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PART - I 

Pathogenicity test of Fusarium graminearum on different 

soybean cultivars : 

Pathogenicity of ~.graminearum was tested on ten 

cultivars of soybean (Viz. Soymax, KU-254, EC-2575, PK-327, 

JS-2, EC-95287, Pusa-16, EC-55865, UPSM-19 and R-184). Methods 

of inoculation and disease assessment have been described in 

detail under Haterials and Methods and the results are given 

in Table-2 and Fig.1. Healthy and inoculated plants were 

uprooted after 10, 20 and 30 days of inoculation and 

percentage loss in dry weight of roots were determined and 

root rot index of infected roots were compute, Young plants o.c 

cv. Soymax after 10 days of inoculation with sand maize meal 

culture of ~.graminearum, showed initially wilting symptom 

( Plate3, Fig .P.}which was followed by necrosis (Plate 1, Fig. A). 

In its advance stage, infection was very much prominent in the 

root system. Extent of root damage by ~.graminearum in 

relation to healthy (control) w.as also evident in uprooted 

plants of cv. Soymax (Plat~1, Fig. B). The root rot index as 

well as percentage loss in dry weight were very low at the 

initial stage of infection but increased significantly with 

time in susceptible cultivars. 

It appears from the result given in Table-2, and 

Fig.1 that among the ten cultivars tested against 

~.graminearum, cv. Soymax was found to be highly susceptible 

while cv. UPSM-19 was resistant. Three other cultivars viz., 

JS-2, KU-254 and EC-2575 were also found to be susceptible 

(Plate-3, Fig.B and Plate-4, Fig. A & B). Maximum loss in root 

weight (12-17%) was noticed in cvs. Soymax and JS-2 within 10 

days of inoculation while only 2-3/o loss was determined in 

cvs-UPSM-19 and EC-55865 under similar condition. In other 

cases,(cvs EC-95287, Pusa-16 and PK-327) moderate loss (4-6%) 



Cultivars 

Pathogenicity test of Fusarium .•raminearum on different cultivars of soybean 

\Average dry 

l 10 days 

wt. of roots(mg) with S.E.a !%Loss in dry wt. 0 Root rot index ofc 
infected roots 

20 days 130 days I 10 20 30 10 20 30 
----------~-days days days days days days 

Healthy Infec- Healthy Infec- Heal- Inf-
_______ __j__ ___ l ted I I ted I thy I <!Cted 

135.0 112.0 315.0 186.0 460.0 190.0 17.0 40.9 58.6 1.4 2.5 3.1 
Soymax 

+ 3.1 + 2.8 + 4.2 + 2.4 + 4.9 +3.2 
JS-

2 
114.o 1oo.o 266.o 19o.o 38o.o 226.0 12.2 28.5 40.5 1.0 1.1 --z.4 

KU-254 

EC-2575 

PK-327 

EC-95287 

Pusa-16 

R-184 

EC-55865 

UPS~l-19 

+ 4.8 

144.6 

+ 3.6 

126.0 

+ 4.6 

112.0 

+ 3.2 

97.2 

+ 4.8 

102.6 

+ 3.6 

117.0 

+ 4.4 

150.0 

+ 3.8 

112.8 

+ 3.2 

+ 3.2 

128.0 

+ 2.5 

113.0 

+ 3.4 

105.0 

+ 2.6 

93.0 

+ 3.2 

98.0 

+ 4.8 

113.0 

+ 1.6 

145.0 

+ 2.4 

110.0 

+ 2.8 

+ 4.4 + 2.3 + 2.9 + 2.6 

337.0 
+ 2.4 

294.0 

+ 4.8 

260.0 

+ 2.3 

226.0 

+ 2.4 

238.0 

+ 3.6 

273.0 

+ 2.4 

350.0 

+ 5.8 

262.0 

+ 4.6 

288.0 482.0 300.0 
+ 2.6 + 3.8 + 3.6 

226.0 420.0 280.0 

+ 2.4 + 3.6 + 4.8 

221.8 "374.0 294.0 

+ 3.8 + 3.5 + 2.4 

199.2 324.0 274.0 

+ 3.6 + 4.8 + 2.4 

214.0 342.0 290.0 

+ 2.4 - 4.8 + 4.4 

246.0 390.0 340.0 

+ 1.6 + 2.4 + 2.6 

316.0 500.0 339.0 

+ 4.6 + 3.8 + 2.4 

244.0 376.0 344.0 

+ 4.2 + 3.6 + 2.4 

a ~ Average of 50 plants/ culti var 
b ~ ln relation to control 

11.4 26.4 37.7 1.0 

10.3 23.1 33.3 1.0 

6.2 14.6 21.3 1.0 

4. 3 11.8 15.9 1.0 

4.4 10.4 15.2 1.0 

3.4 9.8 12.8 1.0 

3.3 9.8 12.8 1.0 

2.4 6.2 8.5 1.0 

c ~ Root rot index(l-10°~ loss in 1.t.= 1. 11-2Yo=2, 26-5Cl%o3, 51-75°'--4, 76-lCXf>Sl 

1.5 2.2 

1.8 1.9 

1.1 1.7 

1.0 1.3 

1.0 1.2 

1.0 1.0 

1.0 1.0 

1.0 1.0 
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Plate-3 Fig.(A & B): soybean plants showing initial wilting 

symptoms after 10 days of inoculation with 

sand maize meal culture of I.graminearum (A) 

cv. Soymax ; (B) cv. JS-2. 



Plate- 3 
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Plate-4 Fig. (A & B) : Soybean plants showing initial 

wilting symptoms after 15 days of inocula

tion with sand maize meal culture of 

~.graminearum (A) cv. KU-254 ; (B) cv. 

EC-2575. 
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Plate- 4 
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in dry weight of roots was recorded in relation to control. 

The differences in dry weight loss between infected Cvs. 

Soymax, JS-2, Pusa-16 and UPSM-19 were compared after 

different periods ( 10, 20 and 30 days) of incubation. 

Differences between susceptible cultivars (Soymax and JS-2) 

and resistant cultivars (UPSM-~ and Pusa-16) in their 

percentage loss in dry weight of roots remained unchanged even 

after 30 days of incubation with regard to their inherent 

resistance to f.graminearum (Fig-2). On the basis of 

pathogenicity test of f.graminearum, on ten soybean cultivars, 

UPSM-19, EC-55865 and R-184( resistant) and Soymax, JS-2 and 

KU-254 (susceptible) were chosen for further studies. 

Following sand maize meal culture or sick pot 

inoculation method, disease incidence could be determined only 

after 10 days of inoculation. However, water culture method 

was adopted for inoculation and detection of biochemical 

changes. In this case direct response of I. graminearum could 

be detected as early as 24-48 h of inoculation of 15 day old 

soybean plants ( cv. Soymax) in relation to distilled water 

control (Plate-S, Fig. A-C). After 96 h yellowing of leaves, 

wilting of plants as well as discolouration of roots were very 

much prominent in cvs. JS-2, EC-2575 and KU-254 (Plate-6, 

Fig.A-F). 



Plate-S Fig.(A-C) : Soybean plants (Cv.Soymax) healthy 

and inoculated with f·S!aminearum by water 
culture method. (A} Healthy plants dipped 

in distilled water ; (B) 24h after inocula

tion ; (C) 48h after inoculation. 
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Plate- 5 



Plate-6 Fig. (A-F) : Soybean plants taken out after 96h 

of inoculation with F.graminearum (follow

ing water culture method). (A & D) cv.JS-2; 

(B & E) cv. EC-2575 , (C & F) cv. KU-254 , 

(D; .... F) Root portions magnified . 
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PART- II 

Cultural conditions affecting growth of f.graminearum: 

The colonies of f.graminearum were very fast growing 

on potato dextrose agar medium, reaching 9 em diam. in 4 days 
at 25ac, greyish rose to livid-red to crimson (Plate-7, Fig. A 
& B) , often becoming vinaceous with a brown tinge, aerial 

mycelium floccose, some-what lighter coloured and becoming 

brown. Sporulation often scarce, densely branched 

conidiophores occurrir1g besides solitary phial ides, phial ides 

doliiform, 10-14 x 3.5-4.5 ~m. Conidia slender falcate, 

moderately curved, with pointed and curved apical and 
pedicellate basal cells, mostly 5-6 septate and 41-60 x 

4.0-5.5 ~m (Plate-7, Fig. C-E). Chlamydospores scarce and 

often completely absent, mostly intercalary and in chains 

10-12 /urn diam. Germination of conidia on glass slides were 

observed after 20 h of incubation at 25°C (Plate-7, Fig. ). 

Effect of incubation time : 

Effect of incubation time on the mycelial growth of 

f.graminearum was studied in vitro. f.graminearum was grown in 

Richard's medium for a period upto 30 days at 30~1 ac. The 

mycelial growth of the fungus was recorded after 5,10,15,20, 

25 and 30 days. The results are embodied in Table-3 and Fig.3. 

Maximum growth of f.graminearum was observed after 15 days of 
incubation and then rate of growth declined. Mycelial growth 

increased by 49.87% from 10 to 15 days of incubation and 
decreased by 5.03% from 15 to 20 days, and 18.59% from 25 to 
30 days of incubation. 

Effect of pH : 

Initially buffer 
from 4 to 8(4.0, 4.5, 5.0, 
prepared by mixing KH

2
Po

4 

solution with pH values ranging 

5.5, 6.0, 6.5, 7.0 and 8.0) were 
and K2HP04 each at 0.03 M 



Plate-7 Fig.( A & B) Mycelial growth of f.graminearum 

on potato dextrose agar medium ; (A) front 

view and (B) reverse side of the petridish; 
(C-E) Macroconidia of f.graminearum (X 850), 
(F) germinated conidium (X 500). 
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Plate- 7 . 
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Effect of incubation period on the mycelial 

growth of I.graminearum. 

Days Average mycelial dry wt. 
(m )a 

5 210.1 + 2.6 

10 411.6 + 1.8 

15 616.2 + 1. 5 

20 585.3 + 2.4 

25 554.3 + 1.8 

30 451.2 + 2.3 

Temperature -

a - Average of 3 replicates. 

concentration. The pH of the medium was adjusted using N/10 
NaOH or N/10 HCl to obtain the corresponding range of pH 

values. Richard's medium and phosphate buffer was sterilized 
by autoclaving for 15 min. at 15 1 bs. p. s. i. pressure and 

equal part of buffer and medium were mixed before use. Each 
flask (250 ml) containing 50 ml of the medium was inoculated 
with mycelial block (4 mm diam.) of I.graminearum and 
incubated for 15 days at 30 ~ 1°C, The results are given in 
Table-4. It appears that I.graminearum grew over a range of pH 

5.5-7.0 and showed optimum growth at pH 6.5 (Fig.4). Mycelial 

growth increased upto pH 6.5 and then gradually declined. The 

percentage increase in mycelial growth of I.graminearum from 

pH 6.0 to 6.5 (optimum) was 5.71% while 46.95% reduction in 
growth was noted from pH 7.0 to 8.0. 
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Table-4 Effect of different pH on the mycelial growth 

of f.graminearum. 

pH Average mycelial dry wt.(mg)a 

4.0 355.0 + 2.2 

4.S 425.2 + 3.3 
s.o 480.4 + 2.5 

S.5 S16.6 + 1.9 
6.0 S30.0 + 2.6 

6.S S60.3 + 2.S 
7.0 S02.0 + 3.8 

8.0 266.3 + 2.9 

Incubation period - 1S days 
Temperature 30 + 1oC 

Effect of temperature : 

Like previous experiments f.graminearum was grown in 

Richard's medium and incubated for 1S days at different 

temperatures ranging from 20oc to 40°C. Results (Table-S) 

revealed that f.graminearum grew over a wide range of 
temperature, however, maximum growth was noted at 30oC and 
then there was a gradual decline. 

Table-S : Effect of different temperatures on the mycelial 

growth of f.graminearum. 

Temperature Average mycelial dry wt (mg)a 

2ooc 387.6 + 4.3 
2Soc S27.3 + 2.8 
30°C 636.8 + 4.9 
3Soc 408.5 -

+ 3.6 
40oc 141.9 + 4.5 

a - Average of 5 replicates, pH of medium 6.5, Incubation 
period 15 days. 
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PART - III 

Phytotoxic effect of metabolic byproducts in the culture 

filtrate of K.graminearum on soybean plants : 

An experiment was performed with a view to determine 

the phytotoxic effect, if any, of metabolic by-products of the 
culture filtrate of F. graminearum. The fungus was grown in 

Czapek-Dox medium for 20 days. Culture filtratffi were collected, 

centrifuged and half of it was autoclaved, while the rest was 

cold sterilized. Fifteen-day old soybean plants of two 
cultivars JS-2 and Soymax were introduced into tubes 

containing culture filtrate, sterile distilled water and 
medium. Wilting index per plant was computed after 48 h of 

incubation. Results ( Table-6) revealed that the toxic 

principle is partially theromolabile. Less than 50% mortality 

was noted (Plate-8, Fig. A & B). 

Table-6 Effect of culture filtrate of f.graminearum 

on Soybean plants. 

Treatment 

Culture filtrate 

Heat killed 
Cold sterile 

Czapek Dox medium 

Sterile distilled water 

Wilting indexa/plantb 

CV-Soymax 

1.2 

3.6 

0 

0 

cv- Js-2. 

1.8 

3.0 

0 

0 

a - Wilting index O=no wilting; 1=10% or less mortality; 

2=11-20% mortality; 3=20-50% mortality; 4=51%or more mortality 

b - 20 plants/treatment 



Plate-8 Fig.(A) Soybean plants (cv. Soymax) in sterile 

distilled water ; (B) Soybean plants (cv. 

soymax) in cell-free culture filtrate of 

f.graminearum (48h of incubation). 

) 
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The culture filtrate was dialysed against 0.08% 
NaCl, sterile distilled water and the medium for 24h at 4oc 

with atleast five changes. The reason for dialysis against the 

medium was to maintain as far as possible the same 

concentration of the ingredients present except for fungal 

metabolites. Dialysis 
might act to maintain 

against salt was done because salt 

the activity of some enzymes. The 
dialysis against sterile distilled water was performed to see 

whether the fungal metabolites effective for symptom 

expression in plants was diffusable or not. Undialysed culture 
filtrate, sterile distilled water and medium as well as three 

dialysates were used for bioassay with 15-day old soybean 

plants (Table-7). 

Table-7 : Effect of dialysed culture filtrates on 

soybean plant (cv. Soymax) 

Treatment 

Culture filtrate 

Undialysed 
Dialysed against NaCL 
Dialysed against SDW 
Dialysed against CDM 

Control 

SDW 
CDM 

Wilting indexa/plantb 

3.8 
3.2 
3.0 

2.6 

0 

0 

a Wilting index .... 0-no t 1· • - mor a ~ty, 1=10% or less mortality, 
2=11-20% mortality 3-20-50'% . 

' - o mortal~ty, 4=51%or more mortality 

CDM= Czapek Dox medium. 
b - 20 plants/treatment. SDW = Sterile distilled water 

' 



Plate-9 Fig.(A-E) Soybean plants (cv. Soymax) after 48h 

incubation in cell-free culture filtrate 

(20 days old) of ~.graminearum ; {A) Left 

to right undialysed (first & second) ; dia
lysed (third & fourth) ; (B & C) undialysed, 
(D & E) - dialysed (root portions magnified) 
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Results suggest that the toxic principle is non-dialysable 

because wilting index both in undiaslysed as well as dialysed 

culture filtrate was more or less same (Plate-9, Fig.A). Roots 

were turned brownish in colour after 48h of incubation 

(Plate-9, Fig. B-E). 

PART-IV 

Comparison of glyceollin contents of soybean cultivars after 

incubation with K.graminearum. 

It is evident from the results in part-1 that among 

the ten soybean cultivars tested against f.graminearum, 

UPSM-19, EC-55865 and R-184 were found to be resistant while 

Soymax, JS-2 and KU-254 were highly susceptible. The 

differential resistance of soybean cul ti vars in response to 

infection with f.graminearum may be attributed to differences 

in their abilities to produce glyceollin (phytoalexin) in 

response to infection. Disease resistance of several crop plants 

has been co-rrelated with the rate of production of phytoalexin 

by a number of previous research workers (Cruickshank, 1980; 

Keen, 1981; Bhattacharyya & Ward, 1986; Nemestothy and Guest, 
1990; Paxton, 1995 and Avazkhodjaev et.~., 1995). 

Since no work on glyceollin production by soybean 

plants as a result of interaction with f.graminearum has been 

reported so far, it was considered worthwhile to compare the 

glyceollin content of resistant and susceptible soybean 

cultivars. Glyceollin was extracted and separated from the 
infected roots of soybean following the scheme given below. 

Healthy roots were also used for extraction which was 

considered as control. In this case, the healthy plants grown 

in sterilized soil were uprooted, washed in sterile distilled 

water and dipped in conidial suspension of f.graminearum 
(Plate 10, Fig.A) following the "water culture" inoculation 
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Extraction and separation of glyceollin 

30g (fresh wt.) of roots 
I 

with 120 ml of 95% ethanol Extracted 
I 

Filtered 
I 

I I 
Residue re-extracted twice with equal Filtrate 

r 
Residue 

(discarded) 

volume of 80% ethanol 
I 

1 
Filtrate 

~----~------------
Filtrates combined 

Reduced in volume inla rotary evaporator at 45oc 
Concentrate extractedlwith equal volume(25 ml) of Hexane 

I 
r 

Aquous fraction 1 
Hexane fraction containing chlorophyll etc. 

I (discarded) 

Extracted thrice with equal 
vol.(30 ml) of ethylacetate 

Ethylacetate fraction 

r 
Aquous fraction 

(discarded) 
Ethlyacetate fraction 

I 
Dehydrated with sodium sulphate 

Dried i~ a rotary evaporator at 45oc 
I . 

Residue dissolved in 3 ml ethylacetate 
[i.e. lOg (fresh wt.)/ml] -

Aliquot (0.2 ml) 
I 

For petridish bioassay 

Aliquot (0.01 ml) 
I 

For TLC plate bioassay 

1 
Aliquot (0.05 ml) 

I 
TLC 
I 

Scraped off, eluted in 5 ml UV 
spectro methanol 

I 
Centrifuged 

Eluate difuted (X 2) 
I 

For UV-Spectrophotometry. 



Plate-10 Fig.(A) Soybean plants (cv. Soymax) inoculated 

with f.gramiDearum following water culture 

method. (B) Inoculated plants 96h after 

inoculation ; (C) magnified portion of 

infected roots. 
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technique as described under materials and methods. Yellowing 

of the lower leaves and browning reaction of root system was 

evident after 96 h of inoculation in susceptible soybean cv. 

Soymax (Plate 10, Fig. B & C). 

In order to detect glyceollin from infected soybean 

roots as well as to select the best solvent system(for better 

separation), initially ethyl acetate fraction of root extracts 

loaded on TLC plates were developed in four different solvent 

systems as mentioned earlier (vide Materials & Methods) and 

sprayed with p-nitroaniline. The Rf values of glyceollin 

obtained from infected soybean roots (Table-8) were compared 

Table-8 : Comparison of Rf values of authentic glyceollin 

with the glyceollin extracted from Soybean roots 

inoculated with f.graminearum 

Solvent Systems a Rf values of glyceollin 

Hexane : ethylacetate:acetic acid 
(80:20:4) 

Hexane:ethyl acetate:methanol 

(60:40:1) 

Chloroform:acetone:28% NH 3 
(65:35:1) 

Chloroform:acetone:acetic acid 

(90:10:0.5) 

A Authentic glyceollin 

A 

0.25 

0.60 

0.50 

0.48 

B Glyceollin obtained from soybean roots 

inoculated with f.graminearum. 

B 

0.23 

0.60 

0.51 

0.45 

a = Spray reagent - Diazotised p-nitroaniline. 
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after co-chromatography with authentic 

solvent system hexane 

was chosen. 

ethyl acetate 

sample. Finally, the 
methanol (60:40:1) 

Methanolic solution of glyceollin when examined in 

a UV-spectrophotometer, maximum absorption was observed at 

286 nm(Fig.5). No such absorption was noted for healthy root 

extraction. After detection of glyceollin, its antifungal 

activity was tested following TLC plate assay, radial mycelial 

growth as well as spore germination assay methods. The 

procedures have already been described. In TLC plate bioassay 

using Bipolaris carbonum as a test organism, 12 mm diam 

inhibition zone at Rf. 0.60 was observed on the chromatogram 
after 72 h of incubation at 25°C. Silica gel corresponding to 

the inhibition zone (Rf 0.60) were removed from freshly 

prepared TLC plates and eluted by methanol. Purified eluants 

obtained after re-chromatography were tested for antifungal 

activity by spore germination assay as described under 

Materials & Methods. Spore Germination off· graminearum_ was 

strongly inhibited after 24 h of incubation. The relative 

anti-fungal activity of glyceollin was compared against 

f. graminearum, f. oxysporum, f. sol ani, Dreschlera oryzae, 

Glomerella cingulata, Pestalotiopsis theae and Bipolaris 

car bonum following pet ridish bioassay method. Inhibition of 
radial growth of the fungal species are presented in Table-9. 

Thus, antifungal nature of glyceollin was confirmed. 

Accumulation of glyceollin from six different 

cultivars (UPSM-19, JS-2, Soymax, KU-254, R-184 and EC-55865) 

'7ere detected after 24, 48, 72 and 9 6 hours of inoculation 

with ~.graminearum. The results are presented in Table-10. It 

appears from the Table-10 that resistant cultivars contained 

more glyceollin than the susceptible cultivars. Approximately 
214.34% more glyceollin accumulation was detected in 
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Table-9 Inhibition of radial growth of fungi by glyceollin. 

---------------------------------------------------------~ 

Fungi 

f.graminearum 

f· oxysporum 
F.solani 

Dreschlera oryzae 

Glomerella cingulata 

Pestalotiopsis theae 

Bipolaris carbonum 

Percent inhibition of mycelial 
growth ( 25 /u g/ ml glyceollii n) 

92 

90 

84 

77 
80 

45 

64 

(Fungi were bio asayed in 2 ml of medium in petriplates (35 

mm diam.). Measurements were taken when net radial growth in 

the controls was 30+2 mm. Growth was calculated by measuring 

two diameters for each of three replicate colonies and 

substracting the diameter of the mycelial plug ( 2mm) used to 
inoculate the plates.] 

CV.UPSM-19 than the cultivar Soymax. This experiment was 

repeated twice and same trend in glyceollin accumulation was 

noticed in those six cultivars. Average glyceollin content of 
six cultivars after 48 h of inoculation with f.graminearum are 
presented in Fig.6. Highest accumulation of glyceollin at this 

period was noticed. Hence in further experiment this time 

period was considered for detection of glyceollin 
accumulation. 
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Table-10 : Comparison of glyceollin content of f.graminearum 
infected roots of resistant and susceptible soybean cultivars. 

Cultivars Glyceollin Content( ~g/g fresh 
wt. of roots 

24 h 48 h 72 h 96h 

Resistant cvs. 

UPSM-19 460.0 896.5 610.0 224.9 
+ 5.9 + 9.7 +10.3 + 6.2 

EC-55865 327.6 740.0 636.5 201.8 
+ 8.2 + 5.5 + 8.7 + 9.7 

R - 184 296.5 705.4 452.3 187.2 
+ 4.8 + 6.2 + 5.8 + 6.3 

Susceptible cvs. 

Soymax 90.8 285.2 106.3 49.9 
+ 4.6 + 4.7 + 3.9 + 3.6 

JS - 2 155.0 410.5 295.8 82.5 
+ 7.2 + 8.4 +9. 8 + 5.7 

KU - 254 236.5 652.8 376.2 111.3 
+ 5.7 + 9.7 + 8.8 + 6.4 

PART-V 

Experiments on the alteration of disease reaction by the 
application of various chemicals and their fungitoxic 

effect on f.graminearum. 

It is evident from the result presented in Part IV 
that resistant cultivars of soybean (Cvs-UPSM-19, EC-55865 & 
R-184) accumulated greater amount of glyceollin than the 
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susceptible cultivars (Cvs-Soymax, JS-2 and KU-254) in 

response to infection with ~.graminearum. The differential 

response of resistant and susceptible cultivars to 

~.graminearum clearly indicate that some host factors are 

involved in the development of disease. The involvement of 

glyceollin in the resistance of soybean plants against various 

other pathogens (fungi, bacteria, and nematode) have already 

been realized). 

A variety of chemicals of widely diverse nature have 

been identified as phytoalexin inducers (Bell, 1967, Cheema 

and Haard, 1978, Purkayastha et.al. 1983; Sinha, 1984; 

Chakraborty and Purkayastha, 1987; Rouxel et.al., 1989). 

Attempts were made to alter the disease reaction by the 

application of some chemicals capable of inducing phytoalexin 

production and to examine whether alteration of disease 

reaction in soybean plants could be correlated with enhanced 
glyceollin production, which may give some 

understanding the disease resistance mechanism. 

twelve chemicals were tested in vitro to find 

insight in 

Initially 

out their 

fungitoxic effect, if any, on ~.graminearum. For convenience 

these chemicals were screened in three separate groups e.g. 

(a) metal salts, (b) reducing agents and (c) metabolic 

inhibitors. A series of experiments were performed with nine 
different chemicals (4 from metal salts, 2 from reducing 
agents and 3 from metabolic inhibitors), to study their 

effects on disease development of susceptible soybean 
cultivar(Soymax). Seeds were treated with different chemicals 

and sown in ~.graminearum infested soil as described under 

materials and methods. Disease intensity was assessed after 

10,20 and 30 days of inoculation as described earlier. 

Effect of metal salts: 

Among the six metal salts (Barium Chloride, Cadmium 
Chloride, Cupric chloride, Ferric Chloride, Mercuric Chloride 

and Silver 11itrate) tested for their effects on spore 
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germination of f.graminearum, Mercuric chloride completely 
inhibited the germination at 10- 3-10- 5M concentrations. 

Complete inhibition of germination was also evident at 10-
3
M 

with cupric chloride and ferric chloride. Cadmium chloride and 

silver nitrate also markedly inhibited spore germination and 

germtube growth at three concentrations employed (Table-11). 

Four metal salts (cupric chloride, ferric chloride, 

mercuric chloride and silver nitrate) were tested to determine 

their effects on the disease development following 

inoculation with f.graminearum. Three concentrations (10- 3 , 

10-4 and 10- 5M) of each chemical were used. Results are 

presented in Tables 12, 13, 14 and 15 and Fig. 7-10. All four 

metal salts reduced disease considerably at 10- 3M 

concentration after 30 days of inoculation in relation to 

untreated inoculated control. However, maximum reduction in 

disease intensity was noticed in case of plants treated with 

10- 3M silver nitrate. In this case only 7.4% loss in dry 

weight was determined in treated inoculated roots, while 

untreated inoculated roots resulted 57.6% loss (after 30 days 

of inoculation) in relation to control (Fig.10). Complete 

inhibition of the spore germination of f.graminearum in vitro 

could not be correlated with in vivo experiment. Because at 
the same concentrations ( 10- 3-10-~ phytotoxic effects were 

also evident by complete inhibition of seed germination. Hence 
-6 -8 10 -10 M concentrations of this compound was tested on the 

disease development which resulted into 38.5% loss in dry 

weight of treated roots (10- 6M) in relation to control after 

30 days of inoculation with f.graminearum (Fig.9). Two other 

chemicals viz. cupric chloride and ferric chloride at higher 

concentration (10- 3M) reduced the disease to some extent. Same 

root rot index (1.8) was evident in both the cases (Table 12 & 
13) . 



Table-11 

Chemical 

Water 
control 

Barium 

chloride 

Cadmium 

chloride 

Cupric 
chloride 

Ferric 

chloride 

Mercuric 
chloride 

Silver 

nitrate 
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Effect of metal salts on spore germination 
and germtube growth of f.graminearum. 

Cone. 
( M) !

!Germination percen
tageb 

100 

59.25(-40.75)d 

68.95(-31.05) 
71.75(-28.25) 

0.92(-99.08) 

1.73(-98.27) 

2.08(-97.20) 

0 

2.90(-97.1) 

30.17(-69.83) 

0 

2.41(-97.59) 

65.99(-34.01) 

0 

0 

0 

0.81(-99.19) 
1.39(-98.61) 

7.65(-92.35) 

c Mean germtube 
length (ju) 

100 

32.20(-67.80) 

40.25(-59.75) 

44.27(-55.73) 

12.05(-87.95) 

16.00(-84.00) 

24.15(-75.85) 

0 

12.07(-87.93) 

20.12(-79.88) 

0 

8.05(-91.95) 
18.51(-81.49) 

0 

0 

0 

8.05(-91.95) 

12.00(-88.00) 

20.12(-79.88) 

a - Results have been expressed as percentage in terms of 
control. 

b -Average of 500 spores, c - Average of 50 germlings. 
d - Values iHn parentheses indicate percentage reduction or 

increasejterms of control. 
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Table 12 . Effect of Cupric Chloride on the development of root rot of soybean (CV. Soymax) 

a Average dry wt. of roots(mg) with S.E. 0 b lo loss in dry wt. u Root rot index of infected c 

Concentration roots. 
( ~1) 10 days I 20 days I 30 days 10 20 30 10 days 20 days 30 days 

Heal- Infec- Heal- Infec- Heal- Infec-
days days days 

thy ted I thy ted !thy ted 

Treated 
10-3 102.5 96.1 179.2 144. 256.8 176.0 

6.2 19.6 31.46 1.0 1.5 1.8 

+ 4.2 + 3.8 + 4.9 + 3.6 + 5.6 + 4.8 - - -

10-4 148.0 134.4 259.2 188.0 371.2 213.6 
9.1 27.4 42.4 1.0 1.6 2.5 

+ 5.8 + 3.6 + 4.2 + 3.4 + 5.2 + 4.6 

10-5 124.8 100.0 218.4 131.2 312.0 164.0 
19.8 39.9 47.4 1.5 2.3 2.8 

+ 5.4 + 4.6 + 5.6 + 3.2 + 4.4 + 3.8 -

Untreated 135.0 112.0 315.0 186.0 450.0 190.5 
control 20.0 38.5 57.6 1.6 2.3 3.0 

+ 4.8 + 4.4 + 5.8 + 4.2 + 5.6 + 4.6 

-

a = Average of 30 plants/treatment 

b = In relation to control 

c =Root rot index. [ 1-10% loss in weight = 1, 11-25% = 2, 26-50% = 3, 
51-75% = 4, 76-100% = 5 ] 
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Table 13 . Effect of Ferric Chloride on the development of root rot of soybean (CV.Soymax) 

Concentration I Average dry wt. of roots(mg) with S.E.a I % loss in dry wt.b I Root rot index of infec-c 
(M) ted roots ___________ 

10 days I 20 days I 30 days I 10 20 30 10 20 30 
days days days days days days 

Heal- Infec- Heal- Infec- Heal- Infec-~ 
thy ted I thy ted I thy ted 

Treated 
10-3 142.1 135.1 249.0 219.0 357.0 274.0 

4.9 12.0 23.2 1.0 1.0 1.8 
2: 3.2 2: 2.6 2: 4.4 2: 3.6 2:. 4.8 2:. 4.4 

104 146.0 128.0 255.0 210.0 365.0 255.0 12.3 17.6 30.1 1.0 1.4 1.8 

+ 4.6 + 3.8 + 2.2 + 4.9 + 3.6 + 4.8 - - - - -

10-5 168.0 144.0 311.2 180.0 445.7 200.1 
18.1 42.1 55.1 1.4 2.5 2.9 

+ 4.4 + 3.6 + 4.2 + 3.8 + 5.2 + 4.8 - - -

Untreated 135.0 112.0 315.0 186.0 450.0 190.5 
control 20.0 38.5 57.6 1.6 2.3 3.0 

+ 4.8 + 4.4 + 4.6 + 3.2 + 5.0 + 4.6 

a = Average of 30 plants/treatment 
b = In Relation to Control 
c = Root rot index. [1-10% loss in weight = 1, 11-25% =2, 

26-50% = 3, 51-75% = 4, 76-100% = 5] 
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Table 14 . Effect of Mercuric Chloride on the development of root rot of soybean(CV. Soymax) 

Con ~entration Average dry wt. of roots (mg) with S.E. a % loss in dry wt. b Root rot index of c 
(M) infected roots. 

10 days 20 days 30 days 10 20 30 10 20 30 
I days days days I . .9-?YS days days I 

-- - ---- ·- ·- -·- ·- ------------ ·-- ·- ---- -

I 
Infec-~ Heal- Infec-, Heal- Infec-

y ted thv ted ted thy 

Treated ·-6 173.0 165.0 325.0 245.0 433.0 266.0 
10 4.6 24.6 38.5 1.0 1.9 2.3 

+ 4.4 + 3.8 + 5.2 + 4.6 + 5.8 + 4.2 - - - - -

10-7 170.0 152.0 320.0 215.0 425.0 216.5 
10.5 32.8 49.0 1.0 1.9 2.9 

+ 5.8 + 4.2 + 4.6 + 3.8 + 4.4 + 4.2 - - - -

10-8 185.6 162.0 337.0 215.1 438.0 188.0 
12.7 36.0 57.0 1.0 2.1 3.0 

+ 3.6 + 4.2 + 4.9 + 3.2 + 4.2 + 3.8 -

Untreated 135.0 112.0 315.0 186.0 450.0 190.5 
control 20.0 38.5 57.6 1.6 2.3 3.0 

+ 4.9 + 3.4 + 4.6 + 4.2 + 5.6 + 3.6 - - - -

a = Average of 30 plants/treatment 

b = In relation to control 
c =Root rot index. [1-10% loss in weight =1, 11-25% = 2, 

26-50% =3, 51-75%=4, 76-100% = 5 ] 
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Table 15. Effect of Silver Nitrate on the development of root rot of soybean (CV. Soymax) 

Concentration Average 
(M) 

dry wt. of roots (mg) with S.E. a lo loss in dry wt. b Root rot index of c infe c-
ted roots 

10 days 20 days 30 days I 10 20 30 I 10 20 30 
days days days days days days 

Heal- Infec- Heal- Infec- Heal- Infec-~ 
thy ted thy ted thy ted 

Treated 
10-4 140.0 137.1 270.0 255.0 351.0 325.0 

2.0 5.5 7.4 1.0 1.0 1.0 
+ 3.4 + 2.6 + 4.4 + 3.6 + 3.2 + 2.4 - - - -

10-5 144.0 138.0 265.0 240.0 360.0 280.0 
4.1 9.4 22.2 1.0 1.0 1.7 

+ 4.2 + 3.6 + 5.2 + 4.8 + 3.8 + 2.6 -

10-6 150.0 126.0 271.0 177.1 352.0 182.0 
16.0 34.6 48.2 1.2 2.0 2.8 

+ 5.2 + 4.2 + 3.8 + 4.2 + 5.6 + 4.2 - - -

135.0 112.0 315.0 186.0 450.0 190.5 
Untreated control 20.0 38.5 57.6 1.6 2.3 3.0 

+ 4.9 + 4.4 + 5.6 + 4.2 + 3.6 + 4.6 - - -

a = Average of 30 plants/treatment 
b = In relation to control 
c =Root rot index. [ 1-10% loss in weight =1, 11-25%=2, 26-50%=3, 

51-75% =4, 76-100% =5] 



1-
0 
0 
tr 
LL 
0 

t-
:z: 
(.!) 

w 
3 
>-a: 
0 

z 

IJ) 
({) 

0 
.......J 

105 

EFFECT OF SILVER NITRATE ON DISEASE 
DEVELOPMENT IN SOYBEAN ( CV- SOYMA~) 
AFTER INOCULATION WITH F. graroinearum . 

60 

50 

40 

30 

20 

~ 10 

0 
10 20 JO 

DAYS AFTER INOCULATION 

Fig. 10. 



-106-

Effect of reducing agents : 

Two reducing agents (Sodium selenite and sodium 

sulphite) were tested both in vitro for spore germination 

assay and in vivo for their effects on the disease 

development. Sodium selenite completely inhibited the spore 

germination at 10- 3 and 10-4M concentrations (Table 16). 

However~ sodium sulphite also markedly inhibited spore 

germination and germ-tube growth at all three concentrations 

(10- 3-10-SM) tested. When these two chemicals were tested on 

cv-Soymax to determine their effects on the disease 

development following inoculation with f.graminearum~ both the 

chemicals reduced the disease at 10- 3M concentration (Table 17 

& 18). However~ reduction in disease development as reflected 

in percentage loss in dry weight of roots was more in case of 

sodium sulphite treated roots(9.5%) than the sodium selenite 

treated roots(18.9%) after 30 days of inoculation in relation 

to control (Fig. 11). 

Effect of metabolic inhibitors : 

When the four metabolic inhibitors viz. sodium 

azide~ sodium malonate, sodium fluoride and sodium molybdate 

were tested to determine their effects on spore germination, 

none of these chemicals could completely inhibit the spore 

germination of f.graminearum at 10- 3-10-SM concentrations. 

However~ all three concentrations of four chemicals tested 

markedly reduced germination percentage (Table 19). Three 

chemicals viz. sodium azide, sodium malonate and sodium 

molybdate were selected for in vivo assay. Alteration of 

disease reaction in susceptible soybean plants(cv. Soymax) by 

the treatment of above chemicals were noticed (Tables 20,21 & 
22). Considerable reduction in disease index was evident at 

all intervals in treated plants in relation to control (Fig. 

12, 13 & 14) . Among the three metabolic inhibitors tested, 
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Table 16 : Effect of reducing agents on spore germination 
and germtube growth of r.graminearum. 

Chemical 

Water control 

Sodium selenite 

Sodium sulphite 

Cone. ( M) Germination Mean germtube 
percentage length ( /u ) 

100 100 

10- 3 0 0 
10-4 0 0 
10-s 16.58(-83.42) 12.07(-87.93) 

10- 3 3.24(-96.76) 8.00(-92.00) 
10-4 4.05(-95.95) 9.60(-90.40) 
10-s 4.86(-95.14) 9.65(-90.35) 

a - Results have been expressed as percentage 
in relation to control. 

b - Average of 500 spores. 

c - Average of 50 germlings. 

d - Values in parentheses indicate percentage 

reduction in relation to control. 

pronounced protective effect was recorded with sodium azide 

treatment (Fig .12). Moderate effect of sodium molybdate on 
disease development was also noticed(Fig.14). 

In the final experiment of the series, 7 among the 
more effective compounds, representing 3 from metal salts 

(cupric chloride, silver nitrate and cadmium chloride), 2 each 

from reducing agents (sodium sulphite and sodium selenite) and 
metabolic inhibitor(sodium molybdate, sodium azide) were 

further tested. Cold stock solution of the said seven 
compounds were prepared and appropriate volume was separately 
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Table 17. Effect of Sodium Selenite on the development of root rot of soybean (CV. Soymax) 

Concentration 
I 

Average dry wt. of roots(mg) with S.E. 
a_ I % loss in dry wt. b Root rot index of c 

(t'l) - infected roots 
---------

10 days 20 days 30 days I 10 20 30 I 10 20 30 l I days days ___ n days days __ days days 
Healthy Infected Healthy Infec- Heal- Infec-.... ' ........... ( ted thy ted I ............................................. I 

Treated 
10-3 225.0 218.7 525.0 470.0 750.0 608.0 

2.8 10.5 18.9 1.0 1.0 1.5 
+ 3.8 + 2.2 + 4.8 + 4.6 + 5.2 + 4.4 - - - -

10-4 187. 5 169.9 437.5 321.3 625.0 403.8 
9.4 26.6 35.7 1.0 1.5 2.1 

+ 5.4 + 4.8 + 4.6 + 4.2 + 3.4 + 4.8 -

10-5 157.7 136.0 367.5 255.0 525.1 320.4 
13.8 30.6 39.0 1.1 1.8 2.3 

+ 4.2 + 3.8 + 4.2 + 3.6 + 4.9 + 4.4 -

Untreated 135.0 114.7 309.0 196.0 551.0 212.4 
control 15.0 36.5 61.5 1.2 2.1 3.2 

+ 4.4 + 4.2 + 5.0 + 4.2 + 3.8 + 4.6 -

a Average of 30 plants/treatment 
b In relation to control 
c Root rot index. [ 1-10% loss in weight =1, 11-25%=2, 

26-50%=3, 51-75%=4, 76-100% =5] 
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Table 18. Effect of Sodium Sulphite on the development of root rot of soybean(CV. Soymax) 

Concentration 

l Average dry wt. of roots(mg) with S.E. a % loss in dry wt. b l Root rot index of c 
(!-;!) infected roots. 

10 days 20 days 30 days 10 20 30 10 20 30 
days days days I days days days 

Heal- Infec- Heal- Infec- Heal- Infec-
thy ted thy ted thy ted 

Treated 
10-3 104.3 101.3 165.0 154.0 214.5 194.1 

2.8 6.6 9.5 1.0 1.0 1.0 
+ 5.2 + 3.8 + 4.6 + 4.4 + 6.2 + 4.2 -

10-4 90.7 83.2 179.8 132.0 233.6 158.2 
8.2 26.5 32.2 1.0 1.5 1.9 

+ 4.4 + 4.5 + 5.8 + 4.2 + 5.6 + 4.6 - - -

10-5 106.0 97.7 170.0 120.6 221.0 138.2 
15.4 29.0 37.4 1.2 1.7 2.2 

+ 4.8 + 4.4 + 3.8 + 4.2 + 4.2 + 3.6 - - - - -

115.0 97.7 159.0 100.8 265.0 102.0 
Untreated control 15.0 36.5 61.5 1.2 2.1 3.2 

+ 4.6 + 4.2 + 2.8 + 3.2 + 4.4 + 3.8 - - - -
-

a = Average of 30 plants/treatment 
b = In relation to control 
c =Root rot index.[ 1-10% loss in weight =1, 11-25%=2, 

26-50% =3, 51-75% =4, 76-100%=5 ] 
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Table 19: Effect of metabolic inhibitors on spore germina

tion and germtube growth of f.graminearum . 

Chemicals 

Water control 

Sodium azide 

Sodium malonate 

Sodium fluoride 

Sodium molybdate 

Cone. (M) Germination Mean germtubel 
percentage length ( /u) l 
100 100 

10- 3 3.68 (-96.32) 12.07(-87.93) 
10-4 4.24 (-95.76) 16.10(-83.90) 
10-s 8.58 (-91.42) 36.22(-63.78) 

10- 3 2.25 (-97.75) 16.22(-83.78) 
10-4 3.47 (-96.53) 24.15(-75.85) 
10-s 4.05 (-95.95) 32.20(-67.80) 

10- 3 0.92 (-99.08) 12.10(-87.90) 
10-4 2.08 (-97.92) 20.12(-79.88) 
10-s 3.47 (-96.53) 28.17(-71.83) 

10- 3 1.73 ( -9 8. 2 7) 15.00(-85.00) 
10-4 2.31 (-97.69) 21.75(-78.25) 
10-s 2.78 (-97.22) 40.55(-59.45) 

a - Results have been expressed as percentage 
in relation to control 

b - Average of 500 spores. 

c - Average of 50 germlings 

d - Values in parentheses indicate percentage 

reduction in relation to control. 
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Table 20. Effect of Sodium azide on the development of root rot of soybean(CV. Soymax) 

Concentration Average dry wt. of roots(mg) with S.E. a "lo loss in dry wt. ~-R~ot rot index of c 
(M) l I infected roots 

10 days 20 days 30 days 10 20 30 10 20 30 
Heal- Infec- Heal- Infec. Heal Infec-~ days days days days days days 
thy ted I thy ted 1 thy ted I 

Treated 
10- 3 141.6 137.4 330.5 307.9 472.2 468.6 2.9 6'8 7.6 1.0 1.0 1.0 

+ 4.8 + 3.8 + 4.2 + 2.6 + 5.6 + 4.5 - - -

10-4 155.0 146.8 350.0 320.0 500.0 440.0 
5.2 8.6 12.0 1.0 1.0 1.0 

+ 3.2 + 4.6 + 5.8 + 4.6 + 4.8 + 3.4 - - - - -

10-5 118.3 107.0 276.2 240.8 394.6 320.0 
9.6 12.8 18.9 1.0 1.0 1.5 

+ 4.4 + 3.9 + 5.2 + 4.4 + 6.8 + 4.2 - - - -

Untreated 135.0 110.9 315.5 202.2 473.4 222.2 
control 17.8 35.9 53.1 1.4 2.1 3.1 

+ 4.6 + 4.2 + 4.8 + 4.6 + 3.2 + 4.6 

a Average of 30 plants/treatment 

b In relation to control 
c Root rot index. [ 1-10% loss in weight =1, 11-25% =2, 

26-50%=3, 51-75% = 4, 76-100% =5] 
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Table 21. Effect of Sodium m,alonate on the development of root rot of soybean(CV. Soymax) 

Average dry wt. of roots(mg) with S.E. a 1 % loss in dry wt. b Root rot index of c 
infected roots 

10 days 20 days 30 days I 
Heal- Infec- Heal- Infec- Heal- Infec- I 10 20 u30 10 20 30 

1 thy ted 1 thy ted 1 thy ted days days days I days days days 

122.4 

+ 5.2 

125.7 

+ 4.8 

136.3 

+ 3.8 

135.0 

+ 4.6 

116.4 300.8 252.8 397.4 324.9 

+ 4.4 + 6.6 + 5.2 + 4.8 + 3.6 

115.0 312.0 256.0 405.6 310.1 

+ 4.6 + 3.8 + 4.6 + 4.2 + 2.8 

113.1 350.4 272.0 455.5 310.4 

+ 2.2 + 4.4 + 4.1 + 4.6 + 3.8 

110.9 315.1 198.0 438.0 203.3 

+ 4.2 + 4.8 + 4.2 + 5.1 + 4.2 

a Average of 30 plants/treatment 

b In relation to control 

4.9 16.0 18.2 1.0 

8.4 17.9 23.5 1.0 

17.0 22.4 31.8 1.3 

17.8 37.2 53.5 1.4 

c Root rot index. [ 1-10% loss in weight =1, 11-25% =2, 

26-50% = 3, 51-75% =4, 76-100% =5 ] 

1.2 1.4 

1.4 1.8 

1.7 1.9 

2.2 2.9 
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EFFECT OF SODIUM MALONATE ON DISEASE 
DEVELOPMENT OF SOYBEAN ( CV- SOVMAX) AFTER 
INCULATION WITH F. gram.inerum . 

60 

50 . .. . . 
. . . . 

40 
. . . . .. 
.. . 

30 
. . . 

20 

10 

10 

DAYS AFTER INOCULAT\ON 

Fig . 13 



~-

Concentration 

Treated 
10-3M 

10-4-rvJ 

10-SM 

Untreated 
control 

I 

-116-
Table 22 . Effect of Sodium molybdate on the development of root rot of soybean (CV.Soymax) 

Average dry wt. of roots(mg) with S.E.a % loss in dry wt. b Root rot index of infected root 

10 days I 20 days I 30 days 10 zo 30 10 

Heal-
1 thy 

115.7 

+ 4.6 

133.0 
+ 4.8 

135.5 
+ 3.8 

115.0 

+ 4.6 

infec- Heal- Infe- Heal- Infec- L 
ted J thy ted' thy ted I 

112.5 161.0 152.5 209.3 188.5 

+ 3.2 + 5.1 + 4.2 + 3.9 + 2.6 - -

125.6 190.0 162.5 247.0 205.4 
+ 4.4 + 3.8 + 4.2 + 3.2 + 2.6 - - - -

120.5 195.1 150.0 253.5 180.0 
+ 4.6 + 4.2 + 5.6 + 3.9 + 3.4 - -

94.5 159.0 99.9 225.0 105.0 

+ 2.4 + 4.8 + 4.2 + 4.8 + 4.1 - - -

a = Average of 30 plants/treatment 

b = In relation to control 

days days days days 

2.7 5.2 9.9 1.0 

5.5 14.5 16.8 1.0 

11.0 25.1 28.9 1.0 

17.8 37.2 53.3 1.4 

c =Root rot index. [1-10% loss in weight = 1, 11-25% = 2, 26-50%=3, 

51-75% = 4, 76-100%= = 5 ] 

20 30 
days days 

1.0 1.0 

1.1 1.3 

1.5 1.7 

2.2 3.1 

c 
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EFFECT OF SODIUM MOLYBDATE ON DISEASE 
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Table 23 

Chemicals 

Metal salts . . 
Cupric chloride 

Silver nitrate 

Cadmium chloride 

Reducing agents 

Sodium sulphite 
Sodium selenite 

-118-

Effect of some chemicals on mycelial 
growth of F.graminearum. 

% inhibition of mycelial growth 

I 10- 3M 10-4M 10-5M 

45.00 37.50 24.02 

89.50 51.06 42.50 

9 5. 00 90.05 82.00 

25.68 7.70 4.40 
94.03 54.12 38.89 

Metabolic inhibitors: 

Sodium molybdate 98.16 44.95 12.47 
Sodium azide 95.35 91.08 80.73 

a = In relation to control 

a 

added to the autoclaved basal medium (Richard's medium) after 
cooling to get the desired concentrations ( 10- 3 , 10-4 and 

10-
5

M) of the compound in the medium. Effect of these 

compounds on mycelial growth of f.graminearum was determined. 

Results are presented in Table-23. At higher concentration 
(10-

3
M,) cadmium chloride, sodium selenite, sodium molybdate 

and sodium azide inhibited mycelial growth ranging from 
94-98%, whereas at this concentration sodium sulphite and 

cupric chloride caused 25 & 45% inhibition respectively. 

Sodium azide and cadmium chloride at all concentrations 

markedly inhibited mycelial growth of f.graminearum (Fig 15 & 
16) . 
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EFFECT OF SOME SELECTED CHEMICALS ON 
MYCELIAL GROWTH OF _E. graminearum . 
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Three different concentrations of 5 selected 

compounds, 3 from metabolic inhibitors (sodium molybdate, 

sodium azide and sodium malonate), 2 from reducing agents 

(sodium selenite and sodium sulphite) and 2 from metal salts 

(cupric chloride and ferric chloride) were again tested under 

identical conditions to find out their effects on the 

development of 

Untreated and 

root rot disease of soybean(cv-Soymax). 

treated plants grown in sick pot infested with 

f.graminearum were uprooted after 30 days of inoculation and 

percentage loss in dry weight in relation to control was 

computed. results 

sodium sulphite 

markedly. 

PART-VI 

have been depicted in Fig.17. Sodium azide, 

and sodium selenite reduced the disease 

Comparison of glyceollin contents of soybean roots before 

and after alteration of disease reaction by chemical 

treatment. 

In order to alter disease reactions in susceptible 

soybean cultivar -

experiments were 
presented in Part 

Soymax by some selected chemicals, several 
carried out (vide part V). The results 

IV clearly indicate that resistant cultivars 

contained significantly more glyceollin than the susceptible 

cultivars when inoculated with f.graminearum. In view of this 

it was decided to investigate whether chemically induced 

resistance in Cv-Soymax was related to higher production of 

glyceollin. Since sodium azide and sodium selenite markedly 

reduced disease in susceptible soymax cultivar, it was decided 

to estimate glyceollin content of the same before and after 

treatment with the said two compounds. 
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To study the effect of sodium azide and sodium 

selenite on the production of glyceollin, seeds of Cv.Soymax 

were treated with either sodium azide (10- 4M) or sodium 

selenite(10-4M) as described under Materials and Methods, sown 

in the earthen pots and subsequently the plants were uprooted 
and inoculated with f_.graminearum as - di-scussed in Part-III 
and presented in Plate 10, Fig. A-C. Both the chemicals at 

10-4M concentration were equally effective in reducing 

diseases in Cv.soymax, hance this concentration was chosen for 

treatment. Glyceollin was extracted from the treated and 

untreated inoculated roots as described (vide Scheme in Part 

IV). Results are given in Table-24. 

Table-24 : Effect of sodium selenite and sodium azide 

on the production of glyceollin in soybean 

roots (Cv.Soymax). 

Treatment Glyceollin contenta( hg/g fresh 
wt. of roots) 

Non-inoculated Inoculated witr 

----------------------------~--------------------~F. graminearum 

Untreated 0 

Treated 

Sodium azide(10- 4M) 187.8 + 5.2 

Sodium selenite(10-4M) 98.0 + 4.1 

a - Average of three experiment 

256 + 6.9 

545 + 9.8 

392 + 5.5 

b - Roots collected after 48 h of inoculation. 

It is interesting to note that sodium azide(10- 4M) 

induced glyceollin synthesis in uninoculated soybean plants. 
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Similarly, sodium selenite ( 10 - 4M) also induced glyceollin 

synthesis in uninoculated plants but in this case glyceollin 

production was comparatively less. The production of 

glyceollin was maximum in sodium azide treated plants 

inoculated with f.graminearum than sodium selenite treated and 

inoculated (with f.graminearum) plants. The results clearly 

indicate that glyceollin accumulation increases in soybean 

plants (Cv.Soymax) after induction of resistance to 

f.graminearum by sodium azide or sodium selenite treatment. 

PART-VII 

Studies on host-parasite protein : 

The immunity of plant towards pathogen may also 

depend on the speed and extent' of protein synthesis induced in 

the host by the pathogen (Uritani, 1976). This type of defence 

seems to be related to that afforded by phytoalexins. 

Additional proteins or enzymes may be required for the 

synthesis of phytoalexins although the mechanism involved in 

phytoalexin and protein synthesis operates separately. In case 

of compatible combination, however, changes in protein 

configuration in the hosts may induce host accessibility to 

the pathogen, which is related to the 

(Joosten & Dewit, 1988). There is 

alteration in the protein synthesis in 

induced susceptibility 

also evidence that 

the plants can lead to 
the development of local resistance for immune layer around 

infection sites. In several plants it has been demonstrated 

that upon infection with fungi, bacteria or viruses, 

development of symptoms is accompanied by the appearance of 

one or more 1 new proteins designated as pathogenesis related 
proteins. 

In view of these findings it seems important to 
consider whether or not new types of pathogen induced proteins 
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are synthesized in soybean roots inoculated with f.graminearum 

In this investigation, however, host-parasite proteins have 

been studied for three reasons -

a) to ascertain whether 

glyceollin after treatment 

disease resistance ; 

protein level also change like 

with selected chemicals inducing 

b) to determine whether soybean root proteins changes in 

resistant and susceptible cultivars after infection ; and 

c) to evaluate protein patterns of healthy and I.graminearum 

infected resistant and susceptible soybean cultivars. 

(a) Comparison of protein contents of roots of soybean before 
and after treatment with chemicals inducing disease 

resistance 

Among the nine different chemicals tested, sodium 

azide and sodium selenite reduced disease symptoms as well as 

induced glyceollin production in both inoculated and 

non-inoculated roots. In this experiment, total soluble 

protein content of untreated and treated (with sodium azide 

and sodium selenite) 

were estimated as 

revealed that after 

soybean roots of Cvs. Soymax and JS-2 

described earlier . .Results (Table-25) 

7 days of treatment either with 10-4M 

sodium azide or sodium selenite, root proteins decreased 

slightly in both the cultivars. 

(b) Comparison of protein contents of healthy and 

!: . graminearum inoculated soybean roots of resistant and 
susceptible cultivars : 

Total soluble proteins were extracted from healthy 

and I·graminearum inoculated roots of five soybean cultivars 
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Table-25 : Estimation of total soluble protein content 
of healthy and treated roots of soybean cultivars. 

Treatment 
Protein content(mg/g fresh wt. of 

(root) 
cv. Soymax cv. JS-2 

Untreated(healthy) 82.9 80.2 

Treated 
-4 

Sodium azide(10 · M) 78.3 
Sodium selenite(10-4M) 80.0 

75.6 

72.4 

(Soymax, JS-2, PK-327, Pusa-16 and UPSM-19) and estimated. 
Experimental procedure has been described in detail under 
materials and methods and results are given in Table-26 and 

Table-26: Estimation of total soluble protein content 

of healthy and f.graminearum infected roots of 
soybean cultivars. 

Cultivars 

Susceptible 
Soymax 
JS-2 

Resistant 

UPSM-19 

PK-327 
PUSA-16 

Protein content ( mg·f g fresh wt. of root) 

Healthy 

86.2 
78.5 

85.0 

82.0 

75.0 

Infected 

98.5 
88.7 

89.5 

93.4 

80.6 
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Fig-18. Protein contents inc rea sed (about 13-14/o) in the 

infected roots of cvs. JS-2, PK-327 and Soymax (susceptible 

cultivars) while only 5.3/o and 7.5% increase in protein 

content were evident in infected roots of cvs. UPSM-19 and 

PUSA-16 respectively after 48h of inoculation with 

E:_.graminearum. 

(c) Protein content of ~.graminearum : 

Since protein content increased in inoculated 

roots irrespective of resistant and susceptible cultivars, 

it was considered worthwhile to estimate the protein content 

of pathogen because protein preparations from infected roots 

might also contain proteins of parasite. Soluble mycelial 

protein of E:_.graminearum was extracted from 15-day old 

mycelia and estimated following the method described 

earlier. Results revealed that f_.graminearum contains 

1.860 mg/g fresh weight protein. 

(d) Analysis of protein pattern of healthy and infected 

roots of Soybean 

It appears from the above results that protein 

content changes in resistant and susceptible soybean 

cultivars after inoculation with .£:_. graminearum. Sometimes 

total protein content of host plant remains the same after 
infection, but isozyme patterns may change in response to 

infection. In such cases, where changes in total activities 

of a particular enzyme could not be detected, changes in the 

isozyme pattern in the diseased tissue have been detected 

following polyacrylamide gel electrophoresis (PAGE). In the 

present study, protein patterns of healthy and infected(48h 

after inoculation with f_.graminearum) soybean roots of cvs. 

Soymax, JS-2, PK-327 and UPSM-19 as well as the mycelia of 

two isolates of E:_.graminearum have been evaluated by 
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polyacrylamide gel electrophoretic technique as stated 
earlier. The RF values of protein bands have been shown in 
Tables 27-29. It is interesting to note that in cvs. Soymax 

Table-27: RF values of protein bands of healthy and 
I·graminearum infected roots of susceptible cultivars 

soybean evaluated by polyacrylamide gel electrophoresis. 

Soybean Cultivars 

Soymax JS - 2 

Healthy Infected Healthy Infected 

Band 
No. 

RF 
Value 

Band 
No. 

RF Band RF Band 
Value No. Value No. 

RF 
Value 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

0.05 

0.07 

0.10 

0.15 

0.31 

0.38 

0.49 

0.51 

0.64 

0.73 

0.75 

0.77 

0.86 

0.93 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

0.07 1 0.07 1 

0.08 2 0.12 2 

0.11 3 0.21 3 

0.15 4 0.23 4 

0.21 5 0.29 5 

0.32 6 0.37 6 

0 . 4 0 7 0 . 3'9 7 

0.52 8 0.47 8 

0.54 9 0.50 9 

0.59 10 0.57 10 

0.65 11 0.60 11 

0.74 12 0.65 12 

0.77 13 0.76 13 

0.78 14 0.88 14 

0.88 

0.95 

15 0.91 15 

16 

17 

0.09 

0.12 

0.14 

0.22 

0.25 

0. 29 

0.37 

0.40 

0.45 

0.49 

0.52 

0.62 

0.66 

0.68 

0.78 

0.81 

0.87 
18 0.89 
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Table-28: RF values of protein bands of healthy and 

I.graminearum infected roots of moderately resistant 

cultivars of soybean evaluated by polyacrylamide gel 

electrophoresis. 

Soybean Cultivars 

PK - 327 UPSM - 19 

Healthy Infected Healthy Infected 

Band RF Band RF J Band RF Band RF 
No. Value No. Value-

1 
No. Value! No. Value 

1 0.09 1 0.10 1 0.13 1 0.14 

2 0.12 2 0.12 2 0.21 2 0.21 

3 0.18 3 0.18 3 0.26 3 0.26 

4 0.21 4 0.20 4 0.31 4 0.31 

5 0.29 5 0.29 5 0.39 5 0.40 

6 0.32 6 0.32 6 0.42 6 0.43 

7 0.40 7 0.40 7 0.46 7 0.47 

8 0.43 8 0.43 8 0.51 8 0.53 

9 0.47 9 0.46 9 0.56 9 0.57 

10 0.52 10 0.51 10 0.60 10 0.60 

11 0.56 11 0.56 11 0.69 11 0.70 

12 0.60 12 0.60 12 0.75 12 0. 7 5 

13 0.67 13 0.67 13 0.81 13 0.81 

14 0.70 14 0.69 14 0.89 14 0.88 

15 0.72 15 0.72 15 0.93 15 0.90 

16 0.76 16 0.76 

17 0.88 17 0.87 
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Table-29 : RF values of mycelial protein of ~.graminearum 

evaluated by polyacrylamide gel electrophoresis. 

Mycelial protein of ~.graminearum 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Band 
No. 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

Isolate Fg 1 

Rf 
Value 

0.14 

0.16 

0.20 

0.22 

0.26 

0.31 

0.34 

0.36 

0.38 

0.41 

0.44 

0.50 

0.53 

0.57 

0.63 

0.70 

0.74 

0.84 

0.90 

Isolate Fg 2 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Band 
No. 

10 

11 

12 

13 

14 

15 

Rf 
Value 

0.12 

0.17 

0.20 

0.27 

0.34 

0.36 

0.38 

0.43 

0.52 

0.57 

0.64 

0.70 

0.73 

0.82 

0.89 
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and JS-2, 16 and 18 bands were detected in infected roots 

while 14 and 15 protein bands could be detected in healthy 

roots respectively. On the other hand, both healthy and 

infected roots of cvs. PK-327 and UPSM-19 exhibited 17 and 15 

protein bands. The mycelial protein prepared from two isolates 

of ~.graminearum Fg 1 and Fg 2 exhibited 18 and 15 protein 

bands respectively (Fig.19). However, it is not desirable to 

compare the protein patterns of host and parasite obtained by 

PAGE, because protein band showing in the same RF of host and 

parasite may not necessarily be similar. Their molecular 

weight may be different hence, it was decided to study the 

serological relationship between ~.graminearum and soybean 
cultivars, existing if any. 

PART-VIII : 

Studies on the serological relationship between f.graminearum 
and soybean cultivars. 

A phenomenon which has received increased interest 
during last twenty five years is the presence of common 

antigens or antigen sharing between host (plant or animal) and 
pathogenic micro-organisms. Existing studies on both plant or 

animals host and their parasites and pathogens suggests that 

whenever an intimate and continuing association of cells of 

host and parasites occurs, partners of these association have 

a unique serological resemblance to one another involving one 

or more antigenic determinants. Resistance or susceptibility 

of an animal to infection and disease development may be 

dependent on the antigenic relationship of host and pathogen 
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(Dineun, 1963; Damian, 
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1964). The greater the antigenic 

the possibility of immunological 

that the pathogen will become esta-

blished in the host and cause disease. In several studies on 

plant pathogen systems, an analogous phenomenon have been 

observed. In this context common antigens between a plant and 

the pathogen are a notable feature of their association. 

In the present investigation, attempts have been 

made to determine the presence of common antigens, if any, 

among the soybean cultivars and isolates of F. graminearum. 

Plant antigens were prepared from healthy roots of six soybean 

cultivars viz., Soymax, JS-2, KU-254, UPSM-19, EC-55865 and 

R-184, while fungal antigens were prepared from two isolates 

of I.graminearum (Fg 1 and Fg 2). Antigens were also prepared 

from two fungal species, viz., Glomerella cingulata and 

Pestalotiopsis theae, which are non pathogenicto soybean. 

Antisera were raised in separate male white rabbits against 

antigens of the representative type i.e., one susceptible 

(Soymax) and one resistant (UPSM-19) soybean cultivars and one 

isolate (Fg 1) of I.graminearum as described earlier. Normal 

sera were obtained from rabbits by ear - vein puncture before 
immunization. 

(a) Agar-gel double diffusion tests : 

The effectiveness of antigen preparations from roots 

of cvs · soymax and UPSM-19 and isolates of I. graminea rum ( Fg 

1) in raising antibodies was checked by homologous cross

reaction. The titre value of the antisera for both the soybean 

cul ti va rs were 32 and for the pathogen was 64 (Table- 30) . 

Finally, these undiluted antisera were tested against both 

homologous and heterologous antigens following agar-gel double 

diffusion technique. The results are presented in Table-31 and 

Plate-11 (Fig. A-F) and Plate-12(Fig. A-F). Control sets 



Plate-11 Fig.(A-F) Agar gel double diffusion test using 

antigens and antisera of Soybean roots 

and f.graminearum. 
(A) Central well Contained antiserum of F. 

graminearum (F1A) and the surrounding wells 

contain antigens of isolates of f.graminearum, 

Fg1 (F1a) and Fg2 (F 2a) ; (B) Central well 

contain antiserum of UPSM-19 (UA) and the 

surrounding wells contain root antigens of 

cv. UPSM-19 (Ua) ; (C) Central well contain 

antigen of UPSM-19 (Ua) and the peripheral 

wells contain antiserum of UPSM-19(UA) and 

normal serum (NS) ; (D-F) Central wells con

tain antiserum of Soymax (SA) and the surroun

ding wells contain root antigen of Soymax(Sa), 

R-184 (Ra), KU-2~4 (Ka), JS-? (Ja) and F. 

graminearum (F1a). 
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Plate-12 Fig.(A-F) Agar gel double diffusion test using 

antigen and antisera of Soybean cultivars, 
isolates of ~.graminearum and non pathogens (Q. 
cingulata and P.theae). (A) Central well 

contain antiserum of Soymax (SA) and 

surrounding wells contain root antigens of 

Soymax (Sa), JS-2 (Ja) and KU-254(KA) ; (B & F) 

Central wells contain antiserum of 

~.graminearum (F1A) and surrounding wells 

contain antigens of isolate Fgl ( F 1 a) and Fg2 

(F 2a) of ~.graminearum, P.theae (Pta), G. 

cingulata (Gca), root antigens of Soymax (Sa), 

JS-2 (Ja) and KU-254 (Ka) ; (C & D) Central wells 

contain antiserum of UPSM-19 (UA ) and 

surrounding wells contain root antigen of R-184 

(Ra), EC-55865 (Ea), UPSM-19 (Ua), isolate Fg1 

(F1a), Fg2(F 2a) of ~.graminearum and G. 

cingul at a ( Gca) (E) Central well contain 
antiserum of Soymax (SA) and surrounding wells 

contain seed antigens of Soymax (Sa), JS-2 (Ja) 
and isolate Fg1 (F1a) of ~.graminearum. 
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Table-30 : Semi-quantitative estimation of antigens and 

antisera of soybean cultivars and Fusarium graminearum. 

Soybean cultivars 
and Fungus 

Soybean 

Cv. Soymax 

Cv. UPSM-19 

Fungus : 

I· graminearum 
(Fg 1) 

Titre of antigen 
against homolo
gous antiserum 

8 

8 

16 

Titre of antiserum against 
homologous antigen 

32 

32 

64 

Incubation time 72 h Temperature 25° + 1oc 

involving normal sera and antigens of both the host and 

parasite were all negative (Plate-11, Fig-C). Strong 

precipitin reactions occurred when antiserum of I_.graminearum 

(F1A) was reacted against its own antigen (F1a) and the 

antigens of another isolate (F 2a) of I_.graminearum (Plate-11, 
Fig-A and Plate-12, Fig-B). When antiserum of I_.graminearum 

(F1A) was cross-reacted with antigens of susceptible cultivars 

(Sa, J~ & Ka), precipitin bands were evident near the central 

wells and showed complete identity 5 Since no spurs in band 
fusion were evident ( Plate-12, Fig .F). Antigen prepared from 

seeds were weakly reactive with antiserum of cv. Soymax 

forming diffused precipitin bands (Plate-12, Fig.E). To 

confirm the presence of cross-reactive antigens between 

I_.graminearum (isolate Fg 1) and susceptible cultivars (Soymax 

JS-2 and KU-254), antiserum of Soymax(SA) was cross-reacted 



-138-

Table-31 : Detection of cross reactive antigens among 

soybean cultivars and isolates of f.graminearum 

Antigens of host Code Antisera of host and parasite 
with code 

Isolates of 
F. graminearum 

Fg 1 
Fg 2 

Susceptible Cultivars 

Soymax 
JS-2 

KU-254 

Resistant Cultivars 

UPSM-19 

EC-55865 

R-184 

Non-Pathogen 

Sa 

Ja 

Ka 

Ua 

Ea 

Ra 

1. Q.cingulata Gca 

2. P.theae(Pt-1) Pta 

f.graminearum 
(Fg 1A) 

+ 

+ 

+ 

+ 

+ 

+ 

I 

1 

Soymax 
(SA) 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

(+) Common precipitin band present 

(+) Weak precipitin band 
(-) Common precipitin band absent. 

UPSM-19 
(UA) 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

with antigens (F1a, Sa, Ja, Ka & Ra). Strong precipitin 

reactions were discerned in all cases ( Pl a te-11, Figs. D-F; 

Plate12fig.A) whereas weak precipitin reactions were observed 
with isolate Fg 2 (Table-31). Strong precipitin reactions were 
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noted in homologous reaction between antigen antiserum of CV. 

UPSM-19 (Plate-11, Fig-B). Cross reactions between antiserum 

of UPSM-19 ( UA) and antigens of isolate Fg 1 ( F 1 a) developed 

weak precipitin bands while antigen prepared from isolate Fg 2 

and two non pathogens Q.cingulata (Gca) and f.theae (Pta) in 

cross reactions with UA failed to develop any precipitin bands 

(Plate-12, Fig . Dl 

(b) Immunoelectrophoretic tests : 

Immunoelectrophoresis consists of a combination of 

electrophoresis and radial immunodiffusion in gel. By this 

method complex antigenic mixtures 

additional resolving power 
electrophoretic step. Results 

can be separated due to the 

obtained through the 

of immonodiffusion tests 

revealed the presence or absence of cross reactive antigens 

between isolates of f.graminearum and soybean cultivars. any 

of the cross-reactions in the immunodiffusion tests gave 

diffused precipitin bands which could not be clearly 

distinguished. It was also not clear whether precipitin 

reactions in all cases were due to single or several antigenic 

substances. Therefore, further resolution was attempted by 

subjecting the antigens to electrophoresis before exposing 

them to antisera. Details of immunoelectrophoretic technique 

have been described under material and 
comparison among soybean cultivars and the 

shown in Table 32-35. Immunograms 
Fig-20(A-H). 

methods. Antigenic 
fungal isolates are 

are presented in 

Effectiveness of each antigen extract (Sa, Ua & F1a) 

in raising antibodies (SA, UA & F1A) was checked by homologous 

cross-reactions. The homologous patterns formed by Sa and Ua 

contained 6 and 5 precipitin lines respectively and that of 

F1a cotained 6 precipitin lines. The antisera of hosts (SA and 

UA) and parasite(F1A) were cross-reacted with antigens of six 
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1MMUNOGRAMS SHOWING JMMUNOELECTROPHOR£TJG PATTERNS 

OF· RESISTANT, SUSCEPTIBLE SOYBEAN CULTIVARS AND 

E· graminearum 

Sa sa Sa F,a sa Ja Ua Ua 

SA A SA UA 

Sa Ua 

0 0 

UA 

Central rectangular troughs contained anti sera of Soymax (SA), 

UPSM- 19 ( UA) , [. graminearum (F1 A) and The wells contained 
antigens of Soymox(sa),JS-2 (Ja),UPSM-l9(Ua) and £.graminearum (F"1a) 

Fig. 20. 
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Table-32 : Immunoelectrophoretic test of antiserum of CV. 

soymax with antigens of soybean cultivars and 

K_.graminearum. 

Antigens of soybean 
cult1vars, pathogen 

!code name I Precipitin lines 
lof antigen -----------------------------
1 I Antiserum of Soymax (SA) and non pathogen 

_________ .__ ____ 11 2 3 4 5 6 

Susceptible cultivars 

Soymax 

JS-2 

KU-254 

Resistant cultivars 

UPSM-19 

EC-55865 

R-184 

Isolates of f.graminearum 

Fg-1 

Fg-2 

Non-Pathogen 

Sa 

Ja 

Ka 

Ua 

Ea 

Ra 

Q.cingulata GC-a 

P.theae Pt-a 

+ 

+ 

+ 

+ 

+ 

+ + + 

+ + 

+ + 

+ 

+ + 

+ + 

+ 

+ 

Precipitin line present(+) Precipitin line absent(-) 

+ + 

+ + 

+ 

+ 

+ 

+ + 

+ 
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Table-33 : Immunoelectrophoretic test of antiserum of CV. 

UPSM-19 with antigens of soybean cultivars and 

E_.graminearum 

Precipitin lines Antigens of soybean 
cultivars, pathogen 
and non pathogen 

Code name I 
of antigen~------A-n_t_i_s_e_r_u_m __ o_f __ U __ P_S_M ___ 1_9_(_U_A_) 

1 2 3 4 5 

Resistant cultivars 

UPSM-19 

EC-55865 

R-184 

Susceptible cultivars 

Soymax 

JS-2 

KU-254 

Isolates of f.graminearum 

Fg 1 

Fg 2 

Non Pathogen 

Q.cingulata 

P.theae 

Ua 

Ea 

Ra 

Sa 

Ja 

Ka 

GCa 

Pta 

Precipitin line present (+) 

+ + + + + 

+ + + + 

+ + + + 

+ + + 

+ + + + 

+ + + + 

+ 

Precipitin line absent (-) 
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Table-34 : Immunoelectrophoretic test of antiserum of 

~.graminearum with antigens of soybean cultivars 

and ~.graminearum. 

Antigens of soybean Code name I Precipitin lines 
cultivars, pathogen of antigen I 
and non pathogen 

I 
Antiserum of f.graminearum 

( F 1 A) 

Isolates of f.graminearum 

Fg 1 

Fg 2 

Susceptible cultivars 

Soy max 

JS-2 

KU-254 

Resistant cultivars 

UPSM-19 

EC-55865 

R-184 

Non Pathogen 

Q.cingulata 

P.theae 

F1a 

F2a 

Sa 

Ja 

Ka 

Ua 

Ea 

Ra 

GCa 

Pta 

Precipitin line present (+) 

I 1 2 3 . 4 5 6 

+ + + + + + 

+ + + + 

+ + + 

+ + 

+ + 

+ + 

Precipitin line absent (-) 
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Table-35 : Antigenic comparison of soybean cultivars, 

isolates of ~.graminearum (Pathogen) and non pathogens 

Antigens of host I Code 
and parasite 

Total number of precipitin lines 
. 

Antisera of host and parasite 
with code 

~.graminearum Soymax UPSM-19 
( F 1A) (SA) (UA) 

Pathogen 

Isolates of 

~.graminearum 

Fg 1 F1a 6 3 1 

Fg 2 F2a 4 2 0 

Susceptible cultivars 

Soymax Sa 3 6 3 

JS-2 Ja 2 5 4 

KU-254 Ka 2 4 4 

Resistant cultivars 

UPSM-19 Ua 0 2 5 

EC-55865 Ea 0 3 4 

R-184 Ra 2 4 4 

Non Pathogen 

.Q_.cingulata GCa 0 0 0 

P.theae Pta 0 0 0 
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soybean cultivars ( Soymax, JS-2, KU-254, UPSM-1-~ , EC-55865 and 

R-184) and two isolates of I_. graminearum ( Fg 1 and Fg 2) as 

well as non pathogens (Q.cingulata and f.theae). 

When antiserum of cv. Soymax was cross-reacted with 

the antigen preparations from roots of five different 

cultivars, it was seen that they were antigenically very close 

to each other. In this reaction antigens of cv. JS-2 gave rise 

to 5 precipitin arcs and cvs. KU-254 and R-184 exhibited four 

precipitin arcs while EC-55865 and UPSM-19 showed 3 and 2 

precipitin acrs respectively. Both the isolates of 

I_.graminearum were antigenically more related to cv. Soymax by 

sharing 3 and two common precipitin arcs by Fg 1 and Fg 2 

respectively. No such precipitin lines could be observed with 

the non pathogens (Table-32). 

Similarly antiserum of resistant soybean cultivar 

(UPSM-19) was cross-reacted with root antigens of five soybean 

cultivars. Four precipitin arcs each, were formed with 

antigens of EC-55865 (Ea), R-184(Ra), JS-2(Ja) and KU-254(Ka) 

while Soymax(Sa) exhibited 3 precipitin arcs. It is 

interesting to note that only one precipitin arc was observed 
when antigen of isolate Fg 1 ( F 1 a) was cross-reacted with 
antiserum of UPSM-19(UA) but no such precipitin was observed 

when antigens of isolate Fg 2(F2a) was cross-reacted with UA. 

Cross-reactions involving non pathogens were formed also to be 
negative (Table-33). 

Reciprocal cross-reactions between antisera of 

!:_. graminearum and antigens of cv. Soymax (Sa) formed 3 

precipitin lines while three other cultivars JS-2, KU-254 and 

R-184 formed 2 precipitin lines but antigens of cv. UPSM-19 

and EC-55865 failed to develop any precipitin lines. 

It appears from the summary Table-35 that isolates 

of I_.graminearum shared cross-reactive antigens among four 
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soybean cultivars (Soymax, JS-2, KU-254 and R-184) while no 

such relationship could be observed among cvs. UPSM-19 and 

EC-55865. However, reciprocal cross-reactions with antisera of 
UPSM-19 and antigen of isolate Fg 1 exhibited one common 

precipitin line which was not present with the antigen of 

isolate Fg 2. Serological relationship among the resistant and 

susceptible cultivars were noted by the presence of precipitin 

lines. 

PART - IX 

Detection of the cross-reactive antigen between f.graminearum 

and Q.max by indirect enzyme linked immunosorbent assay ·-

Enzyme linked immunosorbent assay (ELISA) is a 

common, specific and rapid method for identifying virus 

infections (Clark and Adams 19 77; Clark and 

Bas-Josheph-1984) as well as fungal diseases (Casper and 

Mendgen, 1979 ; Johnson et. ~., 1'~82 ; Mohan, 19 88 ; Dewey and 

Brasier, 1988; Mac Donald et.al., 1990 ; Harrison et.~., 1990 

; Lyons and White, 199 2) and some assays have been developed 

to test specifically for the presence of Fusarium species 
(Kitagawa et.al., 1989). It has been clearly pointed out by 

Alba and Devay (1985) on the basis of their findings that 

indirect ELISA can serve as an important technique to detect 

CRA, to determine their properties and to investigate their 

possible role in host parasite interaction. Therefore, it was 

considered worth-while to study cross-reactive antigen between 

f.graminearum and soybean cultivars (Soymax, JS-2, UPSM-19 and 

PK-327) by using indirect ELISA since this method has been 

considered to be one of the most sensitive serological tests 
for detecting CRA at low concentrations. 

Antigens were prepared from roots of four cultivars 
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of soybean as 

isolate(Fg 1), 

mentioned above, pathogen (I.graminearum) 
as well as non pathogen (G.cingulata and 

P. theae) and antisera were separately raised against antigen 

preparations from roots of Cv. Soymax and UPSM-19 and mycelia 

of I.graminearum (Fg 1). Indirect ELISA procedure using the 

above mentioned antigen 

performed following the 

and antisera 

method as 

preparations were 

described earlier. 

Antibodies produced against [.graminearum (isolate Fg 1) were 

titrated and compared. The antibody titre increased gradually 

with booster injections, reaching a maximum 8 week after the 

first injection. The highest reactivity in indirect ELISA was 

one week after the f~nal injection. Two different dilution 

( 1/125 and 1/250) each of three antisera preparations were 

tested against homologous and heterologous antigen (5 and 25 

/ug protein/ml). Absorbance of all the components at 405 nm 

were noted in an ELISA reader. Results are given in Table 
36-38. 

Indirect ELISA could readily detect cross-reactive 

antigens in semipurified mycelial preparations at 

concentrations ranging 5-25 fi1g protein/ml with antiserum 

dilutions ( 1/125 and 1/250). Antigenic preparation of 

f.graminearum (isolate Fg 1) exhibited higher absorbance value 

when reacted with antiserum of susceptible soybean cultivar 
Soymax (Table-37) than when reacted with antiserum of 

resistant soybean cultivar UPSM-19(Table-38). Results obtained 

in different assays showed that all combinations, A
405 

values 

for normal serum controls were below the corresponding test 

value. There was no cross-reactivity with P.theae and 

Q. • cingul at a (non pathogens) . Results are the means of three 
assays, using two replicates/assay. 
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Table-36: Enzyme linked immunosorbent assay value(A 405) 
of combinations of antigenic preparation of soybean 

cultivars, pathogen, non pathogen and antiserum of 

I_.graminearum 

Antigens of host/ 
pathogen/non -
pathogen 

Soybean cultivars 
Soymax 

JS-2 

UPSM-19 

PK - 327 

Pathogen : 

Code 

Sa 

Ja 

Ua 

Pa 

I_.graminearum 
(isolate Fg 1) F1a 

Non pathogen : 

~.cingulata Gca 

P.theae Pta 

I ~g proteiP/INormal 
I ml !serum 

5 

25 

5 

25 

5 

25 

5 

25 

5 

25 

5 

25 

5 

25 

1/125 

0.027 

0.118 

0.031 

0.092 

0.172 

0.189 

0.134 

0.162 

0.030 

0.116 

0.011 

0.076 

0.029 

0.052 

I Antiserum of I_.:i!_aminea-
D!Jl!. ( F 1_A...;_) __ _ 

1/125 1/150 

1.187 

1.445 

1.072 

1.284 

0.713 

0.825 

0.886 

1.117 

1.635 

> 2 

0.153 

0.312 

0.142 

0.308 

0.936 
1.012 

0.879 

0.991 

0.556 

0.610 

0.693 

0.968 

1.488 

1.842 

0.119 

0.272 

0.112 

0.265 
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Table-37 Enzyme linked immunosorbent assay value (A 405) 

of combinations of antigenic preparation of soybean 

cultivars, pathogen and non pathogen and antiserum of 

Soymax. 

Antigens of host/ Code /ug protein/ Normal Antiserum of Soymax( 
pathogen/ non ml. Serum 

1/125 l 1/250 pathogen 1/125 

Soybean cultivars 

5 0.033 1.784 1.536 
Soymax Sa 

25 0.082 >2 1.882 

5 0.041 1.150 1.029 
JS-2 Ja 

25 0.112 1.406 1.115 

5 0.104 1.033 0.984 
UPSM-19 Ua 

25 0.076 1.179 1.106 

Pt<-327 
5 0.162 1. 213 1.144 

Pa 
Pathogen : 25 0.110 1.476 1. 392 

f_.graminearum 5 0.084 1.012 0.765 
(Isolate Fg 1) F1a 

25 0.109 1. 276 0.981 

Non-pathogen . . 
5 0.031 0.233 0.172 

Q.cingulata Gca 
25 0.084 0.309 0.226 

P.theae 5 0.019 0.266 0.140 
Pta 

25 0.021 0.410 0.206 

SA) 



Pathogen : 

~ graminearum 
(Isolate Fg 1) F

1
a 

Non-pathogen 

Q.cingulata Gca 

P.theae Pta 

-150-

5 

25 

5 

25 

5 

25 

0.137 0.619 0.549 

0.161 0.734 0.597 

0.102 0.226 0.172 

0.078 0.291 0.165 

0.096 0.282 0.144 

0.119 0. 339 0.249 
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PART - X 

Analysis of antigenic pattern after chemical induction of 

resistance in soybean to r.graminearum. 

It is clear from the results of immunodiffusion and 

immunoelectrophoretic tests (Vide Part-VIII) as well as 

indirect enzyme linked immunosorbent assay (vide part-IX) 

that a serological relationship exist between isolates of 

f.graminearum and soybean cultivars. It is also evident from 

the results (vide part-V) that among the various chemicals 

tested sodium azide and sodium selenite reduced disease 

symptoms 

soymax. 

detected 

changes 

markedly in the 

Consequent changes 

(vide part-VI). 

in the antigenic 

susceptible soybean cultivar 

in glyceollin levels were also 

Hence, it was decided to study 

pattern in treated roots. To 

determine this, antigens were extracted from roots of 

untreated and treated (sodium azide and sodium selenite) 

soybean plants (cv. Soymax) and mycelia of f.graminearum CF1A) 

and cv. Soymax (SA). Results are presented in Table-39. In 

agar-gel double diffusion test in this case also common 

precipitin bands were detected when antiserum of SA was 

cross-reacted with antigens of f.graminearum (F1a). Reciprocal 

cross reaction with the antisera of f.graminearum and antigen 

of cv. Soymax gave common precipitin band. An interesting 

observation was made when antiserum of cv. Soymax (SA) was 

cross reacted with the antigen preparations of healthy and 

treated roots of soymax. Strong precipitin bands were evident 

in the homologous reaction between antigens and antisera of 

Soymax. But antigen preparation from sodium azide treated 

roots developed very faint diffused band while sodium 

selenite treated roots exhibited weak precipitin bands in the 

cross reaction with antisera of Soymax(SA). Reciprocal cross 

reactions between antisera of I. graminearum and antigens of 

sodium azide treated roots of cv. Soymax failed to develop any 
precipitin band (Table-39). 
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Table-39 : Antigenic relationship between isolate of 

F.graminearum (Fg 1) and susceptible soybean cultivar 

(Soymax) before and after treatment with chemicals. 

Antigens of host and parasite 

Untreated (Sa) 

Treated (Sta) 

Sodium Selenite 

Sodium azide 

Antigens of host and parasite 

f.graminearum (F1a) 

Cv. Soymax 

Untreated (Sa) 

Treated (Sta) 

Sodium selenite 

Sodium azide 

Antisera of Soymax (SA) 

+ 

+ 

+ 

+ 

+ 

Antisera of F.graminearum(F1A) 

+ 

+ 

+ 

+ 
= 

Precipitin band present (+), Precipitin band absent (-) 
Weak precipitin band (+) 

a plant treated with 10-4M Sodium azide or sodium selenite. 
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Table-40 : hntigenic comparison of_£.graminearum (isolate 

Fg.D& susceptible soybean cultivar(Soymax) before and 

after treatment with sodium azide and sodium selenite. 

Antigens of host and 
parasite. 

f.graminearum (F1a) 

Cv. Soymax 

Untreated( Sa) 

Treated (Sta) 

Sodium selenite 

Sodium azide 

Antigens of host and 

Earasite 

Cv. Soymax 

Untreated (Sa) 

Treated (Sta) 

Sodium selenite 

Sodium azide 

f.graminearum (F1a) 

a Plants treated with -10 
Precipitin line present 

H 

Antiserum of f.graminearum (F1A) 

Precipitin lines 

1 2 3 4 5 

+ + + + + 

+ + + 

+ + 

+ 

Antiserum of So max (SA) 

Precieitin lines 

1 2 3 4 5 

+ + + + + 

+ + + 

+ + 

+ + + 

sodium azide. 
( + ) 

' 
Precipitin line absent (-) . 

6 

+ 

6 

+ 

+ 

+ 
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this, immunoeletrophoretic 

are presented in the 

test was 

Table-40. 

K_.graminearum showed six precipitin arcs in homologous 

reactions. In the cross-reaction between antigens of untreated 

roots of susceptible cultivar (Soymax) with antiserum of 

f_.graminearum (F1A) three precipitin arcs developed. But when 

F
1

A was cross reacted with the antigens of sodium azide 

treated roots of cv. Soymax only one precipitin arc was 

evident. It can be explained that= untreated roots of cv. 

Soymax was antigenically close to f_.graminearum sharing three 

of the six antigenic constituents of the latter, while sodium 

selenite treated roots of cv. Soymax shared only two of the 

six antigenic constituents of f.. gr amine a rum. Simil.aTl::f 

antigen of untreated and sodium selenite treated roots of cv. 

Soymax and f.graminearum were cross reacted with antiserum of 

Soymax (SA). Six precipitin arcs were evident in the 

homologous cross reactions with antigen and antisera of cv. 

Soymax. Sodium selenite treated roots of cv. Soymax shared 

only four of the six antigenic constituents of untreated roots 

while sodium azide treated roots shared three of the six 

antigenic constituent of untreated roots of cv. Soymax. 

PART - XI 

The tissue and cellular location of CRA, shared by soybean 

roots and f..graminearum : 

Fluorescent antibody labelling with fluorescein 

isothiocyanate (FITC is known to be one of the powerful 

technique to determine the cell or tissue location of major 

cross-reactive antigen(CRA) shared by plant host and parasite. 

In the present study, agar-gel double diffusion, immunoelec

trophoresis as well as indirect ELISA clearly indicated the 

presence of CRA shared by Glycine ~ and f_.~minearum. It 
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was decided to determine the tissue and cellular location of 

CRA in soybean roots. 

Antibodies indirectly labelled with FITC were used 

to determine location of CRA in root sections of soybean 

cultivars UPSM-19 and Soymax and fungal cells (f.graminearum). 

Detail methods of antibody staining of root sections and 

fungal cells have already 

Methods. Root sections 

photographed under both 

been discussed under Material and 

and mycelial preparations were 

Phase-Contrast and UV-fluorescent 

condition for comparison of treatment. These are presented in 

Plate 13-15. 

Mycelia and conidia of f.graminearum were not 

autofluorescent nor did they fluoresce When treated with normal 

serum followed by FITC. Treatment of mycelia and conidia of 

F.graminearum with homologous antisera and FITC showed a 

ge,neral fluorescence that was more intense on young hyphae 
(Plate 13, Fig B) and patch like areas on the conidia. When 

fungal cells were reacted with antiserum to roots of Cv. 

Soymax and treated with FITC, only bright fluorescence was 

apparent on young hyphae and in patch like areas on some 
conidia. 

Cross-sections of roots of Cvs. UPSM-19 and Soymax 
were cut near and above the region of root hair initiation and 

treated seperately with normal sera, homologous and 

heterologous antisera, then reacted with FITC. Root sections 

did not exhibit any natural autofluorescence. Sections 

treated first with normal serum then by FITC also did not 

exhibit any fluorescence. Root sections of Cv. UPSM-19 

treated with homologous antiserum and then reacted with FITC 

developed bright fluorescence which was concentrated mainly 

on epidermal cells and was distributed throughout the cortex 

tissue (Plate 14, Fig. B) Of much significance was the 



Plate-13 Fig.(A & B) Mycelia of f.graminearum (Fg 1) trea

ted with antiserum to soybean root (cv. 

Soymax) and FITC - antibodies of goat spe

cific for rabbit globulins. (A) photographed 

under phase contrast ; (B) Same field photo

graphed under UV-fluorescent conditions for 

comparison of treatment. 
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Plate- 13 



Plate-14 Fig.(A-C) : Fluorescent FITC-antibody staining 

of Soybean root tissues (Cv-UPSM-19) for 

cross-reactive antigen shared with F. 

graminearum. (A) Unstained cross section 

of root ; (B) root section treated wtih 

antiserum to soybean root (UPSM-19) and 

FITC- antibodies of goat specific for 

rabbit globulins; (C) root section treated 

with antiserum to ~.graminearum and FITC

antibodies of goat specific for rabbit 

globulins (Cortical tissues enlarged). 
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Plate- 14 



Plate-15 Fig.(A-D) : Fluorescent FITC-antibody staining 

of soybean root tissues (cv-Soymax) for 

cross reactive antigen shared with F. 

graminearum. (A-D) root sections treated 

with antiserum to f.graminearum and FITC

antibodies of goat specific for rabbit 
globulins ; (B) cortical tissues, (C) 

Endodermis and vascular tissues and 

(D) Endodermis magnified. 
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Plate- 15 
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strong reaction of antiserum of f.graminearum with root 

sections of Cv. Soymax. CRA was concentrated mainly around 

xylem elements, the endodermis, epidermal cells and 

distributed throughout the cortex tissue ; cell walls appeared 

to be the main cellular location of CRA (Plate 15, Fig. A-D). 


