .p .m . 
—  N o inh ib ition .

An ethy l alcohol solution was p repared  from each seed p ro tec tan t. The 
size of inhibition zones upon assaying the ten  seed p ro tec tan ts  against 
41 strains of rhizobia representing 7 Rhizobium species by the  cup m ethod 
were obtained. M easurable inhibition zones were ob tained  by using 50.000 
p .p .m  of A ntracol and  K ara th an e  and  1000 p .p .m  of the o ther tes ted  seed 
p ro tec tan ts.

In  general, K arathane was the least toxic seed p ro tec tan t am ong this 
grouja w ith  respect to  the used technique. A ntracol and  K ara th an e  although 
used in higher concentrations were less effective th an  the others. The used 
ten  seed p ro tec tan ts  inh ib ited  the grow th of root nodule bac teria  as te s ted  
by  the p late  cup technique. The seed p ro tec tan ts, could be arranged  accord
ing to  the effect of the used concentrations and  the d iam eter of inhibition 
zones for rhizobia strains as follows:

Ceresan W et, Thiram  and  Ceredon-T )  Rhizoctol and Ceresan > C aptan 
and  D ithan  M 45 )  Spergon )  A ntracol > K arathane.

The sensitiv ity  of the bac teria  seemed to  be a  p roperty  of s train  and  to  
some ex ten t of the species.
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Fig. 1. Inh ib ito r! o f R hizobium  tr ifo lii (s tra in  216) b y  seed p ro 
te c ta n ts . A )  In h ib itio n  b y  500,000 p .p .m . A n traco l. H J In h ib itio n  

b y  1000 p .p .m . C ap tan

F ig . 2. In h ib itio n  o f  Rhizobium  phaseoli (s tra in  417) b y  seed 
p ro te c ta n ts . A )  In h ib itio n  b y  1000 p .p .m . I) ith a n  Ы 46. B )  In h i

b itio n  by  1000 p .p .m . don-T-C r



Fig. 3. In h ib itio n  o f  Rhizobium  phaseoli (s tra in  477) b y  seed 
p ro te c ta n ts . A )  In h ib itio n  by 1000 p .p .m . C eresan. B )  In h ib ition  

b y  1000 p .p .m . R h izo c ta l
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EFFECT OF PESTICIDES ON R H I Z O B I U M  
INOCULATION, NODULATION AND SYMBIOTIC 
N-FIXATION OF SOME LEGUMINOUS PLANTS

S. M. T a h a , S. A. Z. Ma h m o u d  and S. H. Sa l e m

FACULTY OF AGRICULTURE OF AIN SHAMS U N IV ERSITY , SHOUBRA EL-KHA1MA, UAR

Pesticides are extensively used nowadays to combat harmful effects, patho
genic fungi and weeds. Since most of the organic pesticides are enzyme in
hibitors, they are supposed to affect the soil and rhizospheric microflora 
including indigenous and inoculated rhizobia, when they reach the soil 
in considerable amounts. Some pesticides, however, were found to stimulate, 
rather than inhibit the soil microflora.

The stim ulating  effect of herbicides and  insecticides on nodulation was 
recorded by some investigators such as Anderson and B aker (1950), Abou 
E l-Fadl anil F alim y (1958). T hey found th a t  2,4-D and  DDT had  a s tim u 
latory effect on the form ation of nodules of some legum inous p lan ts. T aha 
e t  a l . (  1966) showed also a stim ulating  effect of D ip terex o n  the form ation 
of m any effective nodules of b road  bean and  E gyp tian  clover. On the o ther 
hand, o ther investigators showed th a t herbicides and  insecticides m ight 
inhibit rhizobia or nodulation process, am ong them  were P ayne and  F u lts  
(1947), Nilsson (1957) an d  B raithw aite et a l .  (1958). T aha et a l . (1966) 
stud ied  ano ther herbicide (CIPC) and they  found th a t  it com pletely inh i
b ited  nodulation in bo th  broad  bean and clover.

The effect of fungicides on the nodulation process was studied by some 
investigators such as Duggar (1935), Appleman (1941), Kernkamp (1948). 
They showed that application of fungicides in field practice caused no 
deleterious effect on R h i z o b i u m  present in the soil and nodulation of legume 
plants. Others found that mercuric fungicides inhibited nodulation of legu
minous plants or the root nodule bacteria, among them were Kadow el a l .  
(1937), Appleman (1941), Ruhloff and Burton (1951), Peterson and Buch- 
holtz (1955), Hofer (1958), Jakubisiak and Golebiowska (1964) and Gole- 
biowska (1966). They found that mercuric preparations were highly toxic 
to fungi and nodule bacteria of pea, clover and cowpea.

These views dem onstrated  th a t, there were some contradictions in the 
d a ta  ob tained  by  different investigators depending on the chemical form ula 
of the pesticide, its concentration, its mode of action and  the sensitiv ity  
of rhizobia to  these m aterials.

As little data were available on the effectiveness of inoculation following 
pesticide treatments under Egyptian conditions, it seemed desirable to 
investigate the influence of applying insecticides and fungicides in field 
practice on nodulation and rate of N-fixation in some leguminous plants.
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MATERIAL AND METHODS

P o t experim ents were carried ou t w ith sterilized and  non-sterilized soil 
in the greenhouse. The soil was fertile clay loam y soil, from  the College 
F arm  a t Shoubra E l-K haim a. Three soil trea tm en ts  were used, nam ely 
inoculated  sterilized soil, inoculated  non-sterilized soil, an d  uninoculated  
non-sterilized soil. Two leguminous p lan ts  b road  bean (Vicia faba) and  
lentil (Lens esculenta) were used in th is investigation. They had been cul
tiv a ted  in N ovem ber 1965. E ach  po t was sown w ith  7 seeds of b road  bean 
or 12 seeds of lentils. A fter 15 days from  sowing, the p lan ts were th inned  
to  leave 4 and  8 p lan ts  per p o t in case of b road  bean and  lentil respectively. 
P lan ts  were irriga ted  every 2 days w ith  sterile tap  w ater.

The following insecticides an d  fungicides were used:

I. Insecticides:
a) D ipterex: 0,0-D im ethyl-1 -hydroxv-2,2,2-trichloro-ethyl-phosphanate 

(80%  active ingredient) a t ra te  of 1.5 kg/ feddan.
b) E ndrin : H exa-chloro-phenoxy-octahydron (19.5%  active ingredient) 

a t  a ra te  of 2 kg/feddan.
All insecticides were sprayed by atom izer a fte r cu ltivation  of inoculated
seeds.

I I .  Fungicide:
Ceresan: E thyl-m ercury-phosphate ; a t  a ra te  o f 0 .5%  per seed weight. 

The fungicide was applied as seed dressing and  the inoculation w ith an 
appropria te  effective stra in  of rhizobia was carried  ou t using atom izer to  
the  soil a fte r the  tre a ted  seeds were sown.

In  case of insecticides, the  pots were divided into 3 sets. The first set 
received one spray of the insecticide 10 days a f te r  emergence, the second 
set received 2 sprays a f te r  10 and  20 days a f te r  em ergence while the th ird  
one received 3 sprays 10, 20 and  30 days a fte r emergence.

A fter 45 days, the nodules on every  p lan t root system  were counted, and 
the efficient nodules were so rted  according to  their size and  location on the 
root. D ry  w eight of the whole p lan ts  was also determ ined. T otal n itro g en  
was m easured in dried  p lan ts using the modified m icro-K jeldahl m ethod  
as a  criterion of nitrogen fixation.

R E S U L T S

Broad bean 'plants: "fable 1 shows the ac tion  o f pesticides on the n o d u la 
tion, dry  weight and  nitrogen fixation in broad  bean plan ts. The d a ta  showed 
th a t application o f D ipterex resulted in a sligth increase in the num ber of 
bo th  big and  to ta l nodules. I t  was also generally observed th a t the highest 
num ber of big nodules was ob tained  on p lan ts in sterilized soil when 
th ey  received two sprays. In  sterilized inoculated soil, for exam ple, the 
densities of big nodules on the roots were 71, 75, 96 an d  79 nodules/ 
p lan t for trea tm en ts  which had  received (control), 1, 2 an d  3 sprays of 
d ip terex  respectively. The respective values of to ta l nodules were 156, 
168, 176 and  162nodules/plant. Non sterilized soil e ith er inoculated  or uninoc
u la ted  gave the same general tren d . These d a ta  indicated  th a t  D ip terex  
had  a slight s tim ulato ry  effect on nodulation capacity  of broad bean plan ts.
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T able 1
Effect of pesticides on uodulaltion, dry mutter and  
nitrogen content of broad, bean p lan ts (V ic ia  faba)

Treated soil Pesticides Spraying
Count of nodules/plant 

small j big I total

Dry wt.* 
g/p»t

T. N.** 
mg/pot

Control None 85 71 156 5.63 196.49

In o cu la ted D ipterex 1 sp ray 93 75 168 5.74 216.91
sterilized  soil D ipterex 2 sp rays 80 1 96 176 5.87 259.07

D ip terex 3 sp rays 83 79 162 5.87 244.21
E n d rin 1 sp ray 83 70 153 5.76 225.63
E n d rin 2 sp rays 90 62 152 5.32 189.08
E n d rin 3 sprays 85 47 132 5.40 153.49

! Ceresan Seed dressing 65 39 104 3.98 146.91

Control None 83 102 185 6.41 224.19

In o cu la ted  non- D ip terex 1 spray 81 н е 197 6.53 235.64
sterilized soil D ipterex 2 sp rays 71 128 199 6.96 317.38

D ipterex 3 sp rays 101 115 216 6.51 267.69
E n d rin 1 sp ray 101 1 18 219 6.50 225.93
E n d rin 2 sprays 86 121 207 6.96 299.56
E n d rin 3 sp rays 73 139 212 8.19 352.71
Ceresan Seed dressing 56 89 145 5.65 218.94

Control None 32 63 95 5.44 186.70

U n inoculated D ipterex 1 spray 41 69 110 6.08 209.74
non-sterilized D ipterex 2 sprays 69 84 153 6.53 285.52
soil D ipterex 3 sp rays 42 81 123 6.93 221.73

E n d rin 1 sp ray 49 66 115 6.37 233.07
E n d rin 2 sprays 54 88 142 6.89 328.72
E n d rin 3 sprays 34 64 98 6.27 196.82

j  Ceresan 1 Seed dressing 15 46 61 4.09 172.41

* =  D ry  w eight.
** =  T o ta l n itrogen .

A pplication of D ipterex also showed a slight increase in the p lan t grow th 
as ind icated  by the  d ry  m a tte r of the p lants. This was illu stra ted  in the 
th ree soil trea tm en ts, nam ely sterile inoculated, non-sterile inoculated  
and  non-sterile non-inoculated soils. The to ta l nitrogen con ten t increased 
b y  the  application of D ipterex. The increase was more pronounced in p lan ts 
which received 2 sprays. T otal n itrogen was found to  represen t 216.91, 
259.07 and  244.21 m g/pot for p lan ts received 1, 2 and 3 sprays respectively 
under sterile inoculated conditions. This coincides w ith the  d a ta  of big 
nodule counts and  d ry  weight.

U nlike D ipterex, E ndrin  tre a tm e n t was found to  show a decrease in the 
density  of large and  to ta l nodules on the root system  of tre a ted  p lan ts  in 
sterilized inoculated  soils. The inhibitory  effect increased w ith  the  num ber 
of sprays. In  non-sterilized inoculated  and  non-inoculated soils, however,
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the figures of big nodules were higher th an  the control. In  case of d ry  
weight effect, the same general tren d  was observed in nearly  all trea tm ents. 
W ith  regard  to  nitrogen fixation, it was generally found th a t  there was a 
considerable decrease in the  nitrogen conten t in case of additional 2 or 3 
sprays of Endrin  to  sterilized soil. In  non-sterilized inoculated soil, on the 
o ther hand, the  nitrogen con ten t was found to  be the highest in the t r e a t
m ents which received 2 or 3 sprays. This indicated  th a t the presence of 
the norm al microflora is very  im p o rtan t for the degradation of E ndrin  and 
thus decreases its toxicity .

A pplication of Ceresan as seed dressing resu lted  in considerable decrease 
in the  num ber of big and  to ta l nodules. The effect was more pronounced 
under sterile soil conditions. The density  of big nodules was 39, 89 and  
46 nodules/plant for sterile inoculated, non-sterile inoculated and  non-

T able 2
Effect of pesticides on nodulation, dry matter and  
nitrogen content of lentil p lan ts (  Lens esculenta)

Treated soil Pesticides
Count of nodu es/plant Drv wt.« T. X.* **Spraying

small big total
g/pot mg/pot

Control Лопе 12 13 25 0.819 24.59

Inoculated Dipterex 1 spray 22 19 41 1.028 33.34
sterilized soil Dipterex 2 sprays 22 13 35 0.945 25.62

Dipterex 3 sprays 21 12 33 0.710 22.78
E ndrin 1 spray 16 14 30 0.837 25.76
E ndrin 2 sprays 17 14 31 1.058 26.16
Endrin 3 sprays 20 16 36 1.117 28.83
Ceresan Seed dressing 17 3 20 0.520 9.51

Control None 32 8 40 0.829 26.88

Inoculated non- Dipterex 1 spray 34 12 46 0.837 30.26
sterilized soil Dipterex 2 sprays 40 15 55 1.025 36.49

Dipterex 3 sprays 40 19 59 1.431 42.50
Endrin 1 spray 32 13 45 0.915 27.39
E ndrin 2 sprays 35 14 49 1.011 38.48
E ndrin 3 sprays 37 21 58 1.636 44.73
Ceresan Seed dressing 10 8 IS 0.665 19.42

Control None 20 8 28 0.799 19.14

Uninoculated D ipterex 1 spray 25 11 36 0.822 21.40
non-sterilized Dipterex 2 sprays 24 12 36 1.174 23.79
soil Dipterex 3 sprays 20 14 34 1.339 28.14

Endrin 1 spray 16 10 26 0.849 23.28
Endrin 2 sprays 26 11 37 0.917 24.86
E ndrin 3 sprays 29 13 42 1.021 27.74
Ceresan Seed dressing 1 Q18 9 27 0.747 15.61

* =  D ry  w eight.
** =  T o ta l n itrogen .
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sterile non-inoculated soil respectively. The respective values for u n trea ted  
p lan ts were 71,102 and  63 nodules/plant. Ceresan caused also a considerable 
reduction  in d ry  weight per pot. This effect m ight be a  reflection of the 
effect of Ceresan on nodulation. T otal nitrogen content was also lower th an  
the control in all tre a ted  soils.

Lentil plants: d a ta  in Table 2 shows th a tD ip te re x  generally resu lted  in 
considerable increase of the num ber of big nodules in the th ree soil t r e a t
m ents. In  sterile soil, application of 2 or 3 sprays resu lted  in the form ation 
of nearly  the same num ber of big nodules, being hi the  same order as the 
control. T otal nodules per p lan t were sim ilarly stim ulated . The d ry  weight 
and  to ta l nitrogen conten t of the  p lan ts were also enhanced except in the 
case of p lan ts which received 3 sprays in sterile soil.

W hen E ndrin  was used, it gave alm ost sim ilar results to  D ipterex. The 
num ber of big nodules was found to  be 16, 21 and  13 for p lan ts  receiving 
3 sprays in sterile inoculated, non-sterile inoculated and  non-sterile uninoc
u la ted  soils respectively. This effect was reflected on the d ry  w eight and 
to ta l n itrogen of the p lants, sim ilar to  the general tren d  ob tained  in case 
of b ro ad  bean.

Ceresan trea tm e n t resu lted  in an  appreciable reduction of the density  of 
big and  to ta l nodules, d ry  w eight and  to ta l nitrogen content. The effect 
was more pronounced in sterile soil.

D ISC U SSIO N

A pplication of D ip terex  caused a stim u lato ry  effect on the  form ation of 
bo th  big nodules, d ry  w eight and  to ta l nitrogen content of broad  bean 
and  lentil p lan ts i.e. increased the nitrogen fixation capacity  of these p lants. 
This stim ulato ry  effect was more pronounced in case of non sterilized soils. 
Such resu lt supports the previous work o f T aha et al. (1966), who showed 
stim u lato ry  effect o f D ipterex application on the form at ion of higher num bers 
of efficient nodules in broad  bean and  E gyp tian  clover p lants. The stim ulato ry  
effect observed in this work in non-sterile soil could be due to  the degradation 
of D ipterex, theorganophosphorus insecticide by soil microflora w ith  the liber
ation of inorganic phosphorus. Most p robably  the la tte r  m ight enhance 
p lan t grow th. Verona and  Picci (1952) also came to  the same conclusion. 
I t  also confirmed the results of lllev  (1963) and  L ichenstein and  Schulz 
(1964).

The stim ulato ry  effect of E ndrin  on nodulation  and  nitrogen fixation 
of b road  bean and  lentil p lants, ob tained  by  these data , was in accordance 
w ith th a t  found by T aha et al. (1966) on studying  E gyp tian  clover. C ontrary  
to  the previous resu lts those ob tained  by B raithw aite et al. (1958) who 
found th a t nodulation of clover was slightly reduced on the  application 
of E ndrin , Dieldrin or Chlordane.

In  case of broad bean plants, the increase in the num ber of E ndrin  sprays 
caused a stim ulato ry  effect on the count of big nodules up to  the second 
spray 20 days a fte r cultivation especially in non-sterile soil. In  the trea tm en t 
of 3 sprays, the stim ulato ry  effect was re la tively  lower th a n  th a t which 
received only 2 sprays. This m ight be due to  the accum ulation of some 
insecticides in the soil which have not yet been decomposed. In  case of
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lentil p lan ts, the increase in the num ber of nodules continued till the 
th ird  spray. This m ay be deduced to  the difference in susceptibility  to  tox i
cants between different strains of rhizobia. This confirmed the results 
obtained by  H ofer (1958) and  Brakel (1963).

W hen Ceresan was used as seed dressing in the curren t work, it caused 
a considerable inhibition to  nodulation on the p lan ts especially in sterilized 
soil. I t  should be k ep t in m ind th a t  when fungicides are used as seed dressing, 
th e ir concentrations in the  root region will eventually  be high and  this 
deleteriously affects the norm al microflora including rhizobia. This find
ing is in accordance w ith  Applem an (1941), Hofer (1958), Jakub isiak  
and  Golebiowska (1964), Golebiowska (1966). On the o ther hand, some 
investigators repo rted  th a t  application of fungicides in the field caused 
no deleterious effect on rhizobia in  soil and  nodulation of some legum inous 
p lants, such as D ugger (1935), and  K ernkam p (1948).

In  a sim ilar stu d y  H am ed (1968) showed an increase in num ber of nod
ules and  p lan t grow th in Orthocide trea tm en ts  (fungicide) in lentil and  broad 
bean p lan ts . The stim ulato ry  effect ob tained  in his data , b u t not recorded 
in this investigation, in case of using the fungicide “ Ceresan” m ight be due 
to  the liberation of N H ^  ions from  the orthocide enhancing the grow th of 
legum inous p lan ts which are know n to  require nitrogenous com pounds 
in early  stages of grow th for good nodulation (Taha et ni. 1967). I t  should 
be borne in m ind th a t Ceresan is a chemical com pound (ethyl m ercury 
phosphate), containing no nitrogen. Therefore, its decomposition does not 
liberate any nitrogen as Orthocide.

I t  can be concluded from  the above discussion th a t  when insecticides are 
used a t  norm al field rates, th ey  have no deleterious effect on nodulation 
and  sym biotic N-fixation process. Fungicides although th ey  m ay re ta rd  
the process, due to  their ab ility  to  com bat fungi, th ey  should be applied 
to  the legum es w ith  care. I t  w ould be advisable to  inoculate the soil w ith 
rhizobia a f te r  a tim e sufficient to  decompose the chemical.

SUM M ARY

The effect of some pesticides on nodulation and N-fixation in leguminous 
p lan ts  was stud ied  in p o t experim ents. These experim ents were carried 
out under sterilized and  non-sterilized soils.

The stu d y  revealed the following conclusions:
1. A pplication of D ipterex or E ndrin  in norm al field ra tes was found to  

stim ulate a high num ber of effective nodules and  high ra te  of N -fixation 
especially u nder non-sterile soil conditions.

2. Fungicides represen ted  by Ceresan caused a considerable decrease in 
the num bers of to ta l and  big nodules in bo th  lentil and  broad bean plants. 
The deleterious effect was reflected on the d ry  weight and nitrogen content 
of the p lants. The effect was also more pronounced under sterile soil 
conditions.

3. I t  could be concluded th a t  sym biotic N-fixation process was n o t affected 
by norm al field application ra tes of insecticides, while fungicides re ta rded  
the process. Therefore, rhizobial inoculation in the la tte r  case should be 
added to  the soil a fte r a tim e sufficient to  decompose the chemical.
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THE EFFECT OF SOME SEED TREATMENTS USING 
MICROELEMENTS AND FUNGICIDES ON VETCH PLANTS 

GROWN FROM SEEDS INOCULATED W ITH RHIZOBIA

É . E l e k  a n d  M . K e c s k é s

RESEARCH INSTITUTE OF SOIL SCIENCE AND AGRICULTURAL 
CHEMISTRY OF THE HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST, HUNGARY

As it  is well known the  m etabolism  of higher p lan ts  and  microorganisms 
can be influenced intensively by  m icroelem ents: Mo in the  atm ospheric 
N -fixation and its incorporation in to  the different compounds, Mn in the 
photosynthesis and  N -m etabolism  and В is essential in reproduction etc. 
(Skolnik I960; Bersin 1963; Peyve 1964; V lasyuk 1965; V lasyuk 1966; 
Coppenet 1968; Peyve 1969). In  the course of our investigations conducted 
earlier, T hiuram  had  a favourable effect on the yield of vetch  and  Ceresan 
decreased it in the light room, glasshouse and  field. Kecskés and  V incent 
1969b; Kecskés and  V incent (in m anuscript).

Considering these, we aimed to study the effect of the microelements and 
fungicides as well as their combinations on the development and nutrient 
content of vetch (V icia saliva L .)  test plant as well as its symbiosis with 
rhizobia and on the growth of rhizobia.

M A T E R IA L S  A N D  M E T H O D S

P o t experim ents were carried out w ith  molibden (Mo) boron (B) and  man- 
ganase (Mn) m icroelem ents as well as Thiuram  and  Ceresan fungicides 
(Kecskés and  V incent 1969a) in slightly acid forest soil of N agykálló and 
carbonaceous sand (rust coloured forest soil) of O rbottyán . 96 po ts were 
used in bo th  experim ents, 6 p lan ts  in 2 kg soil/pot. The m icroelem ents 
were applied w ith  w et seed dressing, while fungicides in the  form of 
dust. The m icroelements and  fungicides were Used separately  and  com bin
ed. There were 12 trea tm ents, in quadruplications, in bo th  cases, in 2 series 
each. T reatm ents of No. 2 were identical w ith  No. 1 b u t th ey  were inoc
u la ted  w ith  R hizonit (vetch rhizobia- containing inocula m anufactured in 
H ungary  ).

The wet and  dry  weight as well as macro- and m icro-nutrient composition 
(to tal N, P , К  and  В and Mn content) of the harvested  p lan ts  were m easured. 
Their pro tein  conten t was determ ined too. A fter carefully washing the  roots, 
the position and  num ber of nodules were observed on the basis of root nodu
lation forms (Kecskés and  V incent 1969c).

In  the  course of laborato ry  investigations, the inhib itory  effect of inves
tig a ted  fungicides, on four strains of Rhizobium leguminosarum F rank  e t 
em end., Baldwin and F red  was established w ith  filter paper disc m ethod 
(details in paper of Kecskés and  V incent 1969a).
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Strains came from  four different countries: TA 101 (A ustralia UDALS, 
U niversity  of Sydney) В 8 (Bulgaria “N. P ushkarov” In s titu te  of Soil 
Science, Sofia) I) 1 (Czechoslovakia, Czechoslovak Collection of M icroorga
nisms C R IP P  P rag u e—R uzyné (BO) H ungary, P hy lax ia  S ta te  Serum  
In s titu te  B udapest).

The effect of tre a ted  vetch  seeds (with m icroelements and  fungicides 
separately  and  combined) on SU 391 s tra in  of Rhizobium leguminosarum 
was also examined.

R E S U L T S  A N D  D ISC U SSIO N

The trea tm en ts  used in the experim ents increased the d ry  m a tte r weight 
of vetch w ith 2 — 31 % in  the case of inoculated  series (Table 1). This increas
ing effect was significant in a few cases. In  the m ajority  of trea tm en ts

T able 1
D ry top weight of 10 vetch p lants in  g

Treatments
In slightly acid sand In carbonat ecus sand

Uninoculated Inoculated Uninoculated Inoculated

Control 3.22 3.83 0.84 1.12

В 3.45 3.28 1.00 1.02
Mo 3.61 3.58 0.96 1.15
Mn 3.75 3.49 1.11 X 1.17

c 3.07 3.14 0.99 1.13
T 3.96 3.31 1.09 X 1.06

в  + c 3.23 4.31 0.98 1.01
Mo +  C 3.49 3.59 1.08 X 1.11
Mn -|- c 3.30 4.06 l .io  X 1.15

В +  T 4.08 3.77 0.90 1.13
Mo +  T 3.83 2.78 0.98 1.16
Mn 4- T 2.91 3.30 0.84 1.32 X

SD,5„o =  0.16 SD-„o =  0.15

C  =  Ceresen 
T  =  T h iu ram

of inoculated  series the  d ry  m a tte r production decreases com pared w ith 
the  control. I t  varied  betw een 73—118% expressed in the percent of 
control.

From  the d a ta  of the n u trien t m aterial analysis (Table 2) — considering 
th e  whole experim ent — no unequivocal conclusion could be draw n though 
in some cases significant differences could be recorded on th e  effect of 
certain  trea tm en ts. M icroelements applied separately  in the experim ents 
carried ou t in acidic forest soil did no t change the to ta l N  and  К  content 
b u t decreased significantly th a t of the  P . On the effect of fungicides the 
N  a n d P  conten t decreased, it  d id  no t change the K . The com bined applica
tion of m icroelem ents increased the to ta l N conten t and  in some cases de-
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T ab le  2
Vetch J invest igát' ion results

Trciitmoiit
N 1 P  I k

m g /100 g  <i. w.

Control 3134 299 2740

15 3189 2(H) 2590
Mo 3032 209 2530
Mn 3054 2 IS 2760

C 2975 273 2660
T 2839 222 2780

15 4- C 4077 4 237 2070
Mo 4  c 3360 4 331 4 2560
Mn 4  c 3040 292 2390

15 4  T 3347 4 258 — 2040
Mo 4  T 3329 4 300 2320
Mn 4  T 3163 312 2430

SD.,, =  124 SDs% 13 SD-% =

Fig. 1. P ro te in  co n ten t o f ve tch  in  con tro l p e r  cen t. M icro
elem ents: it, Mo, Mn. Fungicides: C =  C eresan ,T  =  I h iu ram . 

A )  U n inocu la ted  series. H) In o cu la ted  series
1 =0
2 =B
3 = Mo A
A = Mn
5 = В + C

В

28 4315
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series S D 5.;„ — 4.5. B )  In o cu la ted  series S D 5«j, =  5.7

creased the P and К  content. These effects were indistinct in the case of the 
inoculated series.

In  the  investigations conducted in acidic forest soil, the protein-N  
con ten t of p lan ts  increased on the effect of some trea tm en ts  (Fig. 1). This 
increase was significant a t  0.1% level only. M o-treatm ent did no t increase 
the pro tein  con ten t of investigated  p lants. In  the experim ents carried out 
in calciferous soil the p lan ts  of the four replications were no t exam ined 
separately , so statis tica l analysis could n o t he done b u t the protein-increas
ing effect of the  trea tm en ts  could be observed in th is case too, which was 
1 — 13%  com pared w ith the control.

All treatments favourably influenced the formation of the number of 
root nodules (Fig. 2). As regards the increase of number of root nodules, 
the differences proved significant (at P.„{ level) in all treatments with the 
exception of B, B -f- T and Mn % T ones.
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I M o

The effect of Ceresan andT hiuram  
on four strains of Rhizobium legumi- 
nosarum was stud ied  in laborato ry  
tests too. Both exam ined fungicides 
inh ibited  the developm ent of all 
s trains (Table 3). But it could be 
established th a t D t strain  was re la 
tively  the m ost resistan t to  bo th  
fungicides. The strain  TA 101 to  the 
same ex ten t as the D j was also re la 
tively  resis tan t to  Thiuram .

Ceresan had  abou t the same degree 
o f inhib itory  effect on the other- e x a 
m ined th ree strains as T hiuram  on 
the o ther tw o strains.

The effect of different trea tm en ts 
on the  SU 391 strain  of Rh. legumino- 
sarum  was also tested , using seeds 
tre a ted  w ith  the listed  m aterials 
(Fig. 3). I t  was established th a t 
neither m icroelem ent trea tm en t 
nor Rhizobium  inoculation had  an 
inhib itory  effect. But the t re a t
m ents of fungicides and  their com 
binations w ith  m icroelements all inh ib ited  the grow th of SU 391 strain . 
This inhib itory  effect proved significant in every  case though the differ
en t size and shape of the trea ted  vetch seeds as well as th e ir position 
on the surface of the m edium, did  n o t give nearly  so precise d a ta  as the 
results received w ith  the filter paper discs containing the investigated  
m aterials (Kecskés and  V incent 1969a). Because of this, the sca tte r was 
large enough. The inhib itory  effect of Ceresan was significantly decreased 
by the two m icroelements Mo and  Mn (at P 5% level).

T hanks are due to  Prof. J .  M. V incent, Dr. L. Raicheva, Dr. E . H am atova 
and  Mrs. B. Ocsay for the rhizobial strains.

S O = 1.6

Fig. 3. T he in h ib ito ry  effect o f  m icroele
m en ts , fungicides and  com bina tions o f 
tre a te d  seeds on th e  g ro w th  o f B h. legu- 
m inosarum . SU  391. -f- T rea tm en ts : as 
in  th e  case o f F ig . 1. + +  In h ib ito ry  

zones in m m . S D r>% =  1.6

T able  3
In h ib ito ry  effect of Ceresan and T h iu ram  on the 

different strains of Rhizobium  ley) u n inom rum

Fungicides

Strains Ceresan Thiuram

Inhibitory zone 0  in mm

D 1 23 IS

B O 41 36
13 В 48 35
Т А  101 42 18

2 8 * 435



SUMMARY

Separated  and  com bined trea tm en ts  of m icroelem ents (Molibden, Bor, 
M anganase and  Fungicides (te tram ethyl-th iuram -disulphide; phenyl-m er
cury-acetate and  ethoxy-ethyl-m ercury-silicate) were carried ou t on vetch 
( V ida  sativa L .)  and  the rhizobia as well as their symbiosis. In  laboratory  
tes ts  bo th  fungicides inh ib ited  the grow th of all the investigated  strains of 
Rhizobium leguminosarum.

In  p o t experim ents the m icroelements an d  fungicides applied separately  
and  in com bination increased the d ry  m a tte r yield and  protein  content of 
vetch  grown in sandy soil. They also favourably  influenced the roo t nodule 
form ation of vetch  th a t  is its symbiosis w ith rhizobia. Among the trea tm en ts, 
the  com bined trea tm en ts  of Ceresan and  microelements had  the best effect 
on the investigated  factors.
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T H E  IN FL U E N C E  OF U R EA SE AND S-TR IA ZIN ES 
ON R H IZ O B IA  AND G R A IN  Y IE LD  OF

L U P IN U S  LU T E U S  L.

I. Bo r b ély  and  M. K ecsk és

AGRICULTURAL EXPERIMENTAL INSTITUTE OF NYÍRSÉG, NYÍREGYHÁZA AND RESEARCH 
INSTITUTE OF SOIL SCIENCE AND AGRICULTURAL CHEMISTRY OF THE HUNGARIAN ACADEMY 

OF SCIENCES, BUDAPEST, HUNGARY

The form ation of the  grain yield of the yellow flower sweet lupin is influenced 
besides the  clim atic factors, by the ex ten t of weediness (Ubrizsy 1962). 
Mechanical weeding is hard ly  carried ou t because of the density  of sowing. 
Chemical weed control is consequently one of the basic im p o rtan t conditions 
of successful and  profitable seed-growing. B u t chemical weed control, as 
po in ted  out by Taylor (1961) U brizsy (1961), Kolosova (1962), Gimesi 
(1965) and  others is com plicated by the ex trao rd inary  sensitiv ity  of lupin.

On the effect of some herbicides, the p lan ts are re ta rd ed  in their growth 
and  developm ent. These sym ptom s are quite sim ilar to  the cases when root 
nodulation of lupin did no t take place or was inh ib ited  for some reason.

In  the course of our investigations we established — in accordance w ith 
o ther au thors — the im portance of studying the effect of pesticides on rhizo
bia. So, e.g. there was no herbicide am ong the 106 agents applied by us 
(Kecskés 1970) in excess to  the m edia which did no t inh ib it grow th of any 
of the investigated  26 represen tatives of 6 species of Rhizobium genus. From  
our experim ents carried ou t in field w ith fungicides we s ta ted  the necessity 
of studying  the effect of the these chemicals on the root nodule form ation 
(Kecskés and  V incent 1969a) and  d ry  m a tte r yield of legume p lan ts (Kecs
kés and  V incent 1969b, 1970).

K eeping in m ind all of these, we aim ed to  select such a herbicide which 
beside its good weed control effect did  no t dam age e ither the lupin rh izo
bia, or the symbiosis of the p lan t and  rhizobia.

M A T E R IA L  A N D  M ETH O D S

The laborato ry  investigations were conducted in the R esearch In s titu te  
of Soil Science and  A gricultural Chem istry of the H ungarian  Academ y of 
Sciences, the field tria ls were carried out in G yulatanya on slightly acidic 
brown forest soil of the P lan t Breeding S tation of the A gricultural E xperi
m ental In s titu te  of Nyírség.

The following herbicides were studied in bo th  laborato ry  and  field 
trials (Table 1).

For labora to ry  tests Y east M annitol Agar medium  (YMA: Kecskés and 
V incent 1969a I) was used. The listed  herbicides were applied w ith filter 
paper discs to  this m edium  in excess.

T est organisms: 26 strains of Rhizobium lupini and — for com parison -  
o ther five species of Rhizobium genus. F ield experim ents were con-
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I. UREAS
T a b le  1

1. K LO BEN  (60% NEBURON)
N-(3,4 Dichloro-phenyl)-N’-m ethyl-N’-butyl-carbamide

2. ARES IN (MONOLINURON)
N-(4-OhIoro-phenyl)-N’-methoxyl-N’-methyl-carbarn ide

II . MERCAPTO-S-TRIAZINES
3. A 1114 (PROMETRYNE)

2-methyl-thio-4,6,-bis (iso-propyl-amino)-l,3,5-triazme
4. A 1803 (PR O M E T R Y N E -f SIMAZINE)

PROM ETRYNE 2-chloro-4,6-bis-(ethylamino)-l ,3,5-triazine

ducted  witli th ree factors; the split-split-plot arrangem ent and  quadrupli- 
cations were used. The size of one plot was 30 m2. G yulatanya 784 of 
yellow flower sweet lupin (Lupinus luteus L.) was used as the te s t p lan t.
F ac to r A: the tim es of herbicide spraying.
A, — between sowing-rising
A 2 — in the 5-leaf developing phase of lupin
A3 — in the 10-leaf developing phase of lupin
F acto r B: the different concentrations of herbicides
Bj — 2.0 kg/ha in the  case of K loben 4,5 kg/ha
B 2 — 2,9 kg8ha in the case of K loben 5.2 kg/ha
B3 — 3.5 kg/ha in the case of K loben 5.9 kg/ha
F ac to r C: T reatm ents
Cj — hoed control
C2 — un hoed Control
C3—C6 — different herbicides

The following were determ ined for the lupin (a) and  for the weeds (b) 
during the grow th season on 1 m2 perm anen t sam pling places
a) the num ber of p lan ts  a t  rising, the root nodule form ation a t flowering 

the num ber of p lan ts and  the am ount of grain yield at ripening
b)  The num ber of weeds per species and  the whole weight of weeds in the 
perm anen t sam pling places divided in to  four p arts  three-tim es: 10 days 
a f te r  spraying, a t the end  of flowering and  20 days a f te r  ripening.

R E SU L T S

D ata of labo ra to ry  investigations are dem onstrated  in Table 2. Inh ib ito ry  
zone values received from  the average of the d a ta  of all the 26 strains, and 
stra in s  belonging to  different species, uniform ly show th a t am ong the stu-

T able 2
In h ib ito ry  zone of herbicides on agar plate

Herbicides

Rhizobia j legum ino-
sarurn

яр.

phase oli 
sp.

trifolii
sp.

hipini
xp.

faponicum
sp.

m eli loti 
sp.

Average о 
2В strains

Kloben 7.0 S.8 0.0 0.0 22.2 3.7 8.94
Camparol 1803 13.2 9.4 8.0 14.0 20.3 7.4 10.95
A 1114 24.0 23.6 23.0 24.0 24.8 17.4 24.33
Aresin 33.9 33.4 38.5 12.0 50.4 28.6 35.64
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ARESIN KLOBEN HOED 0

Kig. 1. R o o ts  (w ith nodules) o f 10 p la n ts  each tak en  o u t b y  ran d o m  sam p ling  from  
th e  hoed con tro l K loben an d  A resin  tr e a te d  p lo ts  a t  th e  s ta n d  sp ray in g  in 10 leaf

stage

died herbicides the K loben inh ib ited  the least the grow th of rhizobia — 
it was followed in increasing inhibitory  order bv ( 'am parol 1803 and  the 
A 1114; Aresin proved  the significantly strongest inhib itory  herbicide.

Sim ilar resu lts were obtained in the course of detailed  exam ination o f 
the root nodulation forms. No sam ple was found which did no t have nod
ules on its root. Definite delayed roo t nodulation forms could no t be obser
ved. But one has to  consider, th a t  because of the experim ents which have 
been carried out w ith  lupin over a few decades in the soils of the P lan t 
Breeding S ta tion  of G yulatanya they  are rich in effective rhizobia. Insp ite  
of them , there were delineating differences in the developm ent and  mass 
of root nodules, in Fig. 1. The roots of 10 p lants, each taken  out by random

Fig. 2. H oot sam ples tak en  o u t random ly  a t  sp ray in g  in th e  5 leaf stage  o f  p la n ts

A R E S I N  A  1114 A  1 8 0 3  K L O B E N  H O E D  0  0 .
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sam pling from  the hoed control K loben and  Aresin trea ted  plots a t the 
s tan d  spraying in the 10 leaf stage can he seen. As it is evident 
K loben com pared to  the hoed control did no t inhibit unfavourably  the 
roo t and  root nodule form ation too. However, in the effect of Aresin belonging 
also to  the ureas, the developm ent of roots and nodules was obvious. The 
roo t sam ples taken  out a t  spraying in the 5 leaf stage of p lan ts  dem onstrated  
(Fig. 2) also th a t there were no significant differences am ong the p lan ts 
of the p lots of hoed, unhoed, control and  trea ted  w ith K loben. But the 
roots and  nodules originating from  Aresin, A 1114 and Cam parol 1803 
trea tm en ts  showed defined differences com pared w ith  the earlier ones. 
The same tren d  was observed in the case of the sum m arized d a ta  of the root 
nodule weights of 10 p lan ts each taken  from  every plot of all trea tm en ts 
(Table 3).

Tafele 3
W eight oj lu p in  roots and nodules in  different treatments

Treatments Weight of root of 10 
plants in gram

1 hoed 0 37.5
2 0 30..8
3 Kloben 35.0
4 A 1114 30.5
5 A 1803 27.3
6 Aresin 22.3

snw_ 7.31

T able  4
A m oun t oj lu p in  grain yield kg/plot

Year
T i m e s  of  s p r a y i n g

Treatment
A. A, A3

190S Aresin 1.35 0.80 0.07
A 1114 1.30 0.73 0.70
A 1803 1.50 0.04 0.80
Kloben 1.57 1.00 1.07
Hoed 1.54 1.10 1.11
W ithout hoeing 1.24 0.97 1.14

SDi?, among spray times
among treatm ents

1909 Aresin 2.22 1.95 1.01
A 1114 2.48 0.86 0.50
A 1803 2.94 0.85 1.22
Kloben 2.52 2.30 2.08
Hoed 2.82 2.89 2.95
W ithout hoeing 1.71 1.95 2.22

SD 5% among spray times
among treatm ents
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Analysing the effect of herbicides on grain yield we established 
th a t  the  different applied doses did  no t give significant differences. Among 
the herbicides studied by us, only K loben applied pre- and postem ergentlv  
d id  n o t decrease significantly the grain yield of lupin (Table 4). The grain 
yield was significantly sim ilar only in tw o cases in K loben trea tm en ts  
com pared w ith  the hoed control. Among the  o ther herbicides, th ree applied 
in th ree different doses a t  th ree different tim es only the Cam parol 1803 
sprayed preem ergently  did  no t decrease significantly the  grain yield of 
our te s t p lan t. Aresin (Fig. 3) used for s tan d  spraying as opposed to  the 
K loben (Fig- 4) scorched the lupin and  as a consequence of this, the p lant 
s tan d  spaced out.

As regards weed control effect of herbicides (Table 4) it  tu rn ed  out 
th a t  the w eight of weeds in the  plots tre a ted  w ith  K loben was significantly 
more th an  on the hoed, control plots in only one case. The weed control 
effect of K loben was neai’ly as good as the m echanical weed control (Table 5). 
The o ther th ree herbicides gave different results yearly  and  a t the different 
spraying tim es.

T able 5
The weight of weeds 0.25 m l/g

T i m e s  o f p г a y i n g
Tear Treatments

A, As A3

1968 Aresin 339.5 299.1 216.1
A 1114 371.7 122.0 122.5
A 1803 303.1 152.5 208.0
Kloben 312.5 185.6 188.2
Hoed 286.8 290.4 217.3
W ithout hoeing 349.0

SD -0/ among spray times 
among treatm ents

292.7 274.6

1969 Aresin 262.3 369.7 483.8
A 1114 271.2 478.6 418.2
A 1803 240.5 339.9 271.5
Kloben 257.9 207.6 270.1
Hoed 215.2 199.9 151.0
W ithout hoeing 326.5

SD -„ among spray times 
among treatm ents

366.3 459.9

The sum m arized d a ta  are dem onstra ted  in Fig. 5. I t  is very  in teresting 
th a t the d a ta  of the earlier laborato ry  investigations confirmed u n an i
mously the results of field experim ents, and  the d a ta  of nodule form ations 
and  grain yield of lupin supported  it m arkedly. I t  is obvious from  this Table 
th a t  am ong the investigated  herbicides one could reach the highest yield of 
lupin w ith  the Kloben trea tm en t, the weed control effect is favourable too 
and  the grow th and  ac tiv ity  of rhizobia is no t inh ib ited  by it.
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Fig. 3. T he negative  effect o f  A resin sp ray ing  on lup in  stan il

F ig . 4. T he favou rab le  effect o f  K loben  sp ray ing  on lup in  s tan d
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hoed 0 
dkg /m2
30-

kloben 0 A1803 Aresin 

®  ®

A 4M
inhibitory

effect

15-
ko /m2

u
weight of weed

Fig. 5. A  su rvey  o f  th e  d a ta  received  in  th e  course 
o f herb ic ide  tre a tm e n ts : 1) in h ib ito ry  effect on rh izo 

b ia ; 2) g ra in  yield o f lup in ; 3) w eigh t o f weed

SUMMARY

On the basis of the labora to ry  investigations and  two years’ field trials 
it  can be established th a t  from  the stud ied  herbicides — Aresin A 1114, 
Cam parol 1803, and  K loben, the  Kloben was th a t  which:
1. H ard ly  or no t a t  all inhibited  the grow th of rhizobia.
2. Did n o t influence disadvantageously the roo t nodulation, the symbiosis 

of yellow flower sweet lupin and  rhizobia.
3. Did no t decrease significantly the grain yield of yellow flower sweet 

lupin — sprayed neither preem ergently  nor postem ergently
4. H ad a weed control effect which was nearly  as good as the mechanical 

(hand hoeing) weed control.
On the basis of the concordant results of laborato ry  and  field experim ents 

on the yellow flower sweet lupin in the m ain growing regions of H ungary, 
K loben is recom m ended by us in slightly acidic brown forest soil — for 
the weed control of th is  lupin species.
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E F FE C T  OF C ER TA IN  H E R B IC ID E S  ON GROW TH 
OF N IT R O G E N -F IX IN G  ALGAE AND R IC E  PLANTS

A. N. I b r a h im

FACULTY OF AGRICULTURE, AL-AZHAR UNIVERSITY', CAIRO, VAR

R ecently , g reat a tten tio n  has been paid  to the beneficial effect of inoculat
ing rice fields w ith  nitrogen fixing blue—green algae (Allen 1956, W atanabe 
1962, and  W atanabe e t al. 1951). In  U AR, inoculation w ith alga Tolypothrix 
tenuis g reatly  increased yield of rice grains and  straw  as well as soil nitrogen; 
where nitrogen balance was found to  be in the positive side. Algal inocula
tion  could substitu te , a t least, half the am ount of the added  nitrogen 
(El-Nawawy e t al. 1958, Abou E l-Fadl et al. 1964, 1967 and E l-Sherbini 
1969).

Control of weeds in rice p lan ta tio n  is however, becoming a general 
practice. Hence, it was found of in te re st to  stu d y  the effect of certain  
herbicides nam ely, E p tam  6-E, S tain  F-34, O rdram , and  Trilluralin on 
nitrogen fixation and  grow th of algae nam ely, Tolypothrix tenuis and  
Calothrix brevissima, as well as grow th of rice p lants. H am di e t al. (1970) 
in this respect showed th a t  d ry  w eight and  nitrogen content of alga Toly- 
pothrix tenuis were reduced in the presence of Ordram , Trifluralin, 2,4-D 
and S tam  added e ither a t  the begining or 10 days a fte r grow th in itiation; 
where S tam  was toxic to  algal grow th and  chlorophyll synthesis. They 
recom m ended the application of herbicides to  rice fields a f te r  the algal 
inoculation. Stam  however, should be avoided a t all if  the alga is to  be 
used.

M A T E R IA L  A N D  M E T H O D S

Algae Tolypothrix tenuis and Calothrix brevissima were p ropagated  in 
500 ml conical flasks containing 100 ml of sterilized nitrogen-free m edium  
(W atanabe e t  al. 1951).

A laboratory  experim ent was carried out in 150 ml conical flasks con tain 
ing 25 ml of the afore-m entioned medium. Aqueous solutions of the tes ted  
herbicides nam ely, E p tam  6-E (E thyl-di-n-propylthiol-carbonate), S tam  
F-34 (3,4-dichloropropion-anilide), Ordram  (s-ethylhexahydro-l-M -azepine- 
1-carbothionate), and  Trifluralin (a,a,a-trifluoro-2,6-dinitro-N ,N-di-pro- 
fiyl-p-toluidine), were added in the following concentrations p repared  on 
the active ingredient basis: 0.01, 0.1, 1.0 and  10.0 and  100.0 ppm . Flasks 
p repared  in 4 replicates were inoculated  w ith a loopful of algal inoculum 
3 weeks old, and  kept under d irect and und irect sunlight. A fter 8 weeks, 
algal grow th was filtered, dried (80 °C overnight), weighed and  its nitrogen 
con ten t was determ ined.
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For the greenhouse experim ent, earthenw are pots 25 cm in d iam eter were 
used. A fertile loam v soil was ob tained  from  The Botanical D epartm ent, 
M in istry  of A griculture a t Giza. The soil was air dried, ground and  sieved 
in 2 mm sieve. I ts  chemical analysis was as follows: Organic m a tte r 1.03%, 
T otal N 0.13% , Soluble N  175 ppm ,T .S .S . 0 .1 8 % a n d p H  7.8.

E ach po t received о kg of the soil thoroughly mixed w ith 1.0 g super
phosphate. Rice seeds (N ahda variety) were p lan ted  at the ra te  of 10 per 
po t; where m oisture was kep t a t 60%  of w.h.c. Seedlings were th inned  2 
weeks la ter to  keep 6 per pot. Algal inoculation was done a fte r 4 weeks from 
plan ting ; where each pot received 1 ml of the algal suspension (dry m atte r 
0.03 g). W ater was added daily to  com pensate th a t lost bv evaporation and 
to  m aintain  the flooding stage.

Herbicides were added in aqueous solutions a t the recom m ended field 
dose (Zahran 1970) as follows:

A — 1 week before inoculation,
В — ju st a fte r inoculation,
C — 1 week a fte r inoculation.
F our replicates were p repared  for each trea tm en t; where pots were 

com pletely random ized in the greenhouse. A fter 2 m onths p lan ts were 
cut a t  the soil surface, dried  (80 °C, overnight), weighed and its nitrogen 
con ten t was determ ined. Semi-micro K jeldahl m ethod was used for nitrogen 
determ ination  according to  Jackson (1958).

R E S U L T S  A N D  D ISC U SSIO N

As shown in Table 1, algal growth and  nitrogen fixation were inhibited 
in the presence of 0.1 ppm  of the tes ted  herbicides. R ate  of inhibition was 
no t the  same w ith  the tes ted  herbicides and  the alga. Lowest dose nam ely 
0.01 ppm , however, slightly stim ulated  algal grow th as well as nitrogen 
fixation. No grow th was recorded in the presence of 100 ppm . of E ptam , 
S iam  and  Trifluralin.

F or T  oly pothrix tenuis, E p tam , S tam  and Trifluralin were found to  be the 
m ost toxic herbicides; where no grow th was recorded in the presence of 
10 and  100 ppm . S tam  however, showed less tox icity  on the algal growth 
and  ra te  of nitrogen fixation; were 145.51, 116.44, 66.54 and  161.62 mg n itro 
gen were fixed, in the presence of 0.1 ppm  of Stam , Trifluralin, E p tam  and" 
conti'ol respectively. O rdram  however, was found to  be the least toxic 
herbicide; where grow th was recorded even in the presence of 100 ppm.

Sim ilar results were recorded for C. brevissima. H owever, this alga showed 
m ore sensitiv ity  to  O rdram  and  less sensitiv ity  to  Trifluralin. 80.12, 78.49, 
51.64, 44.64 and  82.95 mg nitrogen were recorded in the presence of Triflu
ralin, S tam , O rdram , E p tam  and  control respectively.

In  this respect, it m ust be s ta ted  th a t  T. tenuis showed more growth, 
and  was more efficient in nitrogen fixation than  C. brevissima; when grown 
in the  nitrogen-free medium  of W atanabe.

Grow th of rice p lan ts (Table 2) was greatly  affected by the application 
of herbicides. The benefit from  algal inoculation seemed to  be greatly  affected 
by the tim e of application. Less grow th was recorded as herbicides were 
applied e ither w ith  inoculation or before it. A pplication of herbicides la ter
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T able 1
Effect of herbicides on alga! growth and nitrogen fixation

T o lypo th rix  tenuis Calothrix hrevissima

Herbicides, ppm Algal dry Total N content Algal drv Total N content
wt., g/i

°o mg wt., g/i % mg

0.01 2.760 7.14 197.06 2.028 4.36 88.42
0.10 1.492 4.46 66.54 1.043 4.28 44.64

E ptam  6 - E  1.00 
10.00 

100.00

1.42.5 4.12 58.71 0.094 2.78 26.13

0.01 2.962 7.14 211.49 2.013 4.28 86.16
0.10 2.038 7.14 145.51 1.817 4.32 78.49

Stam  F — 34 1.00 
10.00 

100.00

0.916 5.42 49.65 1.642 4.32 70.93

0.01 2.285 7.64 174.57 1.423 4.62 65.74
0.10 2.137 7.16 153.01 1.291 4.0(1 51.64

O rdram  1.00 2.153 7.08 152.43 0.214 2.06 4.41
10.00

100.00
1.292
0.148

6.14
4.12

79.33
6.10

— —

0.01 2.137 7.64 163.27 1.654 4.62 76.41
0.10 2.051 7.14 116.44 1.872 4.28 80.12

Trifluralin 1.00 0.680 2.48 16.86 0.681 2.14 14.57
10.00 — 0.442 2.48 10.96

loo.oo — - — —

Control 2.278 7.4 161.62 1.938 4.28 82.95

a fte r inoculation showed more grow th and  nitrogen uptake. H erbicides 
applied before inoculation m ay have lost th e ir toxic effect as th ey  were 
decom posed by microflora or adsorbed on the clay m ineral complex in the 
soil. The established alga when applied to  the soil before application of 
herbicides, could resist their toxic effect. The liberated  nitrogen due to  the 
decom position of algal cells could be easily absorbed and  utilized by plants.

E p tam  and  Trifluralin were found to  be the most toxic herbicides for 
p lan t grow th and  n itrogen uptake. S tam  and  O rdram  showed no tox ic ity  
when added  one week a f te r  inoculation.

Hence, it can be concluded th a t S tam  and  Ordram  could be applied to  
rice p lan tations, a f te r  algal inoculation.

SUM M ARY

N itrogen fixation and  grow th of algae Tolypothrix tenuis and  Calothrix 
brevissima were inh ib ited  in the presence of herbicides E p tam  6-E, S tam  
F-34, O rdram  an d  Trifluralin. Lowest concentration nam ely 0.01 ppm . 
slightly  increased ra te  of fixation and  grow th of algae.
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T able 2
Effect of herbicides and inoculation w ith alga Tolypothrix  tenu is on 

dry matter yield  of rice p lan ts and their nitrogen contents

Herbicides Dry matter 
yield g/pot

Total N content

mg
Control —- 

-  100

A 1.42 1.40 12.88 14
E ptam  6 —E В 0.92 1.32 12.14 12

C 1.28 1.32 16.89 18

A 5.88 1.20 70.86 78
Stam  F —34 В 0.08 1.18 71.74 79

C 7.34 1.24 91.02 101

A 6.85 1.08 73.98 82
Ordram В 6.40 1.15 73.60 81

C 7.36 1.18 86.85 96

A 3.21 1.15 36.91 41
Trifluralin В 3.46 1.15 39.79 44

C 4.59 1.25 57.37 63

Control inoculated 7.25 1.24 89.90 100

uninoculated 6.42 1.15 73.83 82
T. я ns

A : H erb icides app lied  1 w eek before inocu lation .
B : H erbicides app lied  ju s t a f te r  inoculation .
C: H erb icides app lied  1 w eek a f te r  inoculation .

E p tam  6-E was found to  be the  m ost toxic herbicide for nitrogen fixation, 
grow th of rice p lan ts  and  nitrogen uptake. This was followed by T rifluralin  
which showed lowest toxicity . S tam  F-34 and  O rdram  however, showed no 
tox ic ity  on grow th of rice p lan ts and  nitrogen uptake.

H erbicides should be added  la te r a fte r the establishm ent of alga in the 
soil; where p lan ts  produced more d ry  m a tte r  yield and  nitrogen content.
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