
On the con t ra r y , i n suscept ib le cu l t i va rs , a l t hough the

leve ls o f o r t h o - d i h y d r o x y pheno ls we re i n i t i a l l y h i g h i t

reduced p rogress ive ly f rom 5 D A I (Tab le 2 ) . I t i s repor ted

tha t o r t h o - d i h y d r o x y pheno ls are h i g h l y f u n g i t o x i c and

accumu la te r a p i d l y i n resistant cu l t i va rs f o l l o w i n g in fec 

t i o n by the pa thogen ( B h a t i a e t a l . 1972) as observed in

the present s tudy .

A c t i v i t y o f p o l y p h e n o l ox idase (PPO) was h igher i n the

infected leaves of resistant cul t ivars th roughout the g r o w t h

p e r i o d than in the suscept ib le cu l t i va rs , w h i c h reco rded a 

dec l i ne i n the e n z y m e a c t i v i t y w i t h i n 2 D A I (Tab le 3 ) .

Kosuge (1969) reported that phenols are oxid ized to qu inones

by PPO and there ex is ts d i rec t co r re la t i on be tween the

a c c u m u l a t i o n o f pheno ls and the ac t i v i t y o f PPO. Th i s

suppor ts the present s tudy .

Based on the above studies i t is c lear that pheno ls are

i n d u c e d f o l l o w i n g rus t i n f e c t i o n and p l a y a m a j o r r o l e

i n g r o u n d n u t rus t res is tance . Such an i n d u c t i o n m a y be

a g e n e r a l de fense response or a p h y t o a l e x i n pe r se.

I n t e r e s t i n g l y , i t was observed that suscept ib le cu l t i va rs

had shorter incubat ion pe r i od , greater in fec t ion f requency,

and les ion d iamete r than the resistant cu l t i va rs (data no t

p r o v i d e d ) . Hence , i t i s p robab le that i n d u c t i o n o f pheno ls

m a y be m o r e o f a p h y t o a l e x i n response than the e l i c i ta t ion

o f genera l defense. Fur ther studies shou ld focus on iden

t i f i ca t i on o f speci f ic pheno l i c compound (s ) associated

w i t h phy toa lex in ac t i v i t y and understanding mechan ism(s )

o f i n d u c t i o n .
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G r o u n d n u t s are in fec ted in the f i e l d , d u r i n g p rocess ing ,

and in storage by Aspergillus f lavus r esu l t i ng in a c c u m u -

la t ion o f a f l a tox ins in the seeds, thus rende r i ng t h e m u n f i t

f o r c o n s u m p t i o n and t rade. A f l a t o x i n s have been repo r ted

to be immunosupp ress i ve , ca rc inogen ic , and te re togen ic

in nature . In the absence o f acceptable levels o f host p lan t

resistance, use o f b i o c o n t r o l agents c o u l d be a p r o m i s i n g

a l te rna t ive f o r the managemen t o f a f l a t o x i n c o n t a m i n a -

t i o n . Trichoderma spp are w e l l k n o w n fo r the i r b i o c o n t r o l

ab i l i t y , espec ia l l y against so i l bo rne p lan t pa thogens , a n d

these have severa l modes o f ac t i on . A sys temat ic charac-

te r i za t ion and ca ta log ing o f isolates f o r d i f f e ren t modes o f

b i o c o n t r o l ab i l i t y w i l l he lp i n d e p l o y m e n t o f a b i o c o n t r o l

agen t f o r e f f e c t i v e l y m a n a g i n g p l a n t p a t h o g e n s . Pre-

l i m i n a r y observa t ions have i nd i ca ted that some isolates

of Trichoderma are e f fec t i ve against A. f lavus. We repor t

the in v i t ro antagonistic characteristics of some Trichoderma 

isolates against A. flavus.

A t o t a l o f 26 Trichoderma i so la tes , b e l o n g i n g to

f i v e species aggregates, viride, hamatum, harzianum, 

auroviride, and longibrachiatum, ob ta ined from d i f fe ren t

sources we re used in the s tudy (Tab le 1). T h e A. f lavus

isolate Af 11-4, w h i c h is a h i g h l y aggressive seed co lon ize r
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a n d i s t o x i g e n i c w a s used as the test p a t h o g e n . T h e

Trichoderma isolates w e r e charac te r i zed f o r g r o w t h in

b r o t h c u l t u r e , a n t a g o n i s m i n dua l cu l t u re , p r o d u c t i o n o f

v o l a t i l e a n d n o n - v o l a t i l e substances tha t are i n h i b i t o r y to

A. f lavus, a n d to le rance to c o m m o n l y used seed dress ing

fung i c i des ( ca rbendaz im and t h i r a m ) .

A l l Trichoderma isolates we re g r o w n on potato dextrose

b r o t h f o r seven days at 28 ± 1°C w i t h a 12-h p h o t o p e r i o d .

A f t e r the harves t , d r y w e i g h t o f m y c e l i u m o f the va r i ous

isolates w a s reco rded . T h e isolates d i f f e r e d s i g n i f i c a n t l y

in thei r g row th . M a x i m u m myce l ia l d ry we igh t was produced

by T. viride - N A R D I ( 3 6 6 m g ) , f o l l o w e d by T. harzianum 

- A P D R C 19 (353 m g ) , a n d the least g r o w t h w a s reco rded

f o r T hamatum - T 0 4 9 (75 m g ) ( T a b l e 1). T h i s charac ter

w o u l d b e use fu l f o r mass m u l t i p l i c a t i o n o f the f u n g u s f o r

use i n p r o d u c t f o r m u l a t i o n .

T h e a b i l i t y o f Trichoderma isolates to suppress the

g r o w t h o f A . f l a vus was tested i n v i t r o by d u a l - c u l t u r e

m e t h o d ( D e a c o n 1976) and the i r e f fec t iveness was scored

on a numer ical scale (Be l l et a l . 1982) w i t h sl ight modi f ica t ions

as: 1 = Trichoderma o v e r g r o w i n g the c o l o n y of A.flavus; 

2 = Trichoderma cover ing 2/3 r d of the plate and progress ing
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T a b l e 1. In v i t ro growth of 26 isolates of Trichoderma spp as mycelial d r y weight and influence of non-volatiles produced

by Trichoderma isolates on g r o w t h of Aspergillus flavus.

Trichoderma species

T. viride 

T. viride 

T. hamatum 

T. hamatum 

T. hamatum 

T. harzianum 

T, harzianum 

T. harzianum 

T. harzianum 

T. harzianum 

T. harzianum 

T. harzianum 

T. harzianum 

T. longibrachiatum 

T. viride 

T. auroviride 

T. harzianum 

T. viride 

T. harzianum 

T. viride 

T. harzianum 

T. harzianum 

T. viride 

Trichoderma sp

T. viride 

Trichoderma sp

A. flavus (control)

SEm

L S D (P = 0.05)

Ident i ty

T071

T219

T049

T166

354

043

126

127

144

250

295

390

391

TL-3

T V 4

T A - 2

T H - 1

A P D R C 3

A P D R C 4

A P D R C 12

A P D R C 19

O P T N A B

Bca6

M P H

N A R D I

Ananthapur

Source1

N R C G , India

N R C G , India

N R C G , India

Dornach, Switzerland

Giessen, Germany

N R C G , India

N R C G , India

N R C G , India

N R C G , India

N R C G , India

N R C G , India

A T C C , USA

A T C C , USA

R A U , India

R A U , India

R A U , India

R A U , India

P K V , India

P K V , India

P K V , India

P K V , India

Phi l ippines

ICRISAT , India

ICR ISAT , India

N A R D I , India

ICR ISAT , India

Myce l ia l dry weight2

(mg)

191

229

75

230

253

261

155

167

226

182

220

277

167

152

177

197

284

255

246

279

353

172

238

314

366

312

-

±21.08

59.9

Colony diameter3

(mm)

22

20

19

21

22

17

17

22

18

24

19

22

17

18

21

21

27

21

22

22

18

23

23

19

17

20

85

±13.3

38.4

1 . N R C G - N a t i o n a l Research Cen t re f o r G r o u n d n u t , J u n a g a d h , G u j a r a t , I n d i a ; A T C C - A m e r i c a n T y p e C u l t u r e C o l l e c t i o n , M a r y l a n d ,

U S A ; R A U = Ra jas than A g r i c u l t u r a l U n i v e r s i t y , C o l l e g e o f A g r i c u l t u r e , U d a i p u r , R a j a s t h a n , I n d i a ; P K V = D r Pan jab rao D e s h m u k h

K r i s h i V i d y a p e e t h , A k o l a , M a h a r s h t r a , I n d i a ; I C R I S A T = I n t e r n a t i o n a l C r o p s Research I ns t i t u t e f o r the S e m i - A r i d T r o p i c s ,

P a t a n c h e r u , A n d h r a Pradesh , I n d i a ; N A R D I - N a g a r j u n a A g r i c u l t u r a l Research and D e v e l o p m e n t I n s t i t u t e , H y d e r a b a d , A n d h r a P radesh ,

I n d i a .

2 . M y c e l i a l g r o w t h f r o m 7 - d a y - o l d c u l t u r e i n p o t a t o dex t rose b r o t h a t 2 8 ± 1 ° C ; m e a n o f th ree r e p l i c a t i o n s .

3 . C o l o n y d i a m e t e r o f A . f l a v u s ( A f 11-4) r e c o r d e d 1 0 days a f ter i n c u b a t i o n a t 2 8 ± 1 ° C ; m e a n o f th ree r e p l i c a t i o n s .



t o w a r d s A. flavus; and 3 = Trichoderma a n d A. flavus

m e e t i n g a t h a l f w a y o f the pe t r i d i sh and p r o d u c i n g i n h i b i -

t i o n zone. Seven isolates we re fast g r o w i n g and were ra ted

1, 16 isolates w e r e ra ted 2 , and three isolates p roduced

i n h i b i t i o n zone w i t h A . f lavus and we re ra ted 3 .

To test the a b i l i t y o f these isolates f o r the p r o d u c t i o n

o f v o l a t i l e and n o n - v o l a t i l e chemica ls that are i n h i b i t o r y

to A . f l avus the m e t h o d o f D e n n i s and Webs te r (1971a ,

1971b) was f o l l o w e d . W h i l e assessing the p r o d u c t i o n o f

vo la t i l es , c o l o n y d iameters of Trichoderma and A. f lavus

w e r e reco rded d a i l y , f o r seven days. N o n e o f the isolates

o f Trichoderma i n h i b i t e d the g r o w t h o f A . f l avus by p r o 

d u c t i o n o f vo la t i l es . W h i l e assessing the p r o d u c t i o n o f

non-vo la t i le chemicals, in i t ia l ly , there was very s low g r o w t h

of A . f lavus. E v e n af ter 10 days o f i ncuba t i on , a m a x i m u m

o f o n l y 2 7 m m c o l o n y d iamete r o f A . f l a v u s was reco rded

w i t h T. harzianum - T H - 1 as c o m p a r e d w i t h 85 mm in the

con t ro l (Tab le 1 ) i nd i ca t i ng the p roduc t i on o f non -vo la t i l e

chemicals i nh ib i to ry to A. f lavus g r o w t h by a l l Trichoderma 

i so la tes .

A l l 26 Trichoderma isolates were tested fo r their tolerance

to c o m m o n seed dressing fungicides, th i ram and carbendaz im

( B a v i s t i n ® ) f o l l o w i n g po i soned f o o d techn ique . Potato

dex t rose agar was amended w i t h e i ther ca rbendaz im a t

0 . 0 0 5 , 0 . 0 5 , 1 , 2 , and 10 µg mL - 1 or th i ram at 100, 200 , 500 ,

1000 , and 1500 µg m L - 1 . A l l isolates w e r e sensi t ive to the

fung ic ides at a l l concentrat ions ind ica t ing that these isolates

w e r e no t c o m p a t i b l e w i t h the f ung i c i des , and thus cannot

be used in comb ina t ion w i t h these seed dressing fung ic ides .

Sens i t i v i t y of Trichoderma isolates to ca rbendaz im has

been repor ted by Desai and Schlosser (1993) . Ident i f i ca t ion

o f Trichoderma isolates w i t h p r o v e n b i o c o n t r o l a b i l i t y

and tolerance to seed dressing fungicides w o u l d be desirable

to u t i l i ze t h e m to c o n t r o l A. f lavus i n fes ta t ion . Selected

Trichoderma isolates from th is s tudy are b e i n g used in

greenhouse and f ield experiments to evaluate their b i ocon t ro l

po ten t i a l against a f l a t o x i n c o n t a m i n a t i o n i n g roundnu t .
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Mycotoxins f rom Groundnuts Marke ted

in Yemen

Saleha Al-Nahdi (Sana'a University, Republic of

Yemen. Present address: Wor ld Bank Off ice, Sana'a, PO

Box 18152, Republic of Yemen)

O n e o f the mos t ser ious aspects o f the i nvas ion o f g r a i n

by some fung i i s the p roduc t ion o f tox ic secondary metabo-

lites k n o w n as myco tox ins . M a n y agr icu l tu ra l commod i t i es

and the i r p roduc ts i n c l u d i n g feed have been s h o w n to be

c o n t a m i n a t e d b y t h e m . M y c o t o x i n s are h i g h l y t o x i c t o

humans and l ivestock. Di f ferent fung i produce di f ferent types

of m y c o t o x i n s , e.g. , Aspergillus f lavus and A. parasiticus 

p roduce a f l a t o x i n , and A. ochraceous and Penicillium 

viridicatum p roduce o c h r a t o x i n . G r o u n d n u t s are mos t

suscept ib le to the f u n g i that p roduce a f l a t o x i n .

Su rveys f r o m severa l coun t r i es have r e p o r t e d c o n -

s iderab le c o n t a m i n a t i o n o f g r o u n d n u t seeds, g r o u n d n u t

cake , and i ts f eed w i t h a f l a t o x i n , o c h r a t o x i n , c i t r i n i n e ,

zeara lenone, t r i cho thecens , T -2 t o x i n s , d e o x y n i v a l e n o l

( D O N ) , n i v a l e n o l , d i ace toxysc i r pheno l , and p e n i c i l l i c

ac id . M o s t o f these studies we re conduc ted i n the areas

o f outbreaks o f myco tox icoses i n f a r m an ima ls o r humans ,

w h i l e o ther representat ive samples s tud ied had o b v i o u s

m o l d damage ( B h a t 1989). M y c o t o x i n c o n t a m i n a t i o n i n

groundnut can occur in the f ie ld du r i ng pre-harvest, harvest ,

and d u r i n g postharvest h a n d l i n g ( N a h d i 1997) . I n m a n y

countr ies, they are able to cont ro l the entry of con tamina ted

g r o u n d n u t i n f o o d cha in b y f o l l o w i n g s t r ic t r e g u l a t o r y

programs. The max imum permissible l im i t o f these myco tox ins

var ies from 0 to 100 µg kg - 1 depend ing on the c o u n t r y a n d

f o o d s t u f f and also whe the r the c o m m o d i t y i s f o r h u m a n o r

an ima l consump t i on . M o s t o f the g r o u n d n u t f o r l oca l c o n -

s u m p t i o n in Y e m e n i s i m p o r t e d . U n f o r t u n a t e l y , there are

no regulatory mechanisms establ ished in Y e m e n to prevent

the en t ry o f con tam ina ted g r o u n d n u t i n f o o d cha in . T h e

quarant ine laborator ies in the coun t r y are ne i ther equ ipped

no r have t ra ined s ta f f t o under take m y c o t o x i n ana lys is .
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