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ABSTRACT

A method was standardized for conducting pathogenicity of Fusarium vasinfecturn Atk., on cotton, using spore suspension instead of
conventional soil-oat inoculum. Spore load higher than an optimum
seemed to decrease percentage wilt. The spores in high concentrations
failed to germinate in glass-distilled water, soil extract and in soil. This
apears to be due to some water-soluble self-inhibitory principle released by
the spores. This principle might be responsible for the observed decrease
in percentage wilt at the higher spore inoculum levels.
INTRODUCTION

WHEAT meal, soil-oats or agar inocula have been used in pathogenicity
trials of soil-borne root-disease fungi. Soil-oats inoculum of Fusarium
vasinfectum has been used in this laboratory for over a decade (Subramanian,
1950; Kalyanasundaram, 1954; Raghu, 1963; Charudattan, 1967). It has
been increasingly felt that the left over organic matter, i.e., oats, in the
above inoculum might interfere with the natural soil microflora and thereby
vitiate the results. Experiments were, therefore, designed to find out an
optimum level of spore inoculum to cause successful pathogenesis and
their results are presented here. At spore concentrations higher than the
optimum, lowered incidence of wilt was recorded. This could be correlated to a self-inhibitory principle in the spores of the pathogen, active at
higher spore concentrations. The results of these experiments are presented.
* Memoir No. 90 from the Centre for Advanced Studies in Botany.
i" 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

L Pathogenicity
Soil.--Garden soil sterilized at 20 lbs/sq" steam pressure for 2 hours
was used. 200 g of soil were taken in each of the steam-sterilized earlhenware pot.
Pathogen.--A virulent strain of the pathogen, F. vasinfectum isolated
from wilting cotton plants grown in the "wilt-sick" soils of Palladam
(Madras State) has been used in all the experiments.
The above pathogen was grown in 30 ml of potato dextrose agar in
250 ml Erlenmeyer flasks. After 10 days' growth 20-30 ml of sterilized
water were added to each flask. The surface of the culture was gently
brushed and the turbid suspension obtained was filtered through a layer
of cheese cloth to obtain spore suspension free of mycelial fragments. The
number of spores per ml was assessed by haemocytometer counts. Required quantity of spore suspension was mixed well with soil. The mixed
inoculum was incubated for 48 hours before sowing of seeds.

Host.--Pure seeds of Gossypium arboreum L. var. indicum (Karunganni 6)
a diploid cotton variety susceptible to F. vasinfectum obtained from the
Agricultural College and Research Institute, Coimbatore, Madras State,
were used.
Seeds were delinted with concentrated HzSO4, surface sterilized by
soaking in 0'1~o solution of mercuric chloride, before sowing. Fifteen
seeds per pot were sown. After germination, the seedlings were thinned
so as to leave 10 per pot. The seedlings were maintained at 50~o moisture
level of the soil using sterilized tap-water.

Evaluation of wilt disease.--Readings of wilt were taken every alternate

d a y and the wilt index and wilt percentage were calculated as devised by
Kalyanasundaram (1953).

II. Self-Inhibitory Principle in Spores
The spore suspension obtained as detailed above was washed thrice
by centrifuging (4,000 r.p.m, for 15 minutes) with fresh quantity of sterilized distilled water every time. The final volume was made up to 30 ml
and incubated at room temperature for 24 hours. At the end of this period
none of the spores had germinated. The suspension was centrifuged
(4,000 r.p.m, for 15 minutes) under aseptic conditions and the supernatant
was separated (Fraction I) and tested for its effect on spore germination.
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The pH of 15 ml of the above fraction (I) was adjusted to 3-5 using
0.1 N HC1 and to this was added 15 ml of ethyl acetate in a separating
funnel. After vigorous shaking for 15 minutes, the ethyl acetate phase
was separated. The water phase was shaken thrice with fresh quantity
of ethyl acetate and all the ethyl acetate fractions were pooled and evaporated to dryness in vacuo. This was redissolved in 2 ml of glass-distilled
water. This fraction (II) was tested for inhibition of spore germination
before being taken for further analysis. The water phase left over (Fraction
IlI) was also similarly tested.
The fraction II was again evaporated in a desiccator and redissolved
in 80~o ethanol and used for chromatographic evaluation following the
method of Sanwal (1956) and Kluepfel (1957).
The aqueous fraction (III) was concentrated to 2 ml in a Rotavapor
and used for chromatographic analysis.

Standardization of inoculum using conidia of F. vasinfectum.--Fifteen
levels of inoculum varying from 25 to 3,00,000 spores per gram of sterilized
soil were used in the pathogenicity trials. Four replicates for each level
and a set of control were maintained. Germination counts were taken
after 2 days and readings were recorded on the progress of wilt on
alternate days. Symptoms like vein clearing, yellowing, shrivelling of
cotyledons, etc., were noted. Partially wilted plants showing clear symptoms
of wilt were removed, washed and plated out in agar medium under
aseptic conditions to see the emergence of the pathogen, to ensure the
wilt due to pathogen.
Results.--Spore suspension of F. vasinfectum in water, when added
to soil was found as effective as soil-oat inoculum in causing wilt of cotton
plants. Mortality rate was 100~o in pots that had received 15,000 spores/g
soil. No wilt was noticed where the inoculum level was less than 750 spores/g
soil. However, with increasing levels, an increase in percentage of wilt
was noticed. Beyond an optimum concentration, the percentage of wilt
showed a slight decline (Table I). The level of 15,000 spores/g soil was
hence considered optimum for successful pathogenesis.
Self-inhibition of spore germination of F. vasinfectum.--The decrease
in percentage of wilt noted in cotton plants inoculated in soils with spore
concentrations higher than the optimum level in the pathogenicity trials
with F. vasinfectum raised the question whether it is due to the failure to
obtain optimum spore germination in situ at higher concentrations. Hence,
spore suspensions of varyin~ concentrations were prepared and spore
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TABLE I

The effect of various levels of inoculum of F. vasinfectum on the
production of wilt of cotton
No.

Inoculum level
No. of spores/g of soil

Age of the plants in days
10

15

20

25

30

1

25

WI
WP

2

75

WI
WP

0
0

0
0

n
0

3

250

WI
WP

0
0

0
0

0
0

4

750

wI
WP

5

1500

wI
WP

6

3000

7

0
0

1.6
0

6.6
2.5

20.8
12.5

$9.1
27.5

2.5
0

11"7
2.5

22.5
7.5

48.1
27.5

70-8
60.0

wI
wP

4-8
2.5

23.3
7.5

38 -3
22.5

58.1
42.5

73.3
67.5

7500

WI
WP

4-8
2-5

15 "8
7.5

39"3
27-5

69.2
55.0

85-0
72.5

8

15000

WI
WP

12-5
5.0

29-8
17.5

56-5
47.5

86-2
72.6

100.0
100.0

9

22000

WI
WP

6"6
2.5

33.3
20.0

65.1
45-0

85.8
67.5

10

~0~

WI
WP

13.3
0

24.1
12-5

48.8
32.5

73.1
52.5

11

45000

WI
WP

1.7
0

14.1
0

30.0
10.0

47.3
37.5

69.3
47-5

12

10~00

WI
WP

2.1
0

15"6
O

35.1
12.5

55.1
42-5

72.3
55.0

13

150000

WI
WP

1.7
0

17.3
2.5

31.1
15-0

52-6
47.5

76"2
60.0

14

220000

WI
WP

13-7
0

36"6
12.5

55-3
37.5

72"1
55.0

15

300000

WI
WP

15-6
2.5

32-5
17.5

55.3
45.0

79.2
60-0

C

0

WI
WP

2.4
0

C =. Control.
WI -- Wilt index
WP = Wilt percentage.
Statistical analysis: Treatments significant at 1% level.
Conclusions: Treatments: 8 > 7 > 6~'4">

13,15, 5 > T2,-1"-4 ~> 1 0 > 11 > 4 >

3,2,1,C
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germination tests were carried out in distilled water, soil extract and in soil
in situ. Eight different concentrations varying from 0.02 x 106 spores to
3 "26 x 106 spores/ml in the case of glass distilled water, eleven concentrations ranging from 0.02 x 106 to 23.08 x 106 spores/ml in the case of soil
extract, and ten different concentrations starting from 0.05 x 106 to 50.0 x
106 spores/ml in the case of soil were used. Incubation was done at room
temperature for 24 hours. The germination counts were done with haemocytometer. For spore germination in soil in situ, the methods suggested
by Boosalis (1960) and Jooste (1965)were followed.

Results.--Maximum percentage germination was seen in concentrations of 0.02 x 106, 0.05 x 106 and 0.01 x 106 spores in the case of glass
distilled water, soil extract and soil respectively. The percentage germination was seen to decrease as the concentration of conidia per ml increased beyond these levels in the different substrates (Tables II a, b and c).
Extraction and characterization of self-inhibitory principle.--In their
experiments with the spores of blast fungus Pyricularia oryzae, Ogasawara
et al. (1961) assumed that the spores in crowded condition released into

water a germination inhibitor. This inhibitor was later found to be apicolinic acid, one of the phytotoxins produced by the fungus. Since
TABLE II (a)

Percentage germination of spores of F. vasinfectum in distilled water
Spore concentration

No. of spores/ml

Percentage
germination

0.02 X 106

87

0.05 X 106

85

0-12 X 106

65

0.20 x 10n

54

0-31 X 106

32

0-83 X 106

4

1.89 X 10n

0

3.26 x 106

0
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TABLE II (b)

Percentage germination of spores of F. vasinfectum in soil extract
Spore concentration

No. of spores/ml

Percentage
germination

0.02 × 10e

100

0.05 × 10e

100

0.I1 × 106

94

0.30 × 10e

80

0-47 × l0 s

66

0-81 × 10e

39

1-30 × 106

20

2.01 × 106

7

5-66 × 10a

3

12.24 × 106

0

23.08 × l0 s

0

F. vasinfectum is known to produce the phytotoxin fusaric acid, a struc-

tural analogue o f a-picolinic acid, attempts were to fraction the spore
exudates and analyse them for the possible presence o f fusaric acid or a- picolinic acid.

The methods of obtaining the fractions are mentioned already. 600/z 1
of the fraction II of the spore exudates was streaked on a Whatman
No. 1 filter-paper and the chromatogram was run for 12 hours in n-butanol:
acetic acid : water: : 4 : 1 : 5 as the solvent. Duplicate chromatograms were
set up. Similarly, chromatograms were run with fraction II|. A plain
filter-paper without sample was also run in the solvent~system as the blank.
One set of the chromatogram was sprayed with Dragendorff reagent
to identify the possible presence of Pyridine carboxylic acid derivative like
fusaric acid and a-picolinic acid. The duplicate set o f chromatograms (of
fractions II, !II and blank) were cut into three lon~ strips parallel to th~
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TABLE II (C)

Percentage germination of spores of F. vasinfectum in soil in situ
Spore concentration

No. of spores/ml

Percentage
germination

0.05 x 106

100

0.10 x 106

100

0.20 x 106

87

0.50 x 106

64

106

53

2.00 x 106

31

5-00 x 106

12

10.00 x 106

2

20.00 × 106

0

50.00 × 106

0

1.00 ×

direction of solvent movement. Each strip was further divided into small
bits of 2 cm. Each 2 cm bit was eluted in sterilized distilled water for 24
hours. Spore suspension of F. vasinfectum was placed in the eluate from
each bit and incubated in a moist chamber for 24 hours. Germination
counts were taken to look for the .specific region of the chromatogram
eluate which might have the inhibitory factor.

Results. The concentrated spore exudate (Fraction I ) w a s found to
be inhibitory to the germinating spores of F. vasinfectum. The acidic
fraction taken in ethyl acetate (Fraction 1I) was not inhibitory to spores,
while the residual water phase (Fraction IlI) retained its inhibitory character
(Table III).
Chromatographic separation and bioassay indicated the presence of
an inhibitory substance with an Rf of 0.281 in fraction lII (Fig. 1).
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TABLE llI

The effect of different fractions of spore exudates c f F. vasinfectum on
spore germination
Percentage
spore
germination*
Control

93

Fraction I

17

Control II

95

Fraction II

83

Control

91

Fraction III

22

Controls - sterilized distilledwater.
* Results based on countsof 4 randomfieldsin 4 replicates.
The lack of inhibition by the ethyl acetate fraction (I1) and also the
absence of fusaric acid or ~-picolinic acid in chromatographic analysis, rule
them out as the inhibitors. Nevertheless, it was possible to conclude that
the spores do produce an inhibitor which could not be extracted in the
solvent system tried.
Preliminary screening of the inhibitory spot in the chromatogram under
UV light and with various chemical reagents did not indicate the nature
of the inhibitory substance.
DISCUSSION
The optimum concentration of spores of F. vasinfectum that would
induce typical symptoms like vein-clearing, yellowing, etc., in cotton and a
100~o wilt similar to that encountered with soil-oats inoculum was 15,000
spores/g of soil. Spore loads less than 750 spores/g soil fail to produce any
disease. Thus, the minimum threshold value for successful pathogenicity
appears to be 750 spores/g soil under the present experimental conditions.
However, with increasing concentration of spores, an increase in the
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percentage of wiltis noticed up to 15,000 spores/g soil (Table I). It is known
in the case of Fusaria that for successful parasitic colonization a high spore
load is necessary (Garrett, 1954; 1956). Such a parasitic colonization has
been shown to involve mass invasions at different loci of roots for minim u m pathogenesis in the case of Fusarium wilts and some of the other
diseases (Colhoun, 1954; Ludwing etal., 1956).
Decrease in disease index due to very high load of inoculum has been
reported by Rao and Rao (1966 a, b) with reference to F. oxysporum f.
vasinfectum in cotton. It was of interest to find out the reason behind the
lowered wilt observed when high spore loads were used.
Absolute inhibition of spore germination was observed in vitro at the
concentration of 1.89 × 106 spores/ml in distilled water. Such an inhibition with high concentrations of spores has been demonstrated by Shanti
(1967) in the case of the foot-rot fungus F. moniliforme. Inhibition of spore
germination at a concentration of 12.24 z 106 spores/ml, in soil extract has
been demonstrated here and, indeed, there was also self-inhibition of spores
with increasing concentrations in situ in soils. Therefore, spore concentrations beyond a particular level in the soil appear to develop auto-inhibition.

Self-inhibitory principle.--Spore exudates were analysed for the possible
presence of the wilt toxin fusaric acid, or its related compounds which are
known to inhibit germinating spores. The lipophilous acid fraction did
not contain the inhibitor, which ruled out fusaric acid, but t.he presence
of an unidentified substance wilh a specific Rf value in the water phase
of the spore exudate as responsible for the inhibition was demonstrated.
Such an inhibition of spore germination has been demonstrated by others
(Boyd, 1952; Allen, 1955; Yarwood, 1956; Cochrane, 1958; Rotem, 1963;
Lingappa and Lingappa, 1964, 1965, 1966). The possibility of this factor
operating in the pathogenicity experiments with the higher inoculum levels
cannot be ruled out. Talboys (1964) is of the opinion that only when a
pathogen accumulates in the vascular tissues of the host at a certain minimum
quantity, wilt is caused. The decrease in percentage of wilt seen here with
F. vasinfectum when spore loads were added to soil in high levels, may be
due to its failure to attain the required threshold level of infection owing
to auto-inhibition.
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Photomicrograph of germinating conidium of F. vasinfectum, forming terminal chlamydospore
under the influence of the natural soil from "wilt-free" area. Note the germ tube ending in
chiamydogpote.

