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PHYSIOLOGICAL STUDIES ON INCITANTS OF GUAVA
WILT FUSARIUM SOLANI (MART.) APP. AND
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By
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Studies were made of Pusarium solani and Macrophomina phaseoli the incitants
of wilt disease of guava in West Bengal, to find out effect of different factors on
growth and reproduction. Richard’s synthetic agar was found best for growth
of F. solani and potato-dezgrose-agar for M. phaseoli. Optimum concentration
of earbon for growth and sporulation of F. solani was between 3.0-4.09% and for
M. phaseoli between 5.5-6.09%,. Starch was the best source of carbon for
F. solani and in M. phaseoli. Good growth was noted in all the cases except
mannitol and glycerine. The optimum concentration fo nitrogen for F. solani
was between 0.59, to 1.09, of KNOS$ below or above which there was slight reduc-
tion in growth. In case M. phaseoli with progressive increase in nitrogen con-
centration there was practically no increase in vegetative growth below 29,.
Growth of F. solani and M. phaseoli decreased when the concentration of Indol-3-
acetic acid was increased to 50 PPM. Sporulation of F. solani was completely
suppressed at this concentration. In case of Napthel-acetic acid with increasing
concentration there was progressive decrease in case of F. solani. But in case
of M. phaseoli there was increase in vegetative growth with increasing concentra-
tion of Napthal-acetic acid. Optimum pH for F. solani and M. phaseoli was
6.0. Optimum temperature for growth of and sporulation of F'. solani was between
95°-30°C. and for M. phaseoli 35°C. for growth, and 25°C. for sclerotia formation.
Thermal-death-point of F. solani was approximately 60°C. and that for M. phaseoli
65°C. The optimum soil moisture for F. solani was 60% saturation and for
M. phaseoli was 40%,. With increase or decreasedn the moisture content, growth
of both the fungi was reduced.

INTRODUCTION

Guava plants in West Bengal suffer from a wilt disease incited by
pathogens, Fusarium solani (Mart.) App. and Wr. emend Snyder and
Hansen and Macrophomina phaseoli (Manbl.) Ashby either alone or in
combination (Chattopadhyay and Sen Gupta, 1955). As two organisms
are involved and the same disease occurs in two widely different localities
with different soil types, namely, the gangetic alluvium and leached red
laterite soil, studies on physiology of these two fungi were taken up to
have knowledge of the effect of various factors on growth and reproduction
of these two fungi.

* Progent address: Pathologist, Central Potato Research Instiutute, Patna,
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MATERIAL. AND METHODS

Fusarium solani Isolate ‘A’ and Macrophomina phaseoli isolated from
wilted guava plants were used in the experiment. Single macroconidial
cultures were used for F. solani. Cultures of M. phaseoli were purified
by hyphal tip method. Stock cultures were kept on potato-dextrose-agar
slants at 15°C. and were subcultured once a month.

5 mm. circular discs aseptically taken from 3-days-old culture grown
on polato-dexirose-agar in Petri dishes were used for inoculating different
media. Data were taken of linear growth of the fungi on solid media at
various intervals and dry wt. of mycelium in several liquid media after
9 days of growth. The spore count of F. solani was taken with the help
of haemocytometer slides. In case of M. phaseoli prepondereance of selero-
tia was noted after 9 days of growth and recorded in the following way :
(+ -+ -+) abundant, (4+- ) moderate, (4 ) poor, and (—) nil. In each case a
replicate of three was used. For studying the effect of soil moisture on
the growth of these organisms in the laboratory, Norton’s (1953) method
was followed.

The soil-extract-medium of the followng composition was used: Agar
agar, 12.5 gms.; Glucose, 1.0 gm.; Dipotassium phosphate, 0.5 gm.; Soil
extract (Stock), 100 c.em.; and Tap water, 900 ecm. Stock solution of
soil extract was prepared by mixing 1000 gms. of garden soil with 1000 c.cm.
of tap water and then heating the same in the autoclave for 30 minutes.
A small amount of calcium carbonate was then added and the solution
filtered till the filtrate was clear.

REsvuLTs

1. Effect of Nutrients on Growth and Sporulation

(a) Different media : Data on effect of different media (solid and
liquid) on growth and reproduction of the two fungi at 25°C. are presented
in Table 1. In F. solani the best linear growth was obtained in Richard’s
synthetic agar, highest dry wt. of the mycelium in Brown’s medium, then
in Richard’s medium, and highest sporulation in ammoniwm nitrate-sucrose-
agar. In case of M. phaseoli maximum linear growth was obtained in
potato-dexirose agar, maximum dry wt. of the mycelium in ammonium
nitrate-sucrose liguid medium, and highest number of sclerotia in Czapek-
Doz medium with, 0.32%, malt extract.

(b) Effect of different concentrations and sources of carbon compounds :
Carbon content of Richard’s medium (solid and liquid) was varied from
1.09, to 7.09%, to find out optimum carbohydrate concentration for growth
and reproduction. To study the effect of different carbon sources sucrose
glucose, maltose, starch, mannitol and glycerine were used instead of
sucrose and starch in combination which constitute the sources of carbon
in Richard’s medium. Data are presented in Tables 2 and 3.
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Tablo 1. Growth and sporulation of F. solani and M. phaseoli in different -
media at 25°C. . s

Different Media

Czapek-
Ammo-

Dox
Organisms  Potato modified Soil. Peptone- Aspara- nium. Brown’s Czapek’s Ri-
PDextose with extract glucose  gin- nitrate- chard’s

0.32% glucose sucrose A

malt -
- v — 1

F. salani .

Linear growth

in 8 days

(mm.) 70 86 63 53 51 58 63 87 95

Dry wt. of -

mycelium

(mg.) 29 17 3 23 12 30 40 29 39

Sporulation

(million) 3,000 2,400 — 440 1,500 3,200 1,160 2,000 1,200

M. phaseoli

Linear growth

in 4 days

(mm.) 88 70 34 44 52 68 52 55 72

Dry. wt. of

mycelium

(mg.) 44 42 14 27 8 54 12 Sl el

Solerotia  +++ +++ A A AR LR AT SRR

Table 2. Effect of different concentration of Carbon on growth and sporula-
tion of ¥. solani and M. phaseoli in Richard’s medium at pH

6.0 and 25°C.
F. SOLANI ‘ § M. PHASEOLI
Carbon Sporulation
concentra- Linear Dry wt. (million) Linear Dry wt. Sclerotia
tions growth  of mycelium growth  of mycelium
in 3 days (mg.) in 3 days (mg.)
(mm.) (mm.)
1.0% 88 7 1.8 90 24 +
2.0% 74 16 14.5 91 42 -
3.00, ~ 93 14 16.0 85 42 25
3.59 87 26 17.3 88 53 +
4.0% 83 29 19.5 85 64 -+
4.5% 81 22 14.8 87 66 +
5.0% 76 20 14.0 100 66 e
5.5% 78 21 14.2 100 69 - ++
6.0%, 81 20 15.0 94 81 s ]
6.5%, ‘82 21 14.8 89 72 ++
7.0% 84 . 23 14.3 83 78 + 4+
N
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- Table 3. Effect of d-iﬁ"arent sources of Carbon on F. solani and M. phaseoli

in Richard’s medium at pH 6.0 at 25°C.

F. SOLANI M. PHASEOLI
Sources of ‘ Sporulation
carbon Linear Dry wt. (million) Linear Dry wt. . Sclerotia
. growth  of mycelium growth  of mycelium
in 6 days (mg.) in 6 days (mg.)
(mm.) (mm.)
Sucrose 78 28 8.8 100 69 + -+
Dextrose 86 22 10.6 100 64 4
Maltose 82 47 5.6 100 78 . o++
Starch 100 63 12.3 100 63 ++4+
Mannitol 72 30 7.9 32 12 —
Glycerine 64 38 6.8 100 20T —

From the data it would be seen that F. solani shows optimum growth
and sporulation between 39, and 49, concentrations of carbon compounds.
With, further rise at 4.5%, concentration there is reduction in growth and
sporulation, above which there is parctically no further reduction.

In case of M. phaseoli, there is progressive increase in vegetative growth
with increasing concentrations of carbon upto 69, after which there is
slight reduction in growth. Higher concentrations, 5%, and above, tend
to increase sclerotial formation.

In F. solani, best growth and sporulation was obtained with starch.
Next comes maltose in respect of growth, but sporulation was reduced.
Mannitol and glycerine, did not appear to be good sources of carbon for
growth.

(¢) Different comcentrations of mitrogen compounds : To find suitable
concentration of nitrogen compounds for growth of F. solani and M. phaseols,
nine different concentrations of nitrogen in the form of KNO; in Richard’s
medium were used. The data are recorded in Table 4.

Table 4. Effect of different concentfations of nitrogen (KNO,) of F. solani
and M. phaseoli on Richard’s medium at pH 6.0 and 26°C.

F. SOLANI M. PHASEOLI
Nitrogen -
concentration Linear growth —Dry wt. of Linear grotwh  Dry. wt. of
in 6 days mycelium _ .in 6 days mycelium
(mm.) (mg.) (mm.) (mg.)
0.25% 93 22 80 10
0.50% 81 32 65 11
0.75% 88 32 68 13
1.00% 83 31 70 12
1.25% 93 25 77 12
1.509% 87 25 83 10
1.75% 89 26 74 Rl
2.00% 85 20 64 19
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Data in Table 4 show that growth of F. solani was optimum between
0.5% and 1.0%, below or above which, there was slight reduction in growth.
In M. phaseoli, with progressive increase in nitrogen concentration, there
was practically no increase in vegetative growth until at the highest level
used (2%) the mycelial production was augmented.

II. E ﬁ"ect of Hormones of growth and Sporulation of F. solani and M. phaseoli

To find out the effect of two synthetic hormones on growth and sporula- 3
tion of F. solani and M. phaseoli indol-3-acetic acid and napthal-acetic
acid were used in three different concentrations, namely, 1 PPM, 10 PPM
and 50 PPM. One set was also kept as control. The growth, sporulation
and selerotial formation were recorded in the usual way. The observations

~are presented in Table 5.

»E

Table 5. Effect of hormones on growth and sporulation of F. solani and
M. phaseoli at 25°C.

F. SOLANI M. PHASEOLI
Hormones Sporulation .
with Linear Dry wt. (million) Linear Dry wt. Sclerotia
concentrat- growth  of mycelium growth  of mycelium
tions in 8 days (mg.) in 8 days (mg.)
(mm.) (mm.)
Indol-3-acetic \
acid : &
1 PPM = 108 36 1.2 100 102 o e
10 PPM 100 41 2.23 100 91 +44
50 PPM 68 30 —_ 100 86 + 4+
Napthal-acetic ' 3
acid )
1 PPM 100 48 1.2 100 75 +-++ 5
10 PPM 100 43 0.02 100 94 +++ s
50 PEM 70 38 0.08 100 105 +++
Control 100 33 0.25 100 78 ++ 4

Data in Table 5 show that in F. solani addition of indol-3-acetic acid
at 1 and 10 PPM vegetative growth and sporulation’ were increased, bub
at 50 PPM growth was reduded and sporulation was completely supressed.
Addition of napthal-acetic acid increased vegetabtive growth but with
increasing concentration, there was reduction in mycelium. Sporulation
was adversely affected at 10 and 50 PPM. In M. phaseoli with addition &
of Indol-3-acetic acid at 1 PPM there was reduction, bubt in all cases 4
showed better results in comparison with cheek. With Napthal-acetic
acid, there was progressive increase in vegetative growth with increasing et
concentration. Sclerotial formation was not affected in either case ab

any concentration.

IIL.  Effect of pH on growth and sporulation of F. solani and M. phaseoli

“ To find the effect of different levels of pH on growth and sporulation
of the two organisms Richard’s liquid medium, was adjusted to different
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pH by N lactic acid and N. NaOH. The organisms were inoculated and

allowed to grow for 9 days at 22°C. Data of the experiment are presented
in Table 6.

Table 6. Effect of pH on growth and sporulation of F. solani and M. phaseoli

at 22°C.
F. SOLANI ' M. PHASEOLI
Initial pH Change of
Dry wt.  Sporulation pH after Dry wt. Sclerotia Change of
of mycelium  (million) growth  of mycelium pH after
(mg.) (mg.)
2.1 — e — — = | 5
2.6 — j— - = e —
3.0 — — r == _— ——
3.5 28 97 3.9 25 -+ 4.0
4.0 22 480 4.4 83 + + 5.3
4.5 25 439 - 4.4 16 ++- 5.4
5.0 36 525 4.5 ' 24 st 5.5
5.5 42 - 3120 5.0 29 + 3+ 5.5
6.0 60. 3840 5.4 31 +++ 5.8
6.5 53 880 ° 6.3 22 +++ 6.3
7.0 30 180 6.3 20 ++ 6.4
7.5 38 105 6.3 22 ++ 6.5
8.0 24 135 6.3 20 ++ 6.5
8.6 24 105 6.5 20 ++ 6.5
9.0 24 .9 6.5 18 + - 6.6

Data in Table 6 show that both the organisms could grow over a wide
range of pH 3.5 to 9.0. Optimum pH for both F. solani and M. phaseoli
was at pH 6.0 above or below which there was reduction in growth and
gporulation. In F. solani alkaline condition appeared to be less suitable
for sporulation. In acidic range M. phaseoli tended to increase the pH
while F. solani tended to reduce it.

IV. The effect of temperature on growth and sporulation of F. solani and
M. phaseoli

To study the effect of temperature on growth and reproduction of the
two organisms the experiment was conducted in the laboratory with
Richard’s solid and liquid media at 15°~40°C. The results of the observa-
tion are recorded in Table 7.

The data of the above table show that the optimum temperature for
growth and sporulation of F. solani was 25°-30°C. and for growth of
M. phaseoli 35°C., and for sclerotial formation 25°C. F. solani appeared
to have narrower temperature range, while in M. phaseoli fair growth
and sclerotial formation was noted even at 40°C., while it was completely
inhibited in F. solani.

- N

.
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Table 7. Effect of temperature on growth and sporulation of F. solani and
M. phaseoli on Richard’s medium at pH 6.0.

F. SOLANI M. PHASEOLI
Temperature Sporulation
Linear Dry wt. (million) Linear Dry wt. Selerotia
growth  of myecelium growth  of mycelium
in 8 days (mg.) in 8 days (mg.)

(mm.) (mm.)
15°C, 18 7 — 26 23 —
20°C. 100 9 4 100 32 -
25°C. 100 13 88 100 49 ST
30°C. 100 13 93 100 72 &
35°C. 30 6 32 100 79 +
40°C. — — — 100 33 +

The thermal death points of the organisms were studied in the usual
way at different temperatures 30°, 40°, 45°, 50°, 55°, 60°, 70°, 75° 80°
and 90°C. for 5 minutes. It was observed that thermal death point of
F. solani was in the neighbourhood of 60°C. whereas in M. phaseoli it was
approximately 65°C.

V. Effect of soil-moisture of F. solani and M. phaseoli.

Study on the effect of soil moisture was carried out following Norton’s
(1933) method with both sterilized and non-sterilized soil adjusted to
different moisture level from 10%, saturation to 1009, saturation. The
tubes were kept in darkness and their linear growth was observed with
the aid of simple microscope. The data are recorded in Table 8.

" Table 8. Effect of soil moisture on linear growth of F. solani and M. phaseoli

at 25°C.

Water holding capacity of the air dry soil = 49.7%,
Moisture content of the air dry soil = 1.823%

Linear growth  Linear growth
Soil condition  Moisture of F. solani of M. phaseoli

content on 10 days on 10 days
(mm.) (mm.)

Non-sterile 1009, 12 18
809% 20 28
609 56 76
409% 46 126
R 209%, 20 64
10% 14 51
Sterile 1009% 15 15
: 809 24 28
60 50 71
40 47 153
20 42 34
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Increasing concentration of Indol-3-acetic acid upto 50 PPM the growth
was decreased and sporulation was completely suppressed in case of F. solani.
In M. phaseoli vegetative growth decreased progressively with increase
in concentration of the same hormone but sclerotial formation was not
affected. Addition of Napthalacetic acid vegetative growth of F. solani
and M. phaseoli increased with, increasing concentration but sporulation
reduced in case of F. solani only. Formation of sclerotia was not affected.
Bouillanne and Bouillanne (1951) observed in culture that F. vasinfectum
was temporarily inhibited by indol-3-acetic acid at 1 gm. concentration
and was definitely blocked by indol-propionic acid at the same concentra-
tion. Further this view was confirmed by Davis and Diamond (1953)
that Indol-3-acetic acid reduced the growth of F. solani and M. phaseoli
in culture and also suppressed the sporulation of F. solani completely.
Manil, Bonnier and Frascelle (1949) also observed that various species of
Fusarium tended to adjust the H-ion concentration of the culture medium
to the optimum for pigment formation.

The linear growth was observed to be less in sterilized soil than in
unsterilized, soil similar findings have been made by Stover (1955). Increas-
ing soil moisture to 809, to 1009, saturation or decreasing to 209/, or 109,
saturation growth of both F. solani and M. phaseoli decreased. This also

similar to the observation made by Stover (1955) in F. oxysporum f. cubense.
; aar
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