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ABSTRACT

An assay of "wilt-sick" and "wilt-free" soils from cotton growing
areas revealed the fungistatic nature of the latter soil to the wilt pathogen
Fusarium vasinfectum Atk. Screening of the soils for antibiotic producers,
revealed that the "wilt-free" soil harbours far more microorganisms antagonistic to the fungus than the other, leading to enhanced "antibiotic index" and "antibiotic value" over the other soil. Among the microorganisms isolated from these soils, actinomycetes were the most potent
antagonists.
INTRODUCTION

OBSERVATIONS on the Fusarium wilt of cotton in Palladam, Udamalpet and
Kovilpatti soils of Southern India indicate its consistent occurrence in
Palladam and Udamalpet areas in contrast to its absence in Kovilpatti
cotton tracts. However, the causal pathogen Fusarium vasinfectum Atk.,
is known to occur in all these three soils (Zachariah, 1949; Sulochana,
1958). Could antibiosis be the reason for the "wilt-free" nature of the
Kovilpatti soil, in spite of it harbouring the soil-borne pathogen ? It was
felt that a study of the microorganisms present in these three soils which
are antagonistic to F. vasinfectum, might yield information as to the role
played by them in soil antibiosis. This paper reports the results of an
assay of three cotton field soils for their fungistasis and also includes analysis of some of the other factors of antibiosis.
* Memoir No. 91 from the Centre for Advanced Studies in Botany.
t Part of the thesis of the author approved for the degree of Doctor of Philosophy by the
University of Madras, 1968.
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MATERIAL AND METHODS

Assay of soils for fungistasis.--Sterilized and unsterilized soils of PaUadam, Udamalpet and Kovilpatti were assayed for fungistasis, using the
methods described by Jackson (1958). Plain agar discs (270) were incubated on filter-paper squares kept on soils for four hours and thereafter
spores of F. vasinfectum were placed on them and incubated for 24 hours.
Spore germination counts were taken by observing the agar disc mounted
on a glass slide under microscope. Four discs were taken for each of the
soil samples and four different fields were examined for every disc of agar.
The percentage of spores that had germinated was calculated. Wherever
there was germination, the germ tube length was measured for 100 conidia
with ocular micrometer and average taken.
To determine whether or not the inhibitory factor was toxic, four
inoculated discs which had been in contact with soil for 28 hours (4 hours
before adding spores + 24 hours after adding spores) were removed for
microscopic examination and subsequently placed on filter-paper moistened
with 1 "070 (W/v) glucose solution and incubated for a further period of
12 hours and examined once again for germination.
RESULTS

While germination of spores was inhibited by unsterilized soil of
Kovilpatti (4270 germination), such an inhibition was not observed with
Palladam and Udamalpet soils (8470 and 8770 germination respectively).
The sterilized soils of these fields did not inhibit germination of spores
(Text-Fig. 1).
The germ tubes were short and wavy and chlamydospores were formed
terminal and not intercalary when spores were germinated under the influence of the natural soil from Kovilpatti (Plate VI).
When discs showing low percentage of germination of spores, were
transferred to and incubated over glucose moistened filter-paper, the percentage germination simulated that of control discs.

Effect of root exudates on soil fungistasis.--To ascertain if the fungi
static effect of the Kovilpatti cotton field soil could be overcome by addition of root exudates of cotton, instead of glucose solution, an experiment
identical to the previous one using root ecudate with the agar disc instead
of glucose was performed.
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Results.--The inhibition of germination observed in the case of spores

subjected to the unsterilized Kovilpatti soil was reversed under the influence of the root exudate. While the discs containing root exudates incubated over unsterilized soil showed germination of 93-8% of the spores, discs
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TBXT-FIO. 1. Influence of three different cotton field soils. (Sterilized and unsterilized)
the germination of spores of F. vasinfectum.

without root exudates
germination (Table I).

on

incubated over the same soil showed only 44.8~o

Screening of the soils for antagonistic microorganisms.--The fungistatie

property of the microbial population of Kovilpatti soil was next screened.
Using Waksman's (1927) soil dilution method and Warcup's (1950)
soil plate technique, fungi, bacteria and actinomycetes of the soils were
isolated. Six replicates in each were maintained and the fungi and aetinom),cetes after incubation of 7 and 10 days respectively were transferred t9
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potato-dextrose agar slants and the bacteria to Thornton's medium for
maintenance.
TABLE

I

Germination of microconidia of F. vasinfectum under the influence of unsterilized soil of Kovilpatti and the root exudates of host plants*
Unsterilized soil of Kovilpatt/
Micro-

Discs without root exudates [ Discs with root exudates

Spores

I

[

1

2

3

4

[

1 [

I

I

2

3

4

Count (germinated and ungerminated conidia/4
microscopic fields)
No. of germinated spores
.. 102
No. of ungerminated spores .. 98

97
112

77
121

164

No. of germinated spores
.. 87
No. of ungermina' ed spores .. 129

76
117

64
83

109
127

91
84

82
121

102

89

93
146

No. of germinated spores
. 123
No. of ungerminated spores .. 141

131
106

86
94

95

No. of germinated spores
..
No. of ungerminated spores ..

germination

*

Mean

°.

..

47.2

45.08

43.3
44.08

104
8
105
13

114
6

56
1

88[xl "I /"

43"0

118
11

92.6

96

105
6

44

93

1

119
14

9 4 . 4 / 96.3

93.8

8

92.1

A g a r discs loaded with conidia after i n c u b a t i o n over soil for 4 h o u r s .
Analysis o f V a r i a n c e

Source o f variance
Between t r e a t m e n t s
Within t r e a t m e n t s

Sums of squares
19139.5
1633.5

Degrees o f f r e e d o m
1
30

Variance e s t i m a t e
19139.5
54- 5

C o n c l u s i o n s : T r e a t m e n t m e a n s dffer significantly f r o m each o t h e r
C . D . at 1 % level = 6.7;
C . D . at 5 % level = 3.8

The antagonists from among the isolated organisms were selected by
placing them at three equidistant points around the periphery of the petri
dish containing soil extract agar with 1:. vasinfectum in the centre. Those
organisms that showed inhibition of the growth of the test fungus as seen
by the zones of inhibition were used for streaking tests to evaluate their
degree of antagonism.

Results.--It was observed thai the Kovilpatti soil had the largest number
of antagonists when microorganisms from three soils were tested against
F. vasinfectum. Of the three groups of organisms, actinomycetes played
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the dominant role as antagonists. Thus, when 31 actinomyces, 20 fungi and
10 bacteria of the Kovilpatti soil were tested, 10 actinomycetes, 4 fungi
and 1 bacterium showed inhibition to the pathogen.
Quantitative estimation of the microorganisms per g soil revealed that
the Kovilpatti soil had the highest number of fungi, actinomycetes and
bacteria (Tables 1I a, b and c).
"Antibiotic index" and "Antibiotic value" of the soils.--Results of the
previous experiment have indicated that Kovilpatti soil had higher number
of antagonistic organisms, chiefly the actinomycetes. To evaluate the
degree of inhibition exhibited by these organisms and to get an idea of the
antibiotic 'ability of the soil, they were streaked individually in the periphery of the Petri dish containing soil extract medium with the pathogen
in the centre. Four replicates were maintained per antagonist.

After one week incubation, the zones of inhibition, i.e., the distance
from the foremost edge of the fungal colony to the centre of the actinomycete
streak were measured and the "antibiotic index" and the "antibiotic value"
for all soils were calculated following the method of Cooper and Chilton
(1950). The quantitative estimation of the microorganisms obtained in
dilution plates was utilized for calculating the 'antibiotic value' of the
soil samples. 'Antibiotic value' is considered to be a quantitative measure for the antibiotic activity of microorganisms in any given soil.
Results.--The 'antibiotic index' and the 'antibiotic values' of the
soils are given in Tables II a, b and c. 'Antibiotic index' was highest in
Kovilpatti soil with reference to actinomycetes while for bacteria and fungi
the indices were high in Udamalpet soil. However, the 'antibiotic value'
for all groups of organisms were highest in Kovilpatti soil only, because
of its numerical superiority over the other soils.
DISCUSSION

Fungistasis as a factor in antibiosis.--An assay of 'wilt-sick' and wiltfree' soils revealed the presence of an inhibitory factor(s) in 'wilt-free'
soil to F. vasinfectum. This appeared to be a fungistatic effect that could
be reversed or negatived by addition of glucose or host root exudates.
Furthermore, 'wilt-free' soil brought about changes in conidial germ
tubes morphology and linear growth (Table 11I). Also, chlamydospores
were mostly terminal in the mycelia instead of the usual intercalary occurrence under the influence of the 'wilt-free' soil. Such terminal chlamydo-
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spores noticed in Fusarium solani and other unidentified Fusaria have been
attributed to soil fungistatic factor(s) by Jackson (I957). Venkata Ram
(1952) and Park (1954) have also reported the formation of such chlamydospores by Fusaria in response to an inhibitory factor produced by soil
bacteria. Chlamydospores thus formed initially under the influence of the
'wilt-free' unsterilized soil could be induced to germinate, when supplied
with glucose. Similar induced germination was also recorded by Jackson
(1957, t958).
TABLE I I

Antibiotic potency of Palladam, Udamalpet and Kovilpatti Soils
(a) 'Antibiotic index' ond 'Antibiotic value" o f Fungi
Fungi/g*
soil

Soil origin
Palladam

Antibiotic
index

Antibiotic value
(/thousands)

0.3

4.44

Udamalpet

12.7

1"1

13.97

Kovilpatti

25.3

0.6

16.18

* in thousands

(b) 'Antibiotic index and Antibiotic value' o f Actinomycetes
Soil origin

Pailadam

~ 0

Udamalpet

D~

Kovilpatti

@@

Antibiotic
index

Antibiotic value
(/thousands)

2.52

52920

1.5

2.62

39300

3.6

5.40

194400

Actinomycetes/g*
soil

!il I

(c) "Antibiotic index" and "Antibiotic value' o f Bacteria
Soil origin

Bacteria/g*
soil

Palladam

Antibiotic
index

Antibiotic value
(/thousands)

0.6

10020

Udamalpet

20-0

0-8

16000

Kovilpatfi

35.0

0.3

10590

* in million~
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The observed inhibition of spore germination by unsterilized soil was
not recorded with sterilized soils of any of these cotton growing areas, thus
pointing out that the fungistatic property of the soils had been removed by
sterilization. Lockwood (1959), Dobbs et al. (1960) and Griffin (1962)
have also reported that on sterilization, soil loses its natural fungitoxicity.
On the basis of these results it could be stated that the inhibitory effect
involved in spore germination may be due to fungistatic substance(s)
naturally present in the 'wilt-free' Kovilpatti soil.
TABLE I I I

Length of germ tubes of microconidia of F. vasinfectum incubated over sterilized and unsterilized soils of Palladam, Udamaplet and Kovilpatti*

Control
(filter-paper)

69.6

Palladam sell
Sterilized
62.7

Unsterilized
44.6

Udamalpet soil
Sterilized
53.8

Unsterilized
41.9

Kovilpatti soil
[
Sterilized Unsterilized
51.6,

17.8

* Average of 100 germ tube lengths in ~,.

'Antibiotic index' and 'Antibiotic value' of soils..--When the three soils
were screened for microorganisms antagonistic to the wilt pathogen,
ceterius paribus, largest number of antagonists could be isolated from the
'wilt free' soil. Of the three groups of organisms, the actinomycetes
were the major antagonists in this soil. Also in the quantitative estimation
based on per gram of soil, the Kovilpatti sample in contradistinction to
those of Palladam and Udamalpet showed the highest number of fungi,
bacteria and actinomycetes (Table II a, b and c). The antibiotic value for
actinomycetes was higher in the Kovilpatti soil than in other two soils,
when Brian (1960) discussed the possible role of antibiotics in soil, he
concluded that although antibiotic accumulation was unlikely to occur in
many of the soils in which fungistasis had been detected, production of
antibiotics by microorganisms seemed the most likely explanation for
fungistasis. Hence, the presence of comparatively large number of antagonists
especially strong antibiotic producers like actinomycetes in the 'wilt free'
soil of Kovilpatti could be correlated to the fungistatic nature of the soil
with reference to F. vasinfectum.
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