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STUDIES ON MICROBIAL ANTAGONISM IN THE 
ESTABLISHMENT OF CLOVER PASTURE 

II. THE EFFECT OF SAPROPHYTIC SOIL FUNGI UPON 
RHIZOBIUM TRIFOLII AND THE GROWTH OF 

SUBTERRANEAN CLOVER 

by  A. A. H O L L A N D *  and C. A. P A R K E R  

Department of Soil Science and Plant Nutrition Institute of Agriculture, The University 
of Western Australia, Nedlands, Western Australia 

INTRODUCTION 

In  previous publications,  H o l l a n d  6, described a problem of 
clover es tabl ishment  on certain newly cleared sandy soils in Western  
Austral ia  and presented  the  results of a microbiological in- 
vestigation.  The  popula t ion  of fungi in these soils showed marked  
changes in species composi t ion following cul t ivat ion and establish- 
ment  of sub te r ranean  clover Tri/olium subterraneum L. 

This paper  repor ts  the  effect of saprophyt ic  fungi isolated from 
bo th  virgin sandy  soils and established clover pastures on Rhizobium 
tri/olii and on the  nodula t ion  and growth of sub te r ranean  clover. 

MATERIALS AND METHODS 

1. Chlor@hyll and anthocyanin 
The p repa ra t ion  of p l an t  samples  for chlorophyl l  de t e rmina t ion  was based  

on the method described by Arnon  t and tile quantity of chlorophyll was 
estimated by the procedure of M a c k i n n e y  i0. Allthocyanin was determined 
by the method employed by Swain and Hil l i s  la 

* Present address: Botany Department, Monash University, Melbourne, Australia. 
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2. Bioassay o/ antibiotics /rom micro-organisms, soil and plant 
extracts 

Six rep l ica te  cu l tu res  of each mic ro -o rgan i sm isola ted f rom vi rg in  soils a n d  
e s t ab l i shed  pas tu re s  s, were g rown in 25 ml  of b r o t h  9 in  a g i t a t e d  cu l t u r e  a t  
25°C for 14 days.  Two ml  of b r o t h  were d r a w n  off each  d a y  f rom the  t h i r d  to  
t he  f o u r t e e n t h  day,  ascep t ica l ly  f i l tered 16 a n d  t e s t e d  for an t ib io t i c s  us ing  t he  
'ho le  p l a t e '  m e t h o d  of V e s t e r d a l  14. T e s t  and  con t ro l  b r o t h s  were p laced  in 
holes  5 m m  in d i a m e t e r  cu t  in  y e a s t  m a n n i t o l  aga r  ~ seeded w i t h  a 48 -hour  
cu l tu re  of R. tri/olii. T he  p la t e s  were i n c u b a t e d  a t  25°C and  e x a m i n e d  a f t e r  
12, 24, a n d  48 hou r s  of g rowth .  I n h i b i t i o n  zones were m e a s u r e d  a n d  g raded  
as bac te r i c ida l  or bac t e r i o s t a t i c  fol lowing M a r s h a l l  a n d  H r e n o f f  11. Ex-  
t r a c t s  f rom soil, s and  cu l tu re  a n d  c rushed  p l a n t  m a t e r i a l  were also f i l tered 
a n d  t e s t e d  for  an t ib io t i c s  us ing  t he  m e t h o d s  a l r eady  ou t l ined .  

3. Seed inoculation 
The  clover  seed was i nocu la t ed  w i t h  a pu re  cu l tu re  of R. tri/olii so as to  

give a n  in i t ia l  n u m b e r  of 500 to  1000 v iab le  bac t e r i a  pe r  seed. 

4. Soil sterilisation 
Soil samples  were  s ter i l ized b y  a u t o c l a v i n g  a t  15 lb/sq,  i nch  for  one  hour .  

5. Seed sterilization 
The  c lover  seed was g r a d e d  to  a u n i f o r m  size a n d  s ter i l ized us ing  a mix -  

t u r e  of equa l  vo lumes  of 30 vo lumes  pe r  cen t  h y d r o g e n  perox ide  a n d  abso lu t e  
a lcohol  (Harr is ,  J .  R., pr iv .  com.). 

6. Nutrient solution 
The  bas ic  n u t r i e n t  so lu t ion  for t he  c lover  p l a n t s  was  t h a t  of R o v i r a  12 w i t h  

t he  add i t i on  of a t r ace  e l e m e n t  so lu t ion  5. W h e n  a c a r b o n  s u p p l e m e n t  was 
r equ i red  to  s t i m u l a t e  funga l  g r o w t h  20 g of sucrose  was a d d e d  to  each  l i t re  of 
n u t r i e n t  so lu t ion  or 4 pe r  cen t  (w/w) s ter i l ized w h e a t e n  s t r a w  was mixed  w i t h  
t h e  sand.  

Fo r  t he  asept ic  t u b e  cu l tu re  of s u b t e r r a n e a n  clover  p l a n t s  n u t r i e n t  so lu t ion  
was added  to  t he  t u b e s  to  b r ing  t h e  s ter i l ized oven  d r y  s a n d  to  60 per  cen t  of 
t h e  w a t e r  ho ld i ng  c a p a c i t y  of t h e  sand.  I t  was  usua l ly  no t  necessa ry  to  add  
more  so lu t ion  as p l a n t  g r o w t h  in  t he  t ubes  was no t  t a k e n  p a s t  t he  t h i r d  t r i -  
fol ia te  leaf  s tage.  Clover  p l a n t s  were g rown ill t h e  field w i t h  z inc-copper-  
s u p e r p h o s p h a t e  fer t i l izer  a t  t he  r a t e  of 180 p o u n d s  pe r  acre. The  fer t i l izer  
c o n t a i n e d  1.0 pe r  cen t  copper  as copper  ore, 1.15 pe r  cen t  zinc as z inc oxide, 
12.75 pe r  cen t  w a t e r  soluble  p h o s p h o r i c  acid, 2.25 pe r  cen t  c i t r a t e  soluble  
phosphor i c  acid a n d  3.5 pe r  cen t  acid soluble  p h o s p h o r i c  acid. 

6. Temperature and light 
Clover plants were grown in the laboratory at a constant temperature of 

15°C under fluorescent lights. 
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7. Vegetative activity o/the/ungal cultures grown in conjunction with 
subterranean clover 

T h e  m e t h o d  d e s c r i b e d  b y  W a r c u p  15 w a s  u s e d  t o  e s t i m a t e  t h e  h y p h a l  

a c t i v i t y  of  f u n g i  in  t h e  soi ls  u n d e r  t e s t .  

8. Counts o/ the rhizobia in the rhizo@here o/subterranean clover 
The method used to determine the number of root-nodule bacteria in tile 

rhizosphere of subterranean clover plants was similar to that employed by 
Hely, Bergersen and Brockwell 4. 

E X P E R I M E N T A L  RESULTS 

1. Symptoms associated with nodulation/allure in the [ield 

The inoculated seed \~/as sown about 2 cm deep in tile newly 
cleared soil in the field. Germination and early growth were good 
but stunting and discolouration of the cotyledons, petioles and 
leaves were apparent within three weeks of emergence. The foliage 
developed a distinctive purplish-red colour, which was associated 
with a redt~ction in chlorophyll and an increase in anthocyanin 
content (see Table 1). 

T AB L E  1 

The ehlorophyU and relative anthocyanin  content  of 
clover leaf and petiole material  from (i) normal  plants  
from an established pas ture  and (ii) plants  showing the 
purplish-red foliage associated with nodulat ion failure 

Plant  Material 

- .  . . 

(i) Normal trifoliate leaf 
(i) Normal petiole 

(ii) Trifoliate leaf 
(ii) Petiole from a pur- 

plish red leaf 
(ii) Trifoliate leaf red 
(ii) Petiole from a red leaf 

mg of chlo- 
rophyll in 1.0 Relative 

g of fresh anthoeyanin  
plant  content  

material  

4.2 10 
0.52 8 
0.36 510 

0.18 3040 
0.18 785 
0.08 3340 

' T } i e  stunting of the clover plants grown in newly cleared areas is 
?!i~i]llustrated in Table 2, which compares the growth made on 

~- untreated soil with that  made when the soil was chemically steri- 
lized with Vapam (sodium N-methyldithiocarbamate). The sterili- 

z a t i on  procedure was that  employed by Cass S m i t h  and Hol-  
l a n d  2 
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TABLE 2 

Oven-dry weights of subterranean clover plants grown in the 
field on chemically sterilized and unsterilized soil at Wongan 

Hills (four monts after seeding) 

I Un- Level of 
Sterilized sterilized signifi- 

soil soil eance 

42 43 
42 4 

Number of plants 
Number of nodulated plants 
Mean foliage weight 

(mg/plant) 
Mean root weight (mg/plant) 

463 
206 

~ <0.1% 

90 P < 0.1%~ 
76 P < 0.1%: 

2. The number o/rhizobia in the rhizosphere 

Serial dilutions from the rhizosphere of young seedlings grown in 
the field in chemically sterilized and unsterilized soil indicated that  
the mean probable number of root-nodule bacteria was greater 
than 10 a bacteria per root system in the sterilized soil, whereas none 
was detected on the roots of plants grown in unsterilized soil. 

3. The detection o/antibiotics in soil ]rom newly cleared areas 

Aqueous extracts from the problem soils twice showed the 
presence of antibiotics early in tile growing season. The greatest 
inhibition zone observed on seeded agar was 33 mm in diameter. 
Attempts to concentrate the inhibitors failed due to rapid loss of 
activity. Aqueous extracts from similar soils at Wongan Hills 
which now support established clover pastures, as well as extracts 
from non problem soils supporting clover pastures have not pro- 
duced inhibition zones. 

Extracts from crushed clover leaves which showed the purplish- 
red foliage associated with nodulation failure produced bacterio- 
static inhibition zones surrounded by stimulation zones. The 
inhibition zones were present even when the soil extracts gave no 
indication of the presence of inhitors. This may have been due to 
absorption of antibiotics by tile root system and translocation to the 
leaves where they were concentrated sufficiently to be detected. 
Extracts from healthy clover leaves did not produce inhibition 
zones. Zones of bacterial stimulation were observed with extracts 
from healthy green leaves and from purplish-red leaves beyond the 
zone of inhibition. 
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4. Antibiotic production in pure culture 

Fifty-seven of the 286 micro-organisms tested synthesized 
antibiotics inhibiting the growth of R. tri/olii (Table 3). The genus 
Penicillium contained the greatest of species and strains producing 

TABLE 3 

The antibiot ic  ac t iv i ty  towards Rhizobium tri/olii of micro-organisms isolated from 
newly cleared soils and soils under established clover pastures 

Newly cleared soils [ Establ ished clover soils 

Anitibiotic production Antibiot ic  production Micro-organisms 
isolated 

Number 

tested Bacteri  Bacteri  
cidal ostatic 

Number 

tested Bacteri  . Bacteri  
cidal ostatic 

Rhizopus 
Mucor 
Mortierella 
Non-sporing 
phycomycetes 

Ascomyeetes 
Phoma 
Macrophomina 
Monilia 
Cephalosporium 
Trichoderma 
A spergillus 
Penicillium 
Sporotrichum 
Gliocladium 
Arthrobotrys 
Verticillium 
Pullularia 
Trichosporium 
Cladosporium 
C urvularia 
Helmintho- 

sporium 
Stemphylium 
A lternaria 
Heterobotrys 
Fusarium 
Rhizoctonia 
P ellicularia 
Sclerotium 
Non-sporing 
cultures 

Actinomycetes 
Bacterial  

cultures 

8 

2 

4 
5 

2 
7 

47 

1 

11 

M 

4 
! 

4 

12 
44 

15 

m 

0 

2 

0 

0 

0 

0 
17 

0 

0 

0 

0 

0 

0 
0 

0 

m 

m 

0 

0 

0 
1 

0 
2 

17 

0 

0 

m 

m 

0 
0 

0 

o 
5 

1 

5 
5 
1 

1 

I 

6 

8 
19 

1 

1 

1 

1 

1 

1 

7 

1 

6 
3 
1 

9 
1 

1 

2 

1 
12 

12 

0 

0 

0 

0 
0 
0 
0 
0 
0 
0 
1 

0 

o 
o 
0 
o 

0 
0 

0 
0 
0 
0 
0 
o 
o 

0 

o 
o 

o 

m 

1 

o 
o 
o 
0 
0 
2 
4 

0 

0 
0 
0 
0 
0 
0 

o 
o 
o 
0 
0 
0 
0 
0 

o 
3 

Total  167 19 26 19 1 11 
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antibiotics as well as the most toxic antibiotics, whereas most of the 
other cultures of fungi, actinomycetes and bacteria did not produce 
inhibitors. Twenty-seven per cent of micro-organisms isolated from 
newly cleared soils proved capable of synthesizing antibiotics but 
only ten per cent from established pastures produced antibiotics. 

5. The effect o/single cultures o/micro,organisms on clover seedlings 
and root-nodule bacteria 

Cultures of 260 species and strains of micro-organisms isolated 
from soil from both newly cleared sites and established clover 
pastures were grown aseptically in tubes of sterilized sand in 

TABLE 4 

The effect of carbon supplements upon antibiotic production by micro-organisms 
a n d  upon the nodulat ion and yield of clover seedlings grown in the presence of these 

micro-organisms 

Nutr ient  * 

medium 
Micro-organisms 

Antibiotic 
product ion 

against  
R. tri/olii 

Nodul- 

ation 

Mean 
foliage 
weight 

(mg d.b) 

IV[can 

root 
weight 

(mg d.b) 

Control 
Neutral  ** 

Antagonist ic  t 
Control 
Neutral  
Antagonist ic  

Control 
Neutral  
Antagonist ic  

Control 
Neutral  
Antagonist ic  
Control 
Neutral  
Antagonist ic  

Control 
Neutral  
Antagonist ic 

m 

m 

m 

m 

m 

+ 

+ 

+ 

÷ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 

+ 
+ 

+ 
+ 

15 
17 
1,5 

14 
14 

13 
17 

15 
3 

15 
14 

8 

14 
15 
4 

14 
13 

9 

* 1 = Complete nutr ient  solution 
2 = Nutr ient  solution minus nitrogen 
3 ~ Complete nutr ient  solution plus 2 per cent sucrose 
4 = Nutr ient  solution minus nitrogen plus 2 per cent sucrose 
5 = Complete nutriei~t solution plus 4 per cent s t r a w  

6 = Nutrient  solution minus nitrogen plus 4 per cent s t r a w  

** 229 micro-organisms detailed in text  
"~ 31 micro-organisms detailed in text  
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conjunction with inoculated subterranean clover. Extracts  were 
obtained from the sand in each tube and tested for the presence of 
antibiotics inhibitory to R. tri]olii. 

The results are presented in Table 4 and have been grouped as 
follows : 

(i) controls containing no micro-organisms. 

(ii) neutral micro-organisms which did not inhibit nodulation 
or plant growth. These numbered 229 and consisted of 
species of the following: 

2 Rhizopus, 4 Mucor, 11 Mortierella, 9 Ascomycetes, 10 Phoma, 
1 Macrophomina, 8 Trichoderma, 12 Aspergillus, 32 Penicillium 
(species and strains) 1 Sporotrichum, 1 Gliocladium, 1 Arthro- 
botrys, 1 Verticillium, 1 Pullularia, 1 Trichosporium, 1 Clado- 
sporium, 17 Curvularia (species and strains) 6 Stemphylium, 
1 Helminthosporium, 2 Alternaria, 11 Fusarium, 6 Sclerotium, 13 
non-sporing cultures, 49 actinomycetes, and 27 bacterial cultures, 

(iii) antagonistic micro-organisms which consisted of 2 non- 
sporing Phycomycetes and 29 species and strains of Penicillium. 

Nodulation and growth of the control plants grown with rhizobia 
only were not affected by the addition of sucrose, straw or nitrogen 
(Table 4). The micro-organisms grouped as "neutral" did not 
produce detectable antibiotic(s) in sand culture with either sucrose 
or straw, nor did they inhibit nodulation. The leaves of the clover 
seedlings were a normal green in colour and the seedlings did not 
differ in foliage or root weights from the control plants. 

The micro-organisms grouped as antagonistic produced anti- 
biotics only where sucrose and straw amendments had been used; 
under these conditions foliage and root weights of the clover 
seedlings were reduced and nodulation was inhibited (see Table 4). 
Furthermore, a purplish-red colour similar to that  displayed by 
non-nodulated clover plants in the field, frequently developed in 
the foliage of the seedlings. 

All the micro-organisms that either synthesized antibiotics in 
sand culture, inhibited nodulation, or produced phytotoxic sub- 
stances, were originally isolated from virgin soils. All the micro- 
organisms isolated from soil under established clover pastures and 
most from virgin soils proved to be neutral. Microscopic examination 
indicated that  the antagonistic organisms failed to grow, either i n  
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soil or in the rhizosphere, unless stimulated by the addition of 
sucrose or straw. 

It  is worthy of note that not all the organisms which produced 
antibiotic in broth culture (table 3) inhibited nodulation in sand 
culture. Every organism, however, which inhibited nodulation and 
depressed seedling growth also produced detectable antibiotic in 
broth culture. 

5. The e//ect upo~a nodulation and growth o~ clover seedlings o/ groups 
o/ micro-organisms /rom virgin and pasture soils 

Sand containing 4 per cent (w/w) sterilized macerated straw was 
placed in seed boxes and inoculated with two groups of micro- 
organisms, one from virgin soils and one from established clover 
pastures. Because of the difficulty of assessing the hyphal activity 
of the micro-organisms after their inoculation into the straw en- 
riched sand, only those organisms were used which were most 
frequently isolated from each soil. Those from virgin soils numbered 
79 and consisted of species of: 2 non-sporing Phycomycetes,  8 
Mortierella, 3 Phoma, 1 Trichoderma, 4 Aspergillus, 15 Penicillium, 
9 Curvularia, 4 Fusarium, 4 Sclerotium, 12 non-sporing cultures and 
17 actinomycete cultures. 

Those from established clover pastures numbered 49 and con- 
sisted of: 4 Mortierella, 2 Rhizopus, 4 Mucor, 1 Phoma, 1 Macro- 
phomina, 1 Trichoderma, 3 Aspergillus, 2 Curvularia, 5 Penicillium, 
8 Fusarium, 1 Sporotrichum, 1 Pullularia, 1 Cladosporium, 1 
Stemphylium, 1 Sclerotiurn, 1 non-sporing culture and 12 actinomy- 
cete cultures. 

Tile box cultures were watered with the nitrogen-free plant 
nutrient solution and then held at 15°C in growth cabinets for 7 days 
before inoculated clover seeds were planted. 

Nodulation was inhibited in the presence of micro-organisms 
originally isolated from newly cleared soils. Moreover the clover 
leaves developed reddish discolouration similar to though not as 
well defined as, that associated with nodulation failure in the field 
or with that  found in plants grown with certain pure cultures of 
micro-organisms in the test tubes. There was a decrease in the 
foliage weights but no significant difference in the root weights of 
the clover seedlings when grown with the two different groups of 
micro-organisms (see Table 5). 
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TABLE 

The nodulation and growth of clover seedlings grown in straw 
enriched sand and irmeulated with micro-organisms isolated from 

virgin soils and similar soils supporting clover pastures 

Micro- 
organisms 

from 
newly 
cleared 

soils 

Micro- 
organisms 

from 
establish- 

ed pastures 

Level of 
signific 

ante 

Number of plants 
Number nodulated 
Mean fresh foliage weight (rag) 
Mean fresh root weight (mg) 

50 

3 
162 

54 

50 
50 

210 

59 

P < 0.1% 

P < 0.1% 
Not signi- 

ficant 

Soil water extracted 6 days after inoculation with the micro- 
organisms isolated from virgin soils was toxic to R. tri[olii whereas 
antibiotics were not detected in extracts from the soil inoculated 
with micro-organisms isolated from soils under established clover 
pastures. 

Species of Mortierella, Penicillium, Curvularia, Sclerotium and 
non-sporing Phycomycetes were found to be vegetatively active on 
the straw inclusions in the soil inoculated with micro-organisms 
originally isolated from virgin soil, whilst species of Mortierella, 
Rhizopus, Mucor, Macrophomina, Aspergillus, Fusarium, and 
Sclerotium were active in the soil inoculated with those micro- 
organisms isolated from soils under established clover pastures. 

These results again indicate that certain micro-organisms 
originally present i n virgin soil can produce substances which are 
toxic both to R. tri/olii and to the host plants. 

DISCUSSION 

The nodulation failure of subterranean clover on newly cleared 
lateritic podzolic soils has been shown to be overcome by moist 
heat 7, chemical sterilization or ageing the soils before planting the 
inoculated clover seed. Generally soil sterilization is accompanied 
by a release of nutrients and therefore the improvement of clover 
nodulation in sterilized soils could be attributed to this rather than 
to the destruction of the endemic soil flora. However, S h i e r  and 
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D u n n e  (cited from Cass S m i t h  and H o l l a n d  2) found no 
improvement in nodulation using a wide range of both major and 
trace elements. 

The micro-organisms tested in this investigation were found, in 
the main, to be compatible with the clover plant and its associated 
root-nodule bacteria. The exceptions were certain antibiotic 
producing fungi, especially in the genus Penicillium, which inhibited 
root-nodule bacteria and growth of seedlings. 

Antibiotics were detected only twice in newly cleared field soils 
during this investigation but were frequently detected in extracts of 
seedlings grown on problem soils. 

The failure to detect them more often in soil, particularly when 
micro-organisms known to be capable of producing antibiotics were 
present in large numbers, may possibly be attributed to technique. 
However, clover plants growing in such soil appeared to have 
concentrated the antibiotic in their leaves to a point where it was 
detectable in the agar-plate bioassay. 

In this investigation certain species of Penicillium and non- 
sporing phycomycetes both in pure and in mixed cultures synthe- 
sized substances that  inhibited nodulation and were phytotoxic, 
resulting in a stunting of the plant and decreased chlorophyll and 
increased anthocyanin in the foliage. These plants showed the same 
symptoms displayed by the field grown plants. 

A comparison of the microbial populations in a problem soil and 
in soils where clover has become established shows that there has 
been a major shift in the fungal species 6 7 s. A substantial number 
of fungi isolated from newly cleared soil have produced antibiotics 
which are toxic to both nodule bacteria and clover plants. These 
fungi flourish on the organic debris remaining in the soil when the 
original vegetation is cleared 6 7 s. As the soil ages the population 
changes s and becomes mainly compatible with rhizobia and with 
the clover seedlings. Clover pastures may then be established. 

We conclude from the evidence presented that the problem of 
clover establishment on newly cleared soils at Wongan Hills is due 
to microbial antagonism. 

SUMMARY 

In  cer ta in  newly  cleared soils in Wes te rn  Aust ra l ia  sub t e r r anean  clover  
fails to  nodulate .  The p lants  are s t u n t e d  and  discoloured wi th  grea t ly  in- 
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creased  a n t h o c y a n i n  a n d  decreased  ch lo rophy l l  in  the  leaves  a n d  petioles.  
Chemica l  s t e r i l i za t ion  of such  a soil in  t he  field p e r m i t t e d  n o d u l a t i o n  a n d  
n o r m a l  g r o w t h  

W a t e r  e x t r a c t s  f rom t he  p r o b l e m  soils were twice  p r o v e d  toxic  to  R.  tr i /ol i i ,  
a n d  e x t r a c t s  f rom t h e  leaves  of a f fec ted  p l a n t s  were f r e q u e n t l y  so. I n  s a n d  
cu l tu re  expe r im en t s ,  where  i nocu la t ed  c lover  seedlings were grown t o g e t h e r  
w i t h  single s t r a ins  of soil isolates,  an t ib io t i c s  were p roduced  b y  some isola tes  
b u t  on ly  w h e n  sucrose  or s t r a w  was  added  to t he  sand.  T h i r t y - o n e  fungi  pro-  
duced  d e t e c t a b l e  an t ib io t ic (s )  a n d  i n h i b i t e d  n o d u l a t i o n  a n d  g r o w t h  of t he  
seedlings.  None  of t he  r e m a i n i n g  153 fungal ,  49 a c t i n o m y c e t e  or 27 bac t e r i a l  
cu l tu res  a f fec ted  t he  seedlings.  T he  a d d i t i o n  to s t r a w  enr i ched  s and  of mixed  
cu l tu res  m a d e  up  of t he  m o s t  f r e q u e n t l y  occur ing  mic ro -o rgan i sms  f rom.  
v i rg in  soil ill one group,  a n d  f rom soil u n d e r  e s t ab l i shed  p a s t u r e  in  ano the r ,  
showed  those  f rom v i rg in  soils exe r t i ng  a m a r k e d  depress ion  u p o n  n o d u l a t i o n  
a n d  g r o w t h  of c lover  seedlings.  

Seedl ings  g rown t o g e t h e r  w i t h  single or mixed  cu l tures  of an t ib io t i c -p ro -  
duc ing  o rgan i sms  f r e q u e n t l y  d i sp layed  s y m p t o m s  of s t u n t i n g  a n d  discolour-  
a t i on  t yp i ca l  of t he  field syndrome .  

The  p r o b l e m  of c lover  e s t a b l i s h m e n t  on  v i rg in  soils appea r s  to  be  caused  b y  
a n t i b i o t i c - p r o d u c i n g  fungi  w h i c h  pro l i fe ra te  on  t he  organic  debr is  r e m a i n i n g  
a f t e r  t h e  or ig ina l  v e g e t a t i o n  has  been  removed .  
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