
BIOLOGICAL CONTROL OF PIGEONPEA

WILT CAUSED BY Fusarium udum Butler

S. B. GOWDAR

DEPARTMENT OF PLANT PATHOLOGY

UNIVERSITY OF AGRICULTURAL SCIENCES.

DHARWAD - 580 005

DECEMBER, 1997



p

a
.
o

(
S

K

t
C
b

C
O

C
o

C
O

G
O

-
o

(
3
3

3
 2 'w
 t

?*
-

y
j
 ̂

*
 y

J
 C
 
, o
t E'

•
 o
 
-
•

:
P
 
*

V
 
«
 
o
 i

^
 & I

T
 

i i

,-
.'

•
•
V

•• 
*«

,
)

>
C'
i

t

I i
 II

 jl
^i

ff
ii

fi
ai

ti
ii

ft
ft

ii
ii

ir
 M
ii

fi
f 

-.>,
 i

ii
i 

iii
iy
to
'i
ii

 
-■

^^
-



f

"BIOLOGICAL CONTROL OF PIGEONPEA WILT CAUSED

BY Fusariuin udum Butler"

Thesis submitted to the

University of Agriculture! Sciences, Dherwed
in pertiel fulfillment of the requirements for the

Degree of

MASTER OF SCIENCE (AGRICULTURE)

in

Bv

S. B. GOWDAR

DEPARTMENT OF PLANT PATHOLOGY

UNiiYiERsnry (0)]f A(GR1[coltura]l sciences

D1H[ARWAD=58o 005

DfCliMHIiK, IVV7



DEPARTMENT OF PLANT PATHOLOGY
UMNGRSITY Of AGRICULTURAL SCICMCCS. DHARWAD

CERTIFICATE

Tfiis is to certify tfiat tfie tfiesis entitfetf 'BIOLOGICAL CONTROL OF

PIGEONPEA WILT CAUSED BY Fusarium udum Butler" su6mitte({ 6y

Mr. S. B. COWDAR for tfie degree of MASTER OF SCIENCE

(AGRICULTURE) m PLflMT PATHOLOGY of tfie Vniversity of J^gricuCturaC

Sciences, (Dftarwad, is a record of researcfi woifcarried out Sy fiim dunng tfie period of

fiis study in tfiis university, under my guidance and supervision and tfie tfiesis fias not

prcviousfy formed tfie Basis for tfie award of any degree, <Dipfoma, J^ssociatesfiip,

Feffoxvsfiip or otfier simifar titfes.

DHARWAD

DECEMBER, 1997
(SHRIKANT RUIJ^aWV'^^

MAJOR advisor

Approved by :
Chairman:

Members:

(SHRIKANTKULKARW) < •

1

TT(K. H. ANAHOSUR)

2.

(G. M. PADAGANUR)

NARAJ)



che/athed

JPajreinits



^cknoujl.bx>3ieme:nt

And corner to ttme. to took back, on the path

tAWJCJi^ed duAA^ng thJA> endeavomi and to JuemembeJi the -^ace^ and

■6ptJiAtAt behtnd the act^con u)tth a .6en^e o-^ QAetttude,

It QAAjeA me a gneat pteaA>UAe to expne^Mt my pnoi-ound

x>enA>e gAatttude to Vji. SRIKANT KULKARNI , pA.o4e^oJt.

VepoAtment o-tJ. Pt/xnt Pathotogy, UntvenA>tty o^ AgntcuuttuAat

Sctence^, VhoJiMod and ChatAjnan o^ my Advt^oJiy ComnuAttee ^^tancLet

ato^ft tn my mentat ^name ^oa, .t>eetng me through tht^ ptece oi-

uoAk. I am thank^at to htm ^oa, ^uggexdU-ng the pAobtem, ktnd

co-opeAatton and. mettcut..ouA:> gutdance, x>ctenttiMi. excettence

duAxng the couAA>e o^ my .6tudy. Unttttng c4"^oAJt^ tn CJitttcat

Aeyjxeu) o^ manuA>CAtpt and. un-inttA,ng tnteAextt thA^oughout the

petxod oi- tnoex>ttgatton. I am tndebted to him ^oa moAotty

AuppoAtxng my cAumbttng x>pxAlt, boo.^>tlng my conttdence duAlng

qjiIaa^ and xnt-UAA^ng In me .<>ome Inuatuabte etementx> oi- ujOAk,

I  am thankful, to the panel, o^ expeAt^ uho x>eAved on

my Adot^OAy Committee. I expAe^ my extAeme and pAoi-ound .^en^e

o^ gAatltude to Va. KM. ANAHOSUR, Pao^jzaa^oa and Head,

VepaAtment o-i- Plxxnt Pathology and MembeA o<J. my Advlx>OAy

Committee uho haA> given .^ound and .^ult^ut advice and atx>o a

conA>tnnt encouAagement thAoughout the peAlod oi- Inve^tJ^gatlon.



I  AJ.nceJiJ3A.y tfmnk SjU. G.M. PAVAGANUR, SoJighwn

PathotogA^t, UnlusJi-AUty 04. AgjUxux^JxuiaZ Sc-cence^, VhaAwad u/ho

cu> MembeJi 04 Adv^oJty Corrmlti&e. ujoa, veJiy kAjnd and. co-opeJuvUue.

thJioughotU the. peKtod 04 my A>tady.

I oiAje my heojit 4ett. thanks and gjiatttude to Vk. P.U.

KRISHNARAJ, AA^At^txint PKo4e^oA. 04 Btotechnology, Untoeju^tty 04

Agjitcuttmiat. SctenceAi, VhoAiwad. and MembeJt 04 my Ad\/t-&oJiy

Committee 4oJt hlAi Invaluable AbuggeAytlon and a44ectlonate

ge^tiut.e ttviough out my ventuAe 04 thlA> Atuudy.

I  ou/e my heaAt4elt. thanks and gAatltude to Va. S.

Llngaviaju, AA>A>ocAXLte PAo4eA>A>oA 04 Plant Pathology, U.A.S.

VhoAwad and Sjuc. S.N. ChattjxnnavaA, AA^oelate PAo4e^oA,

HebbalH. Pojun, 4oa the^Ji co-opefiatl^on and A>uggeA>tlonA>, cLOieetl-y

OA IndtAectl.y In the couAA>e 04 my M.Se (AgAl,) Atudy and

Ae^eoAch,

I  Al.neeAel.y achnoujledge Va. A.S. Byadgl, AA^oclate

Pao4^^oa 04 Plxxnt Pathology, College 04 AgAljuiltjuAje, Vh/XAMad,

4oa hlA> kind A)uggeAtlonA> diuilng lnve-A:>tlgatlonA> and 4oa having

taken good photogAaphA,

I  iAjould like to expAeA>A> my AUnceAe thankA^ to all

A>tu44 membeAA> 04 VepaAtme.nl 04 Plant Pathology, U.A.S., VhoAwad

4oa thelA CO-operation and AuggeAttonA> dtAectl.y oa InxHAectl-y

In couAA>e 04 my Atudy. I am thankful- to Aajxa SataAaddl. 40a

PAOvldA^ng mateAtalA> and giving good A>uggeAttonA>.



w-ct/i d dcAp QJid-t-C^tuciB. ihoii I JtejnB/nbeJt,

my on tKL^ c/jmpiUi w/io Z-b-^ deB-p ■ImpAB.A^on on my

PBA^ono..^Urt.y and ^ptuuted. me. ioujOAd-^ acJi-le-ve/ne-nt^.

PoJid. o-^ my peA^on/xAdd.y -c-t t.o dhe. Und.\jeJi^cUd,y

L^bjuuty the. -sanctum, '^anctoJiam o^- ocut campus and tt^

co-ope-natti/e ^ta^-^.

On a peJi^onat note, I JteeoJid my -ne^pect^^ul.

tndebtedne.^M> and gAat>ctuxie to my bet-oyed Pojvent^, B^iottieJi,

S-L^iteJi, S'CAteJi-tn-taiAj and PuttU. w/io-^e toye and a^-^ectton hxtye

no egutyatent and a^ an eyeK txxAttng -^ouA-ce- ■cn^p-Ouxtton to

me.

I  hnye been htghty ^OJitunate tn hxiytng many ^JitencU

tn ujho^e company I neycA. ^elt the btuuien o^ my ^dMxUe^ thetn

hetptng hand u/o-^ ey-uient at eyeny AtngeA o^ ten^ton, anxtety

and achteyement. I to Aememben M.P. , l/.C. , Peddy, V.S.

Venky, \/enkatex!>h, Phxxnt, Rajeey, Vaya, G-OU^h, Ka^ht, PancUt,

Panga, Sada'<>hA.y, Payt, Ponnanna., A-d/iofe, , Stddanna

Hant^h, Thtnthatah. SoAongamath, Vec>hmukh and Matttkcuijun.

La^t but not the teaxt I expnex^ my heoAt^ett thanks

to Ma. Anand ChoJiankaA -^oa ht6 dexteAOLu* typtng.

And any omt^^xton tn tht6 bAte^ acknowledgment doe-4

not mean tack o^. gAotttude.

VHAmAD ^
Vacembeji, t997 (s.B. GOODAK)



csoNTEasrrs

SI.No Title Page No

1 - 4
I. INTRODUCTION

II. REVIEW OF LITERATURE 5-20

III. MATERIAL AND METHODS 21- 34

ft

IV. EXPERIMENTAL RESULTS •^55 -55

V. DISCUSSION 56- 67

VI. SUMMARY 68 -70

VII. REFERENCES 71 -88



Title

The microbial population of rhizosphere
soil of pigeonpea plants (g~ of soil).

Per cent population of fungi from

rhizosphere soil of healthy and wilted
pigeonpea plants.

Effect of organic amendments on the
incidence of fusarium wilt of pigeonpea.

Survival of pigeonpea seedlings in

different organic amendments.

In vitro evaluation of antagonistic fungi,
bacteria and actinomycetes on Fusarium udum

Inhibition of Fusarium udum by antagonists
isolated from rhizosphere of pigeonpea.

Effect of antagonistic microorganisms on
spore germination of F- udiun-

Effect of seed treatment with antagonists
on pigeonpea wilt incidence

Inhibition of Fusarium udum by antagonists
in combination with fungicides.

Effect of antagonists in combination with

the fungicides against incidence of

pigeonpea wiIt.



Title Between

pages.

Microbial population from rhizosphere soil
of pigeonpea plants (g-1 of soil) 39-40

Population of fungi from Rhizosphere soil
healthy and wilted pigeonpea plants 41-42

Effect of organic amendments on pigeonpea
fusarium wilt incidence 43-44

Survival ability of pigeonpea in different
organic amendments

45-46

Inhibition of Fusarium udum by antagonists
isolated from rhizosphere of pigeonpea
plants

48-49

Effect of antagonistic microorganisms on
spore germination of F. udum 50-51

Effect of seed treatment with antagonists
on pigeonpea wilt incidence 51-52

Inhibition of F. udum by antagonists in
combination with chemicals 53-54

Effect of antagonists in combination with
the chemicals against pigeonpea wilt
incidence.



Plate

No.

Title Between

pages.

Photograph showing germination of F. udum
24-25

Photograph showing the wilted and healthy
pigeonpea plants in field conditions 35-36

Photograph showing mycelial growth of
F. udum after seven days 35-36

Microphotograph showing spores of F. udum

1. Microconidia at lOx

2. Macroconidia at (a) at lOx

(b) at 40x

Photograph showing the healthy and wilted
pigeonpea under glass house conditions

36-37

H- Healthy, W-Wilted

Photograph showing symptoms of Fusarium
wilt of pigeonpea caused by F. udum 36-37

Photograph showing vasicular discoloration
in wilted plants 37-38

1. Healthy stem

2. Wilted stem

Photograph showing rhizosphere
microorganisms isolated from pigeonpea
fi

38-39

elds

a) Fungi, b) Bacteria c) Actinomycetes



Contd

Plate

No.

Title Between

pages.

Photograph showing effect of antagonists 45~46
against F. udum

1. Aspergillus flavus

2. Aspergi1lus niger

3. Trichoderma harzianum

4. Trichoderma virlde

Photograph showing inhibition zone due to
antagonistic organisms on F. udum

45-46

0. Control

1. Bacillus subtil is

2. Pseudomonas fluorescens





X. iisrrRODucmoisr

Pigeonpea iCajanus cajan (L.) Mlllsp.) is one of the

major grain legume crops of tropics and subtropics having

several unique characteristics- It finds an important place in

the farming systems adopted by small holding farmers in a

large number of developing countries. In India, it is commonly

known as redgram, arhar or tur- It is mainly used as dhal and

also tender vegetable. Pigeonpea is of dietary importance with

a  seed protein content of approximately 21 per cent that

compares well with that of other important grain legumes (Nene

and Sheila, 1990). In India, it is predominantly grown during

kharif both as sole crop and an intercrop. It is especially

useful in areas of low and uncertain rainfall because of its

deep rooting and drought tolerant characters. It is also grown

on mountain slopes to reduce soil erosion.

Redgram accounts for 45 per cent of the output of all

pulses. India accounts for 90 per cent of world output with an

area of 3.73 m.ha and production of 2.19 m.tonnes of grains

(Singal , 1995). In India, the major pigeonpea growing states

are Andhra Pradesh, Madhya Pradsh, Gujarat and Karnataka.

In Karnataka, redgram ranks second among important pulse crops

next to bengalgram.



In Karnataka, it Is grown on an area of 3.61 lakh ha

with an annual production of 1.55 lakh tonnes. It Is largely

grown in the northern parts of the state especially in

Gulbarga, which is called as " Redgram bowl of Karnataka". In

this district, it occupies an area of 1,66,954 ha with a

production of 56,940 tonnes but the productivity is 359 kg/ha,

which is very low compared to the state average productivity of

453 kg/ha, (Anon., 1995a and 1995b). It is also grown in Bidar,

Raichur, Bijapur, Dharwad, Bellary and Belgaum districts.

Among the various factors that affect the yield in

pigeonpea, incidence of diseases is considered to be one of the

main factors. Pigeonpea is known to be affected by more than

hundred pathogens (Nene et al., 1989). Among these Fusarium

wilt {Fusarium udum Butler.) was found to be very severe

followed by pigeonpea sterility mosaic and Phytophthora

blight {Phytophthora drechsleri Tucker). Local cropping

patterns and monoculture of the susceptible cultlvars

continuously for longer periods and also due to intensive

cultivation of high yielding varieties with diversified genetic

makeup, wilt causing pathogen has taken upper hand and is a

limiting factor in higher grain production. Wilt caused by

F. udum, is serious in India. It's incidence in dryland

situation of Karnataka was reported as high as 67 per cent.

Fusarium wilt is one of the most important soil borne

disease of pigeonpea and was reported for the first time by



Butler in 1906 from Bihar state. Further, he isolated,

identified and established the wilt causing pathogen as

Fusarium udum (Butler, 1910). The disease appears on young

seedlings but the highest mortality occurs at flowering and

podding stages. Although the disease first appears in patches

in a field, it can extend to the entire field if pigeonpea is

cultivated repeatedly in the same field.

The loss in yield of pigeonpea depends on the stages

at which the plants wilt. It can approach 100, 67 and 30 per

cent, when wilt occurs at pre-pod and pre-harvest stages

respectively (Kannaiyan and Nene, 1981).

Most of the commercial cultivars grown in Karnataka

have become highly susceptible to wilt and hence its management

is needed.

Chemical control though necessary to control many

diseases at present, but undesirable and even inadequate as a

long term solution to the crop health. Most of the workers in

Ind i a concentrated their efforts in i dent ification of resistant

genotypes and strain variation of the pathogen. During past

few years, some notable success of the disease control were

achieved through introduction of antagonistic microorganisms.

No single measure would be sufficient and durable in dif
sease

control. Investigations were undertaken to search for

effective antagonists, association of rhizosphere organisms.



useful organic amendments and compatibility of biocontrol

agents with chemicals for management of fusarium wilt of

pigeonpea. The investigations were undertaken with the

following objectives

i- Isolation and proving pathogenecity of the Fu,sarium udum,

ii. Isolation of antagonists from the rhizosphere of pigeonpea

field,

ill. Survival of the pathogen in the presence of organic

amendments, and

iv. Evaluation of antagonists against pathogen and

compatibility of chemicals with antagonists.





IX . RETVTEW OF LXTEE^ATURE

Pigeonpea {Cajanus cajan (L.) Mi lisp.) is one of the

important grain legumes in India. Of the two serious diseases

on this crop viz., sterility mosaic and wilt, the loss in crop

yield due to the latter to the tune of 37 crores of rupees

annually (Kannaiyan et al., 1984).

The pathogen Fusarium udum responsible for the

disease is ! of a soil borne one is difficult to control.

Chemical control is not only less effective but also not

economical and also hazardous to health of human beings and

cattle. In the absence of these, investigations have been done

by various workers on the ecology of the pathogen particularly

with a view of developing suitable disease management

practices. Hence, the present review pertaining to soil

amendments, effect of antagonistic microorganisms,

compatibility of chemicals with antagonists have a direct or

indirect bearing on the present investigations.

2.1 Symptoms

Butler (1918) had described the symptoms as gradual

or rather sudden withering and drying up of the green plants,

exactly as if they were suffering from drought even though

there may be plenty of moisture in the soil. The wilt symptoms



appear in the early stages of plant growth i.e. when the plants

are about eighteen days old (Satyanarayana and Kalyanasundarum,

1952). The symptoms appeared when the plants were about four to

six week old (Chaube, 1968).

Wilt symptoms can appear 4 to 6 weeks after sowing.

The initial visible symptoms are loss of turgidity in leaves

and slight chlorosis which sometimes becomes bright yellow

before wilting. Leaves remain on the wilted plants. The

initial characteristic internal symptoms in the stems are the

xylem tissue gradually develops black streaks and brown or dark

purple bands appear on the stem of partially wilted plants

extending upwards from the base. When the bark of such bands

is peeled off, browning or blackening of the wood beneath can

be seen (Subramanian, 1963).

However, maximum severity of the disease occurs

during flowering and pod formation (Nene et al., 1980).

Sheldrake et al. (1978) stated that the symptoms of pigeonpea

wilt appear during the reproductive stage particularly during

pod filling stage.

The pathogen becomes systemic invading tap root,

lateral roots, collar, mainstem, branches, leaflets, petioles,

rachis, pedicel and pod hull (Nene et al., 1980). Khune (1990)

studied the transmission of F. udum Butler in pigeonpea and

isolated F. udum from tap root, lateral roots, collar region,

mainstem, lateral branches and pods hull of diseased pigeonpea. i



Partial wilting is usually associated with lateral

root infection. Tap root infection results in complete wilting.

Chari et al. (1984) using an electric current, could predict

infection before the appearance of wilt symptoms with 94 per

cent validity. An isolate from completely wilted plants caused

wilt in 60 per cent of inoculated plants and partial wilt in

ten per cent whereas the one isolate from partially wilted

plant caused complete wilt in 40 per cent plants and no partial

wilt (Kotasthane et al., 1987).

Rajendra and Patil (1993) collected 22 isolates of

F. udum from wilted pigeonpea plants and pathogenecity was

studied using 10 pigeonpea cultivars and a pathogenic variation

in the isolates was observed.

2.2 Microorganisms associated with rhizosphere

Upadhyay and Rai (1982) revealed that, fungi in the

root region of healthy and diseased pigeonpea plants varied

qualitatively and quantitatively. F- udum was recorded on the

rhizosphere of wilted plants and comprised 90 per cent of the

total fungal population of the rhizosphere.

Aspergillus spp., predominated in the rhizosphere of

uninoculated pigeonpea plants (Khan and Pralcash, 1987). Shall?

and Nusrath (1987) reported soil saprophytes and antagonists

such as Trichoderma viride Pers., and Aspergillus nlger Var.

Tiegh., among the microflora of the wilt resistant cultivar.



The microflora of the susceptible cultivar showed a

predominance of F. udum and other Fusarium spp.

Pseudomonas fluorescens Migula., isolated from

rhizosphere of rape seedlings inhibited Fusarium roseum (Link)

Snyder and Hansen and Pythium ultimum (Dahlya et al., 1988).

Gaur and Sharma (1991) said that Trichoderma vlrlde

present in the rhizosphere soil of pigeonpea was most

effective in controlling the disease.

Patil (1993) isolated fungi like Asperglllus

candidus Lk. ex Fr., A. flavus Link., A. nlger Van

Teigh., A. terreus Thom., and Trichoderma viride Pers. ex.

Fr., and were found to be antagonistic to the Sclerotlum

rolfsli , Macrophomina phaseolina (Tassi) Goid and Fusarium

oxysporum Schlecht.

Ramanamma et al. (1994) reported that an antagonistic

bacterium from rice rhizosphere showed a large inhibition zone

and inhibited the rice pathogens such as Rhizoctonia solanl

Kunh and also Curvularia spp.

A rhizosphere isolate of Aspergillus niger Van Tiegh

(A-27) was found to check F. oxysporum f sp. melonis both in

vitro and in vivo (Sen et al., 1995). Vidhyasekaran and

Muthamilan (1995) obtained Pseudomonas fluorescens strains

from the rhizosphere of different crops and observed that, the

strains inhibited the chickpea wilt pathogen.



2.3 Effect of organic amendments on soil borne plant pathogens

The use of organic and inorganic manures have been

suggested by several workers to control soil borne pathogens.

Mi Hard (1921) suggested the use of green manuring with grass

cuttings to control potato scab.

Organic and inorganic amendments have shown profound

effects on the soil microbes (Alexander, 1957). Various

amendments have been employed in different forms by the earlier

workers (Adams et si., 1968 ; Huber and Watson, 1970 ; Khanna

and Singh, 1974 ; Goyal and Mehrotra, 1979 ; Chattopadhyaya and

Mustafee, 1980 ; Sudhirchandra et al., 1981 ; Singh and Singh,

1982 and 1985 ; Lakshmanan and Nair, 1984 ; and Gupta, 1986) to

findout the quantitative and qualitative changes in mycoflora

of amended and unamended soils besides evolving a suitable

control method of soil borne diseases.

Srivastava (1961) recorded a significant reduction
t

in soil population of Fusarium oxysporum as well as wilt

incidence in case of coriander by amending soil with linseed,

groundnut or sesamum oilcakes. Linseed was most effective

followed by groundnut and sesamum oil cakes.

Chauhan (1963) reported significant reduction in the

incidence of Fusarium orthocerans var. cicer in soil amended

with cakes of groundnut, sesamum and mustard.



Mahmood (1964) also reported, reduction of pigeonpea

wilt incidence in soil supplemented with groundnut cake,

molasses and sweet clover after inoculation with Bacillus

subtllls which produces bulbiformin. Peanut oilcake

suppressed the Fusarlwn population in soil, when amended at

more than one per cent (W/W). At while lower dosages

stimulated the population (Bhalia, 1966).

Assay of autoclaved or unautoclaved field soil,

reinfested with F. udum and amended with 0.5 to 5.0 per cent

of oil cakes of margosa, groundnut or mustard 15 days after

amendment, revealed that these oil cakes either stimulate or

inhibit vegetative growth or sporulation or both (Singh and

Singh, 1970).

Srivastava and Sinha (1971) showed that, oilcakes

were more effective in reducing the disease in case of

coriander wilt caused by F. oxysporum f. sp., coriander!i Kul.

Zakaria and Lockwood (1980) stated that, linseed and

soybean meal reduced the soil population of Fusarium oxysporum

5  2and Fusarium solani (Mart) Apple et Wr., from 10 /g to 10 /g

in 4 to 5 weeks.

Singh and Singh (1982 and 1985) noticed that neem

cake inhibited radial growth of F. udum, when exposed to 1 or

2  week after amendment. Amendment with chitin, cellulose and

starch at 0.1 per cent reduced the population of Fusarium spp.,

in sugarcane soils (Gupta, 1986).
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DasGupta and Gupta (1989) reported, the effect of

different soil amendments on wilt of pigeonpea. In an

experiment with potted soil inoculated with F. udum and

amendments of green manure iSesbania aculenta)t oil cakes

(mustard and Azardirachta indica) and urea reduced both the

pathogen population and the number of wilted plants.

Patel (1991) reported that, soil application of

Trichoderma harzianiun + FYM was better than Individual

application and recorded highest chickpea seed yield. He

hypothesised that soil amendments with FYM may have improved

soil properties which might have further helped in better

solubiHzation of minerals and checked the disease-

Kulkarni (1992) reported that, safflower oilcake was

more effective in reducing the mortality of groundnut

seedlings followed by sunhemp, sesbania, neemcake, glyricidia

and wheat straw.

Patil (1993) observed maximum per cent seedling

survival of cowpea in neem cake (92.50) followed by safflower

oil cake (82.50), groundnut oil cake (82.50) and farm yard

manure (71.6) and this was significantly more than in untreated

control (63.33).

Voland and Epstein (1994) reported that, manure and

compost were more effective than urea alone in Inducing

suppression of the damping off of radish caused by /?. solani.



2.4 Effect of antagonistic organisms on plant pathogens

Garrett (1956) has defined the biological control of

plant diseases as "Any condition under which, or practice

whereby, survival and activity of a pathogen is reduced through

the agency of any other living organisms (except man himself)

with the result that, there is a reduction in the incidence of

the disease caused by the pathogen".

The biological control is defined as use of

organisms, genes or gene products to regulate a pathogen

(Baker and Cook, 1979).

Millard (1921) demonstrated the first successful

control of root disease by biological means. He reported the

control of scab in potato caused by Streptomyces scabies

(Thaxter) Waksman by green manuring.

2.4.1 Effect of antagonists on Fusarium

Several microorganisms have been tested for their

antagonistic effects against species of Fusarium. The growing

realization of importance of biological control of plant

pathogens has been discussed in many reviews (Garett, 1956 ;

Baker, 1968 ; Garett, 1970 ; Papavizas, 1973 ; Cook, 1977;

Lumsden, 1980 ; Mukhopadhyay et al., 1989).



Vasudeva and Roy (1950) observed low incidence of

pigeonpea wilt in unsterilized soil due to the inhibitory

effect of Aspergillus niger, A. terras Thorn., and Bacillus

subtilis Cohn. Emend. Praz. These organisms also secreted

inhibitory substances in PDA broth restricting F. udum.

Bacillus subtilis appeared to be the principle inhibitory

agent.

Vasudeva et al. (1962) reported that Bacillus

subtilis posses strong antagonistic property against F. udum

through production of antibiotic bulbiformin. A reduction in

the wilt incidence was observed when B. subtilis added to the

soiIs.

Isarlischvili et al. (1968) reported that,

introduction of Trichoderma spp., into rhizosphere reduced

infection of basil (Ocimum sp.) by Fusarim oxysporum. They

said the antibiotic substances released by Trichoderma spp. in

nutrient media killed F. oxysporum.

Kaiser and Gupta (1977) recorded 77.50 to 81.25 per

cent control of pigeonpea wilt by prior inoculation of the host

with non pathogenic F. oxysporium f. sp. ciceri and F.

vasinfectum. However, these species produced initial wilt

symptoms but the seedlings later on recovered as the vascular

tissues were partially affected.



Kotasthane and Agarwal (1978) reported promising

results obtained by the use of Trichoderma harzianum Rifai as

biocontrol agent against chickpea wilt. They observed 91.0 and

31.7 per cent seedling mortality (pre and post emergence)

in r. harzianum inoculated soil as against 61.8 and 51.9 per

cent in untreated soil.

•  Singh and Singh (1980) reported inhibition of Fusarum

oxysporum f. sp. udum by soil bacteria. Bacillus subtil is (B4,

B6, B18 and B19) and B. cereus (B12). They were found to

inhibit growth and spore germination and caused lysis of the

mycelium and germ tubes of the test fungus. They also reported

that Pseudomonas fluorescens neither inhibited the growth

of F. udum nor brought about significant lysis of the growing

mycelium. They had an inhibitory effect on spore germination.

Mahalinga (1982) reported that among the four

antagonistic organisms Bacillus subtilis was most effective

and produced inhibition zone of three mm against Fusarium

oxysporum- Trichoderma spp., Curvularia lunata (Wakker)

Boedijn., and Streptomyces sp. over grew the species of

Fusariurn.

There is evidence that Pseudomonads have a role in

the suppressiveness of certain soils to fusarial wilt of

flax, radish and cucumber (Scher and Baker, 1982). Simeoni et

al. (1987) also reported significant suppression of

chlamydospore germination of F. oxysporum f. sp. cucumerinum.
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PodilG and Dube (1985) suggested that, amendment of

wilt sick soils with a ten-fold concentration of cell-free

culture filtrate of the AFl strain of Bacillus subtiJis might

provide biological control of fungal wilt disease and this

Isolate of B. subtilis inhibited the growth of Vertiai1lum

albo-atrujiif V. dahliae, F. udum, F- oxysporum f. sp.

lycopersici and F. oxysporum f. sp. vaslnfectum more than 10

per cent on PDA.

Shaik and Nusrath (1987) observed the mycoflora of

wilt resistant pigeonpea cultivar 8858 and reported that

antagonists such as Trichoderma virlde and Aspergi llus niger

dominated. The mycoflora of wilt susceptible cultivar 8518

however showed a predominance of F. udum during all the stages

of plant growth.

Several strains of siderophore producing Pseudomonas

fluorescens inhibited Fusarium oxysporum f. sp. vaslnfectum

(Sakthivel et al-, 1986). Dahlya et al. (1988) reported that,

P. fluorescens isolated from rhizosphere of rape seedlings

inhibited F. roseum and Pytbium ultimum. Sivan et al. (1987)

also reported 26.2 per cent increase in yield of tomatoes in

Trichoderma harzianum treated plots over Fusarium infested

plots.

^ Trichoderma harzianum has shown potential to control

diseases caused by Fusarium spp. Thus, strain T-35 of

IUMIVfBSITY OF aHRICUI/'UBAI SCIENCES |
>10 00



T. harzianum controlled fusariutn wi 11 of cotton and melons

caused by F. oxysporum f. sp. vaslnfectum and F. oxysporum f.

sp- melonis respectively. It also controlled fusarium seedling

blight in wheat caused by F. culmorum all under natural soil

conditions (Kempf and Wolf, 1989 ; Sivan and Chet, 1986).

Upadhyay and Rai (1988) reported that antagonists

viz., Penclllium citrinum, T. harzianum and T. viride

contributed to suppressivenss of soils against F. udum.

Mukhopadhyay et al. (1989) studied the biocontrol

potentiality of Trichoderma harzianum against chic)cpea collar

rot and wilt in vitro as well as under field conditions. They

found that application of wheat bran-saw-dust (WBSD)

preparation of T. harzianum gave excellent control of the

disease. Hartman and Fletcher (1991) reported T. harzianum to

be efficient against fusarium root rot of tomato reducing

disease to 21 per cent over control.

Gaur and Sharma (1991) studied microorganisms

antagonists to F. udum. They isolated microorganisms from the

rhizosphere soil of pigeonpea and tested for their

antagonistic action against F. udum. Trichodorma was the most

effective in controlling the disease followed by Aspergilius

niger, Streptomyces sp., Pencillium sp., and Bacillus sp.
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Patel (1991) found that Trichoderma barzianum

initially showed two mm inhibition zone to FusarSum spp. and

later it overgrew the colony of pathogen.

Deshmukh and Raut (1992) reported that in in vitro

test Trichoderma barzianum Rifai and Tricboderma viride Pers:

Fr. overgrew colonies of F. moniliformer F. oxysporum and M.

pbaseolina with r. barzianum more aggressive than T. viride.

Patil (1993) reported that, forty-five day old

culture filtrates of 7*. viride showed complete Inhibition of

germination of sclerotia of S. rolfBiit M. pbaseolina and

conldla of F. oxysporum.

Vastrad (1994) Isolated Tricboderma viride, T.

barzianum, Penicillum spp. and Aspergillus spp- from the

rhizosphere soil of pigeonpea and were found to be highly

antagonistic to F. udum.

2-5 Compatibility of chemicals and antagonistics

Integration of chemical and a biotlc agent

{Tricbodema spp.) has been the subject of research during

recent years. Integration of biological and chemical control

seems to be a very promising way of controlling pathogens with

a minimal interference with biological equilibrium (Papavizas,

1973).



Curl et al. (1976) observed that ineffective

amounts (1 to 2 ug/g soil) of Pentachloronitrobenzene, applied

together with T. harzianum controlled Rhizoctonia solani more

effectively than T. harzianum alone in cotton seedling disease

in the green house. Similarly, Henis et al. (1978) obtained

control of R. solani damping off of radish by integration of

PCNB (4 ug/g soil) and Trichoderma harzianum in green house

experiments.

LangeraJc (1977) reported that after treatments of

bulbs of narseins with aretan, pimaricin and thiram, the newly

developing roots were more densely colonized by T. viride

during the entire growing season. These fungi were less

sensitive to these fungicides than the Fusarium spp. and thus

more or less selectively favoured by the treatment.

Bollen (1979) critically analyzed and presented

possible effects on antagonistic relationships. The indirect

effect of toxicants on disease incidence may be positive or

negative. Pesticides sometimes selectively enhance the

antagonistic microbes or antagonism which may lead to indirect

control or integrated control.

Chandra (1984) reported that integration of both

chemical and biological control measures has a synergistic

effect on the control of damping off in sugarbeet. Seed

treatment with metalaxyl alone at 0.01 per cent was not very



effective, but when used with 10.5 g of T. harzianum

preparation, it provided enhanced control of damping off of

sugarbeet.

Papavizas (1985) proposed that, biological approach

can be successful only if antagonists are compatible with

fungicides and biopesticides. Mukhopadhyay and Chaturvedi

(1986) obtained successful control of damping off of tobacco

and egg plant by the application of Trichoderma preparation to

soil and integrating it with metalaxyl seed treatment.

Alagarswamy and Sivapralcasam ( 1988) reported that

pelleting of cowpea with T. viride Pers i Fr. either alone or

in combination with carbendazim inhibited the growth of

Macrophomina phoseolina (Tassi) Goid. Carbendazim did not show

any adverse effect on the antagonists viz., T. viride and

T. harzianum Rifai under in vitro and in pot culture studies.

Seed treatment 8 1.5 g/kg + soil drenching ? 0.05 per

cent with carbendazim + soil application of T. harzianum was

best integrated management practice for control of chickpea

wilt (Patel, 1991). Kaur and Mukhopadhyay (1992) reported that

chickpea wilt was effectively controlled by T. harzianum in

combination with carboxin.

Sharma et al. (1992) reported that, biocides viz.,

T. harzianum, T. viride and Gliocladium roeeum and fungicides

MBC (methyl benzimidazole carbamate) and tridemefon reduced



the sclerotial germination of Sclerotinia sclerotiorum in pea

and the combinations were more effective.

Vyas and Pathak (1995) observed that a mixture of

mycelial extracts and culture wash of the antagonists

T. viride along with Bavistin (500 ppm) rendered best results

against the Aspergillus rot of mango. Carbendazim (0.2%)

treated seeds of sunflower raised in 7. harzianum infested soil

followed by spray of carbendazim (0.2%) proved highly

effect ive.





IXX - MAXEIRTAL TVND METHODS

The foregolna investigations comprised of laboratory

and green house experiments conducted during kharif, 1996-97

at the University of Agricultural Sciences, College of

Agriculture, Dharwad. The details of the methodology employed

in these investigations are described in the following pages.

3-1 General procedure

3.1.1. Glassware and cleaning

In all the experimental studies Corning glassware

were used. The glasswares before use were kept in the cleaning

solution containing 60 g of potassium dichromate, 60 ml. of

concentrated sulphuric acid in one litre of water for 24 hrs.

followed by washing repeatedly in tap water by using vim

cleaning powder.

3-1.2 Steri1ization

All the glassware were sterilized in an autoclave at

1.11 kg pressure per sq. cm for 20 min. The solid media and

liquid media were sterilized at 1.11 kg pressure per sq. cm

for 10 min. Soil used for the experimental purpose was

sterilized in an autoclave for two hours at 1.33 kg pressure

per sq. cm.



3.2 Preparation of potato dextrose agar (PDA)

In most of the experimental studies the potato

dextrose agar (PDA) medium was used. The composition of PDA

is as follows,

Peeled potato
Dextrose

Agar-agar
Distilled water

200.00 g
20.00 g

17 g
1000.00 ml (volume to malce up)

Two hundred g of peeled potatoes were cut into small

bits and boiled in distilled water and the extract was

collected by filtering through muslin cloth. Dextrose 20 g and

agar-agar 17 g each were dissolved in the potato extract and

the final volume was made upto 1000 ml with distilled water.

Later, it was sterilized at 1.11 kg pressure per sq. cm for 20

min. and preserved for further use.

3-3 Isolation of the pathogen

The pigeonpea plants showing true vascular wilt

symptoms were collected from the field for isolation of the

Stem and root region exhibited different symptoms

including white profused mycelial growth and also abundant

sporulation of the fungus with wilting symptoms.

The pathogen was isolated by standard tissue

isolation method. The infected stem and root of pigeonpea was



split longitudinally with the help of sterilized knife. The

affected part showing brown discolouration of vascular tissue

was cut into small bits of about 2-5 mm and washed well in

running tap water. These bits were surface sterilized with

1:1000 mercuric chloride solution for 30 sec. Such bits were

washed thoroughly in sterile distilled water thrice to remove

traces of mercuric chloride if any and then aseptically

transferred to sterile potato dextrose agar (PDA) slants.

Further, such slants were incubated at 27 + 1®C. After five

days the growth of the pathogen was observed, indicating

association of pathogen with the wilt symptom of pigeonpea

plant.

The pure culture of this pathogen was obtained by

hyphal tip isolation. The pure culture was maintained by

subculturing once in a month and preserved in a refrigerator.

The identity of the fungal species associated was

done by comparing the morphological characters and

pathogenicity test.

3.4 Hyphal tip isolation

To get uniform and pure culture of species of

Fusarium udum hyphal tip isolation method was followed.

In aseptic condition, a dilute spore suspension (8-

10 spore/ml) of F. udum was prepared in sterile distilled water
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in a test tube by taking spores from seven day old culture. One

ml of dilute spore suspension was spread uniformly on two per

cent water agar in sterilized Petriplates. The Petriplate was

rotated well for uniform spread of spores on the medium. After

24 hrs, the plates were observed for spores under the

microscope and located well isolated and germinated single

spore. Such single spore (macroconodia) was then marked with

ink. Such plates were incubated at room temperature (25±1'C)

and periodically observed for germination of spores (Plate 1)

under microscope. Hypha coming from the end cell of the single

spore was traced and marked with ink. Tip of the hypha was then

cut and transferred to potato dextrose agar slants and

incubated for 15 days at room temperature (27+l®C). The slants

with pure culture of the fungus was maintained for further

studies.

3.5 Preparation of giant culture

Sand-corn meal medium was prepared in the proportion

of 95:5 in order to get maximum inoculum of Fusarium udam.

About 300 g of sand-corn meal medium was taken in 1000 ml

conical flasks and watered to 20 per cent of its weight and

were sterilized at 1.33 kg pressure per sq. cm. for one hour.

Such flasks were inoculated with the fungal species of F. udum

under aseptic condition and incubated at 27+l®C for 30 days.

The flasks were shaken everyday to get uniform growth. The



Plate 1. Photograph showing germination of F. udum
spores



giant culture so obtained was used for proving pathogenicity of

the fungus and for further studies.

3.6 Proving the pathogenicity

Five hundred g of sterilized soil was taken in

earthen pots of the size 10 x 15 cm to which four per cent

inoculum of Fusarium udum was added separately and mixed

thoroughly. Seeds of pigeonpea were sown in these pots in

inoculated soil. Control was also maintained to which no

inoculum was added. The soil moisture was maintained at 30 per

cent moisture holding capacity and then loss in moisture was

maintained by adding water on weight basis. After 15 days,

typical wilt symptoms were observed. The symptoms were

identical to those observed in the field. The fungus was

reisolated from the artificially inoculated seedlings and the

cultures thus obtained were compared with the original.

3.7 Isolation of antagonists from the rhizosphere soil

Rhizosphere soil sample collected by uprooting the

actively growing pigeonpea plant carefully without damaging the

root system was shaken gently to remove the excess soil brought

to the laboratory in sterile polythene bag. 10 g of soil

sample was aseptically transferred to 90 ml sterile distilled

water contained in 250 ml flasks and mixed thoroughly. One ml

suspension was drawn with the help of sterile pipette and

transferred to 9 ml sterile distilled water test tube blank.
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The suspension was shaken for one minute, before it was further

diluted, and also required dilutions were prepared. Dilution of
3  5 310 and 10 and 10 were used for fungi, bacteria and

actinomycets respectively. Three replications were maintained

to each dilution. One ml of suspension from each of the

appropriate dilution was transferred aseptically into a sterile

petriplate. About 15 ml of specific agar medium for fungi,

bacteria and actinomycetes Wz., Martin's rose bengal agar.

Nutrient agar and Kuster's agar were poured into plates and

were rotated manually to let the suspension to distribute

uniformly in the medium. The plates were inverted and

incubated at 27±1®C.

Microbial enumeration was made on the fifth day for

bacteria, on seventh day for fungi and on fifteenth day for

actinomycetes. Counts were taken and recorded as colonies per g

of soil. For further antagonistic studies the microbes so

isolated were cultured on PDA and stored properly.

3.8 Maintenance of the culture

Fusarium udum and cultures of antagonistic

microorganisms so obtained were grown for seven days at room

temperature on PDA slants and subsequently stored at 6°C in a

refrigerator and maintained by subculturing once in a month.
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3.9 Media used for microblal enumeration

For bacteria.

Nutrient agar (Tuite, 1969)

Peptone 5.0 ̂
Beef extract 30a
Agar-agar 18*0 g

For fungi

Martin's rose bengal agar medium (Martin, 1950)

Glucose 10 0 a
Peptone '
Magnesium sulphate 05a
Rose bengal o!35 g
Agar-agar 18 00 a
Distilled water 1000-00 ml (to make up)
pH was adjusted to 6.00

One hundred ppm streptomycin sulphate was aseptically

added just before pouring the medium.

For actinomycetes

Kuster's agar (Kuster and Williams, 1966).

Starch 10 0 a
Casein hydrolysate 0.3 g
Potassium nitrate 2.0 g
Dipotassium hydrogen phosphate 2-0 g
Calcium carbonate 02a
Ferrous sulphate 0.01 g
Agar-agar 18.0 g
Distilled water 1000.00 ml (to make up)
pH was adjusted to 7.2
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3-10 Effect of organic amendments on survival of Fusarlum
udum

Five hundred g of 2 mm sieved sterilized black
soil was taken In earthen pots of size 20 cm X 15 cm. Four per
cent inoculum of Fusarluw uduw was added to each pot.
Different organic amendments vjz., groundnut oil cake, neem
cake, farm yard manure and compost were evaluated against
control (only with inoculation F. udum) for their effect on

survival ability of the pathogen in artificially Inoculated
soil under the glass house condition. These amendments were

powdered and separately added to soil in amount equal to 2 per
cent of soil by weight and mixed thoroughly. After seven days
of inoculation with giant culture (4% w/w) to soil, ten seeds
of pigeonpea were sown in the pots. Four replications were
maintained under each treatment. The soil moisture was
maintained at 30 per cent of maximum water holding capacity by
periodic watering.

Observations were made on 20 and 40 days after sowing
for death of the seedling by counting the number. Per cent seed

germination and per cent survival of the seedlings were
recorded.

3-11-1 Assessment of microorganisms for antagonism against
pathogen

The fungi, bacteria and actinomycetes isolated from

rhizosphere soli were evaluated for their antagonistic effect
in in vitro against Fusarium udum.
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Fifteen ml of potato dextrose agar(PDA) medium was

poured into sterile Petriplates. From eight day old actively

growing culture of test fungus and antagonistic fungi, a

mycelial disc of the fungal pathogen and antagonist were

inoculated on opposite side of the same plate simultaneously.

In case of bacteria, two discs of the test fungus were placed

on opposite side of the plate simultaneously and after 48 hr

bacterial antagonist streaking was done in between on PDA

media poured plates. The actinomycetes were streaked in the

centre and incubated. Later, discs of test fungus were placed

at either side of the actinomycetes colony.

Trichoderma Wride, T. harzianumr Asper^i 1 lus niger,

A. flavus. Bacillus snbtilis, Pseudomonas fluorescens,

Penicillium spp., and Streptomyces spp., were tried to test

their antagonistic nature. Potato dextrose agar was poured

into 75 mm diameter Petridishes and allowed to solidify. Five

mm diameter of Fusarium udum was placed at one end of the

Petridish. The antagonistic organism was inoculated on the

opposite side. Such treatment was replicated thrice and the

experiment was repeated twice for confirmation. The plates

were incubated for seven days at 27+l®C. After the period of

incubation, the colony diameter of Fusarium udum was recorded.

The extent of activity of the antagonist, i.e., the growth

after contact with the target fungi, their overgrowth and

smothering of Fusarium colony and the zone of inhibition

between Fusarium and antagonist colony were recorded.



In another set of experiment, Bacillus subtilis and

Pseudomonas fluorescence were tried as antagonistic organisms.

Potato dextrose agar (PDA) was poured into Petridishes, allowed

to solidify. Five mm. discs of Fusarlum udum was placed on

opposite sides of plate. After 48 hr. of incubation, bacterial

suspension was prepared and streaked in the centre and

incubated for five days at 28±1*C. Three replications were

maintained and the experiment was repeated twice. A control was

also maintained, wherein only the F. udum culture was

inoculated. After the period of incubation, the growth of the

Fusarlum colony was recorded. The Steptmyces sp., was streaked

in the centre of the Petriplate containing PDA medium and

incubated for three days. Later, Fusarium udum five mm disc was

placed at either side of the Streptomyces colony. In the

experiments zone of inhibition was obtained. In other cases,

where no distinct zones were produced,growth of the pathogen,

its colony and their relation as overgrowth of the hyphae was

observed.

Observations were recorded as per cent growth

inhibition by poison food technique. In case of fungi the PDA

medium was throughly mixed with the antagonist culture

aseptically. Temperature of the medium was kept 40''C and this

medium was poured into sterile Petriplates and 8 days old

culture of pathogen was inoculated at the culture of the medium

for bacterial antagonist potato dextrose agar medium was used



as test medium. Same procedure was repeated for other

antagonist and replications were maintained. Appropriate

control were maintained to compare the treatments.

The Petriplates were incubated at 27±1°C. The zone of

inhibition was recorded in mm by measuring the clear distance

between the margin of the test fungus and the antagonistic

organism. Per cent inhibition was calculated by using the

following formula (Vincent, 1927).

I  =

100 (C-T)

Where,

I = Per cent inhibition
C = Growth in control

T = Growth in treatment.

The germination of the spores at the interaction zone

and the centre of the Fusarium colony was studied. Five mm

discs were cut randomly at the inteaction zone and a spore

suspension was prepared. A drop was placed on a cover slip and

inverted on to a cavity slide and sealed. The cavity slide was

placed in a moist chamber- After 12 hr- the number of spores

germinated over the total number of spores were counted for

five microscopic fields. The per cent spores germinated was

calculated. Similarly, it was done for the centre of Fusarium

colony also.



3.11.2 Effect of seed treatment with different antagonistic

organisms on disease incidence

Seed treatment with antagonists was tried to evaluate

their effect on the incidence of Fusarium wilt in the soil

inoculated with F. udum.

Trichoderma virlde Pers. ex. Fr., T. harzian urn

Rifai., Aspergi1lus flavus Link., A. nlger Van Tiegh., Bacillus

subtilis Cohn. Emend. Praz., Pseudomonas florescence Migula.,

and Penlcillum spp., were tried for their antagonistic effect

as seed treatment ones. Seven hundred g of 2 ram. sieved

sterilized soil was taken in earthern pots of size 10 x 15 cm

and inoculated with giant culture, so as to obtain four per

cent inoculum in the infested soil.

Healthy surface sterilized seeds of pigeonpea were

dipped in respective antagonistic cultures for 30 rain, and ten

treated seeds were sown in infested soil. Watering was done,

so as to maintain about 30 per cent soil moisture of its

moisture holding capacity. Untreated pots served as control.

Each treatment was replicated thrice. The per cent plants

affected were recorded.

3.11.3 Compatibility of antagonists with fungicides

To know the compatibility of antagonists with

fungicides an experiment was conducted in the laboratory as
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well as under glass house conditions. The experiment consisted

of nine treatments Inclusive of two antagonists viz.,

Trichoderm^ viridQ and r. hetrzianutrt and a seed dresser viZ',

Carbendazim and Captan, their combinations and a control.

Pel letting of pigeonpea seeds was done with

fungicides viz., Carbendazim e 500 ppm and Captan ^ 0-2 per

cent of seed and with the antagonists viz., Trichoderm vlrlde

and T. barzianum 4 g/kg of seeds individually and in

combination with fungicides. In the combination treatments,

seeds were first treated with fungicide and after 24 hr.

fungicide treated seeds were treated with respective

antagonists. After treatment seeds were shade dried and used in

the experiments.

The effect of treatment were tested under in vitro

conditions. The sterilized potato dextrose agar (PDA) medium

inoculated with Fusarium udum was poured in the petridishes and

the treated seeds were placed in the centre of the petridishes

and these were incubated at room temperature. Three

replication were maintained for each treatment. The inhibition

zone was recorded on 6th day after planting.

The same treatments were also tried under pot culture

conditions and each treatment was replicated thrice. The

treated seeds were sown in the pots inoculated with F. udum as

mentioned earlier. The number of germinated and infected

plants were recorded.
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XV - EXPETRIMEISrrAX# RESULTS

4.1 Collection of diseased specimen and isolation of the

pathogen from wilted pigeonpea plants

The wilted pigeonpea plants were collected from the

field (Plate 2) of Agricultural College Farm, Dharwad, during

kharif 1996-97. In order to assess the fungi associated with

the wilted pigeonpea plants, tissue isolation was made as

described in ^Material and Methods'.

It was found that Fusarium udum was associated with

wilted pigeonpea plants. The fungus was isolated even from the

branches of the wilted plants.

4.2 Identification of pathogen isolated from host

The pathogen was identified as Fusarium udum based

on morphological characters as mentioned below.

4.2.1 Culture on potato dextrose agar (PDA)

Growth of Fusarium udum was white cottony mass and

appeared felted and wrinkled In old culture (Plate 3). Septate

and hyaline hyphae (mycelium) were profusely branched. The

fungus formed deep purple colour discoloration on PDA, produced

three types of asexual spores viz., macroconidia, mlcroconidia

(Plate 4) and chlamydospores. Mlcroconidia produced in chains



&

Plate 2. Photograph showing the wilted and healthy
pigeonpea plants in field conditions

4

Plate 3. Photograph showing mycelial growth of

F. udum after seven days
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Plate 4. MicrophotoQraph showing spores of F. udwa
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were later detached and were small elliptical or curved,

unicellular or with one to two septa and measured 6-14 X 2.3-

4.1 uM. Macroconidla were long curved (fusiod) pointed at the

tip and knotched at the base, thin walled with three to five

septa and measured 14-50 X 3-1-5-2 uM. Chlamydospores were

spherical to oval, thick walled single, terminal intercalary or

in chains. These characters were compared with the originals

and identified as F. udum.

4.3 Pathogenicity

Pathogenecity test of Fuearium udum was carried out

under glass house conditions as described in material and

methods.

The wilting and death of pigeonpea plants due to

Fusarium udum was observed at 25-30 days after sowing of seeds

(Plate 5). Details of the above ground symptoms expressed on

plants were recorded. Symptoms observed under glasshouse

conditions were similar to wilt symptoms observed in the field.

4.4 Symptoms caused by the pathogen

Visual observations of various pigeonpea plants and

the repeated isolations of the associated pathogen were made

during the cropping season of 1996-97. Studies revealed that,

wilted plants expressed typical symptoms of the disease (Plate

6). Such typical symptoms observed under field conditions were



Plate 5. Photograph showing the healthy and wilted
pigeonpea under glass house conditions

H- Healthy, W-Wilted

i
m

Plate 6. Photograph showing symptoms of Fuearivm
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confirmed by the pathogeneclty test under glasshouse

conditions. The symptoms caused by Fusarium udum are described

as below.

Vascular wilt symptoms were characterised by gradual

or sudden yellowing, withering and drying of leaves followed by

drying of entire plant or some of its branches. Wilted plants

when pulled out and examined in the field, black streaks of

varying size may be seen on the taproot and on the base of stem

spreading upward. The main and lateral roots were rotten but It

was dry rot. Partial wilting having one or two branches was

also seen. Aerial growth of the fungus also occurred on the

base of the stem near ground level as a whitish to pinkish

mass. Loss of turgidity, drying and dropping of leaves was

observed. Extensive wilting of the plants was noticed. It was

difficult to uproot such affected plants. Root system showed

brown vascular discoloration. Intracellular mycelium was

observed in affected xylem vessels (Plate 7).

4.5 Reisolation

Reisolations from the wilted plant roots were made

and pathogenic culture thus obtained was compared with the

original culture and was found identical. All the morphological

characters were compared and the identity confirmed.
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a) Fungi,

1

Plate 8. Photograph showlng rh i zosphere

microorganisms isolated from pigeonpea
fields



38

4.6.1 Isolation of Microflora from rhizosphere of pigeonpea

plants

In order to isolate the antagonistic organisms from

rhizosphere of pigeonpea, soil dilution plate technique was

followed as described in ^Material and Methods*.

The population of fungi, bacteria and actinomycetes

from the rhizosphere of both wilted and healthy plants were

enumerated and the data are presented in the Table 1, Fig 1 ;

Plate 8.

From the data, it is clear that, the population of

fungi, bacteria and actinomycetes were more in rhizosphere of

healthy plants than that of wilted plants.

The propagules of fungi was found to be maximum 34.14
3

X 10 per g of soil in case of rhizosphere of healthy plant as

compared to 19.71 X 10^ per g of soil in that of wilted plants.
The bacterial population was recorded maximum in rhizosphere of

healthy plants (63.71 x 10^ per g of soil) compared to 16.86 x
10 per g of soil in wilted plants. On an average actinomycetes

were found to be maximum (16.0 X 10^ per g of soil) in

rhizosphere soil of healthy plants compared to 8-71 X 10^ per g

of soil in that of wilted plants.

In the present study, the healthy plants showed

significantly higher population of bacteria (63.71 x 10^ per g



b) Bacteria

c) Actinomycetes

Plate 8. Photograph
m i croorgan i sms
fields

showing rhizosphere
isolated fr<^ pigeonpea
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Table 1 : The microbial population of rhizosphere soil of pigeonpea
plants (g of soil).

Rhizosphere of Rhizosphere of
healthy plants wilted plants

^""^l 34.14 X 10 19.71 X 10^

Bacteria 63.71 x 10^ 16.86 x 10®

Actinomycetes 16.00 x 10® 08.71 x 10®

SEmi 0.79 0.79

CD at 1% level 3.40 3.40



Fungi Bacteria Actinomyceles

Rhizosphere microorganisms

Rhizosphere of
healthy plants

Rhizosphere of
wilted plants

Fig. 1. Microbial population from rhizosphere soil of pigeonpea
plants (g^' of soil)



of soil) than fungi (34.14 X 103 per g of soil) and
3

actinomycetes 16.0 X 10 per g of soil. Generally, in

rhizosphere of the wilted host, the fungal propagules and
3

bacteria were significantly higher (19.71 X 10 per g of soil
5

and 16.86 X 10 per g of soil respectively) than that of

3
actinomycetes (8-71 x 10 per g of soil).

4-6.2 Isolation of fungi from rhizosphere microfiora

The antagonistic organisms from soils were assessed

by soil dilution plate technique as described under material

and methods.

The fungi isolated from rhizosphere of healthy plants

includes viz., Aspergillus flavus, A. niger A. terreus,

Cladosporlum spp., Peniclllium spp., Fusarium udum, T. virlde.

The population of fungi is given in the Table 2 ; Fig. 2.

3
Maximum population of A. flavus was seen (17.00 X 10 per g of

3
soil), followed by PeniciIlium spp., 9.0 X 10 per g of soil.

3
Least population of Aspergillus niger 3.5 X 10 per g of soil

was observed.

Major groups of fungi were isolated form rhizosphere

of wilted pigeonpea plants viz., Aspergillus terreus Thorn.,

Fusarium udum Butler and Cladosporlum spp., population of fungi

is given in the Table 2 ; Fig. 2. From the data it is clear

3
that, population of Fusarium udum was maximum (82.50x 10 per

g  of soil), followed by Aspergi11 us terreus and Cladosporlum



Table 2 : Per cent population of fungi from rhizosphere soil of
healthy and wilted pigeonpea plants.

Fungi isolated Rhizosphere of Rhizosphere of
healthy plants wilted plants

AspergiIlus flavus 17.00 (24-35) 00.00 (00.00)

A. niger 03.50 (10.78) 00.00 (00.00)

A. terrus 06.00 (14.18) 03.00 (09.97)

Cladosporium spp.. 06.50 (14.77) 03.00 (09.97)

Fusarium udum 05.00 (12.92) 82.50 (65.27)

Pen id Ilium spp., 09.00 (17.46) 00.00 (00.00)

Trichoderma viride 04.00 (11.54) 00.00 (00.00)

0.59

CD at 1% level
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AspergUlus AspergiUus AspergUlus Ckidosporium Penicillitiin luisdriuin Trichodenna
flmnis niger terreus spp., si)p., iidum viride

Rhizosphere fungi

Rhizosphere of
healthy plants

Rhizosphere of
Molted plants

Fig. 2. Population of fungi from Rhizophere soil of healthy and wilted
pigeonpea plants



spp., both accounted same population of 3.00 X 10^ per g of

sol 1.

4-7 Effect of different organic amendments on the survival of

pigeonpea plants

Amending soil with agricultural waste and oil cakes

have in many cases given good result in suppressing soil borne

pathogens. In the present study, oil cake viz., groundnut cake

and neem cake along with compost and farm yard manure to see

their effect on Fusarium udum and effect on seed germination

further their antagonist enhancing effect under the glass house

condition was evaluated as described under "Material and

Methods'.

The effect of these amendments were tested on seed

germination. 77.5 per cent germination occurred in control. The

germination was 90 per cent in seeds sown in neem cake treated

plots. 87.5 per cent in compost, 82.5 in farm yard manure and

85 per cent in groundnut cake. However, there was no

significant difference in germination among all the treatments.

Pots treated with neem cake showed 27.50 per cent of

wilt incidence, followed by compost (42.50%), FYM (60%) and

groundnut cake (62.50%). There is significant difference over

the control (75.00%). The data are presented in the Table 3 ;

Fig.3.



Table 3 : Effect of organic amendments on the incidence of fusarium
wilt of pigeonpea.

Organic amendments Per cent seed

germinated

Per cent plants

affected by wilt

Compost 87.50 (72.11) 42.50 (40.61)

Farm Yard Manure 85.00 (67.50) 60.00 (50.83)

Groundnut oil cake 82.50 (65.47) 62.50 (52.34)

Neem cake 90.00 (74.14) 27.50 (36.00)

Control 77.50 (60.11) 75.00 (60.10)

SEm+ 4.15 2.51

CD at 5% level 7.72
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Fig. 3. Effect of organic amendments on pigeonpea fusarium wilt incidence



4.7.1 Plant stand at 20 days after sowing

Maximum per cent seedling survival was recorded in

neemcake (85%), followed by compost (75%), groundnut cake

(72.5%) followed by farm yard manure (65%) and this was

significantly more than in the treatment without organic

amendments (control, 57.5%). The data are presented in the

Table 4 and Fig. 4.

4.7.2 Plant stand at 40 days after sowing

Maximum per cent seedling survival was recorded in

neem cake (77.5%), followed by compost (67.5%), farm yard

manure (60%) and groundnut cake (60%) and this was

significantly more than in the control (50%). However, the

survival was slightly reduced at 40 days compared to 20 days.

The data are presented in the Table 4 ; Fig. 4.

4.8.1 In vitro evaluation of Antagonists against Fusarium udum

Five species of antagonistic fungi, two species of

bacteria and one spp., of actinomycetes were tested against

Fusarium udum in in vitro for their antagonistic effect as

explained in "Material and Methods'.

Inhibition zone in mm was determined and the data are

presented in the Table 5 ; Plate 9. The per cent inhibition was

also calculated and are presented in Table 6 ; Fig. 5.



Table 4 . Survival of pigeonpea seedlings in different organic
amendments.

Organic amendments Per cent seedlings survived

in 20 days in 40 days

Compost 75.0 (60.64) 67.5 (55.50)

Farm Yard Manure 65.0 (53.78) 60.0 (50.83)

Groundnut oil cake 72.5 (56.95) 60.0 (50.83)

Neem cake 85.0 (67.50) 77.5 (62.15)

Control 57.5 (49.39) 50.0 (45.00)

SEm+ 3.16 2.85

CD at 5% level 9.72 8.79



Neem Farmyard Groundnut. Compost Control
cako manure oilcake

Organic amendments

I  1 Per cent seedlings
'  survived in 20 days

Per cent seedlings
survived in 40 days

Fig- 4 • Survival ability of pigeonpea in different
org.mic amendments



Among the fungi tested, Trichoderma viride showed

maximum inhibition zone of 3.4 mm. followed by T. harzianum

(2.2 mm.) but later on, both overgrew and completely suppressed

the test pathogen. Aspergi1lus flavus, A. niger and Penicillum

sp., completely inhibited the Fusarium udum. Initially

Fusariwn udum grew towards antagonistic organisms. However,

the growing edge of Fusarium udum ceased before it could make

contact with growing colony of antagonistic organism.

Bacillus subtilis showed antagonism by producing

inhibition zone of 3.5 mm and Pseudomonas fluorescens produced

7.5 mm inhibition zone against test fungus.

Streptomyces sp. was more effective antagonistic

organism and produced an inhibition zone of 13.2 mm against

test fungus.

Maximum inhibition was observed by T. viride (87.03%)

followed by T. harzianum (85.40%), Pseudomonas fluorescens

(81.87%), Bacillus subtilis (72.23%), Aspergillus niger

(55.60%) and least (49.57%) inhibition was observed by

Aspergillus flavus- Inhibition by Trichoderma viride and

Trichoderma harzianum was significantly more than the

inhibition by Aspergillus flavus and Aspergi1lus niger. In

control there was no inhibition and complete growth of test

fungus was observed.



Table 5 : In vitro evaluation of antagonistic fungi, bacteria and
actinomycetes on Fusarium udum

Antagonists Inhibition zone

(iran)

Type of antagonist

Aspergi1lus flavus Inhibited the F- udum Highly suppressive
but no zone was produced competitive saprophytic

act ivi ty

A. niger Inhibited the F. udum Highly suppressive
but no zone was produced competitive saprophytic

act ivi ty

Bacillus subtil is 3.5 mm Antagonism

PeniciIlium spp., Inhibited the F. udum Highly suppressive
but no zone was produced competitive saprophytic

act ivi ty

Pseudomonas fluorescensl.S mm Antagonism

Streptomyc.es spp. , 13.2 mm Suppressive and

compet i t ive

Trichoderma harzianum 2.2 mm inhibition zone

was observed lateron

Antagonism

overgrew

T. viride 3.4 mm inhibition zone

was produced but later

on overgrew

Antagonism



Table 6 : Inhibition of Fusarium udum by antagonists isolated from
rhizosphere of pigeonpea.

Antagonistic organisms Per cent inhibition

Aspergillus flavus 49.57 (44.75)

A. niger 55.60 (48.22)

Bacillus subtil is 72.23 (58.20)

Pseudomonas flourescens 81.87 (64.91)

Trichoderma harzianum 85.40 (67.55)

T. viride 87.03 (68.93)

SEm+

CD at 1% level
0.541

2.425



Tvidiodenna Trichodenua Aspergdhts Pseudomonus IkiciUus AspcrgiUus
harzianiim viride flaviif: fliiorescens siiblilis tdger

Aiitigonistic organisms

Per cent inhibition

5. Inhibition of Fusariurn udiun by antagonists isolated from rhizopbere
of pigconpea plants
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4-^.2 Effect of antagonistic microorganisms on germination

and viability of Fusarium udwn

This experiment was undertaken to known the amount of

germination and viability of spores of Fusarium uduin at the

centre of Fusarium colony and at the interaction zone. The

results obtained are recorded in Table 7 ; Fig. 6-

The results indicated that the germination and

viability of spores reduced significantly in interaction zone

in comparison to the centre of the Fusariu/n colony-

The per cent spore germination of Fusarium was not

affected adversly in culture of Bacillus subtilis (63.67%).

However, minimum per cent spore germination was recorded in

cultures Interacting with T. viride (10.19%) followed by T.

harzianum {29.38%).

4.8.3 Effect of seed treatment with different antagonist on

wilt incidence in pigeonpea

Five fungi and two bacteria were tested for their

antagonistic effect as seed dresser against wilt caused by F-

udum and the data are presented in Table 8 ; Fig. 7.

The least per cent wilt was recorded in case of

Trichoderma viride (26.67%) followed by T. harzianum (30-00%),

Pseudomonas fluorescens (36.67%), Aspergillus niger (56.67%),

Bacillus subtilis and Penicillium spp., (60% and 63-33%



Table 7 : Effect of antagonistic microorganisms on spore
germination of F. uduiu.

Antagonists Centre of the

colony per cent

spore germination

Interaction zone

per cent spore

germination

Bacillus subtil is 63.67 (53.08) 34.33 (35.79)

Pseudomonas fluorescens 48.00 (43.86) 25.67 (27.36)

Trichoderma harzianum 35.50 (36.54) 29.38 (32.64)

Trichoderma viride 22.05 (27.92) 10.19 (14.58)

Control 84.36 (69.25) 83.14 (68.24)

SEm+

CD at 1% level

3.21

13.27

5.48

22.64



Trichodenmi Tricliode.nmi Psvudomojias lidcilliis Q)nln)I

viride harzianum fluorescms suhlilis

Antigonistic organisms

Center of the colony Interaction zone

Fig. 6. Effect of autagouistic microorgansims on spore germination of F. udum



Table 8 : Effect of seed treatment with antagonists on pigeonpea
wilt incidence

Antagonistic organism Per cent fusarium wilt

Aspergi1lus flavus 66.67 (54.78)

A. niger 56.67 (48.85)

Bacillus subtil is 60.00 (50.85)

Pen id 1 Hum spp. 63.33 (52.78)

Pseudomonas fluorescens 36.67 (37.22)

Trichoderma harzianum 30.00 (33.21)

T. viride 26.67 (30.90)

Control 80.00 (63.93)

SEm+ 2.50

CD at 1% level 10.52



AsfMTfiilluM Asfjt'rfyillun Ptvtirilliufn Trichofirniui Tru'linthrnui Btti'illiiM fHrudorwifuvt ConLi"ol
/liii'tm nifi'T ^l*P • i iritlr fktrcutniirn mthliliM flmmwrut

Antigonistic organisms

Per cent fusarium wilt

7. Effect of seed treatment with antagonists on pigeonpea wilt incidence



respectively) and Aspergri 1 lus flavus (66.67%) as compared to

control (80.00%). Trichoderma viride and T. harzianum differed

significantly over other antagonists tested and control.

4.9 Compatibility effect of antagonists with fungicides

To assess the compatibility effect of antagonists

with chemicals, an experiment was conducted in in vitro and as

well as under glass house conditions. In this test pelleting of

pigeonpea seeds was done with Carbendazim 0 500 ppm and Captan

0  0.2 per cent of seeds and with antagonists individually and

also in combination as described in ^Material and Methods'.

The in vitro study showed that, the antagonists were

not affected by Carbendazim and Captan fungicides. The data are

presented in Table 9 ; Fig. 8. Per cent inhibition in

Trichoderma viride was 55.83 whereas, in T. harzianum caused

51.43 per cent inhibition of F. udum over control. In

treatments of Carbendazim and Captan 52.63 and 44.80 per cent

inhibition were observed respectively. Combined treatments

showed more effective results than that of individual

treatment. In treatments with Captan + T. harzianum 60.06 per

cent inhibition, 60.80 inhibition observed by treatments with

Captain + T. viride. Maximum inhibition of 63.03 was observed

in the treatment of Carbadenzim + T. viride and 60.70 per cent

in case of Carbendazim + T. harzianum. The results showed

significant difference between combined treatment effects than

individual treatment effect.



Table 9 j Inhibition of Fusarium udum by antagonists in
combination with fungicides.

Treatments Per cent inhibition

Carbendazim 52.63 (46.52)

Captan 44.80 (42.02)

Trichoderma harzianum 51.43 (45.82)

T. viride 55.83 (48.36)

Carbendazim + T. harzianum 60.70 (51.19)

Carbendazim + T. viride 63.03 (52.57)

Captan + T. harzianum 60.06 (50.81)

Captan + T. viride 60.80 (51.24)

SEn\± 1.01

CD at 1% level 4.25





4.9.2 Compatibility effect on pigeonpea wilt incidence

The germination was 90.00 per cent in seeds treated

with Carbendazim and Carbendazim + Trichoderma viride, followed

by 86.67 per cent in seeds treated with T. viride, 83.33 per

cent in seed treated with Carbendazim + T. harzianum 83.33 per

cent in seeds treated with T. harzianum, 80 per cent in seeds

treated with Captan and Captan + T. viride and in seeds

treated with Captan + T. harzianum seed germination was 76.67

per cent. The data presented in the Table 10 j Fig. 8. 76.67

per cent germination in control. There was no significant

difference in seed germination among all the treatments.

In treatments, least wilt incidence was noticed with

Carbendazim + T. viride (16.67%) and Carbendazim + T. harzianum

(20.00%) and varied significantly over control (73.33%). There

was no significant results in the treatment of T. viride seed

treatments and Captan + T. harzianum. The data (Table 10)

clearly shows per cent wilt incidence was least in case of

antagonist than in fungicides and that the combination

treatments were effective.
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Table 10 i Effect of antagonists in combination with the
fungicides against incidence of pigeonpea wilt.

Treatments

"V

Per cent seeds

germinat ion

Per cent plants

wilted

Carbendazim 90.00 (75.00) 50.00 (45.00)

Captan 80.00 (63.93) 60.00 (50.85)

Trichoderma harzianum 83.33 (66.14) 30.00 (33.21)

Trichoderma viride 86.67 (68.85) 26.67 (31.00)

Carbendazim + 7. harzianum 83.33 (66.64) 20.00 (26.57)

Carbendazim + 7. viride 90.00 (75.00) 16.67 (23.86)

Captan + T. harzianum 76.67 (61.72) 26.67 (31.00)

Captan + 7- viride 70.00 (63.93) 23.33 (28.78)

Control 76.67 (61-72) 73.33 (56.60)

SEnvt 4.72 2.59

CD at 1% level — 10.71



Cnrh(Mu!azim rnchn,lcrma Trichoderma Carbcndazim Carl.endazim Capian Captan Control
vinde har:ianum T. vihde * T. har^anum * T. viride + T. harzianum

Treatments

Per cent seeds

germinated
Per cent plants

wilted

Fig. 9. Effect of antagonists in combination with the chemicals against
pigeonpea wilt incidence





V. DISCUSSXON

Pigeonpea is one of the most Important pulse crops

of India. It is a major source of protein to many people who

largely or wholly depend on vegetarian diet. It improves the

poor soils through the deep strong rooting system. Therefore,

it is often called as the 'biological plough'. Several factors

responsible for low production of pigeonpea have been

recognised. High yields and stabilization are must for meeting

demands of ever increasing population of India- Pigeonpea can

be affected by more than 100 pathogens. Fortunately only few

of them cause economic losses. Among them pigeonpea wilt is the

most important soil borne pathogen and was first described in

1906 from Bihar state, India. Several investigators have

reported Fusarium udum as cause of vascular wilt In

pigeonpea. The pathogen being the soil-borne, is hard to
V.

achieve economic control of the resultant disease. Literature

reviewed indicated, the need to take up the investigation on

certain aspects of wilt of pigeonpea ultimately leading to the

management of the disease. This includes the isolation of the

pathogen and study of pathogenicity, isolation of antagonists

from rhizosphere soil of healthy and wilted plants, assessment

of their antagonistic effect, effect of organic amendments and

compatibility of antagonists with fungicides. Such type of



work is lacking and also has direct bearing in devising

suitable and economic management of the disease. Therefore, the

investigations on these aspects were carried out and the

results obtained are discussed herein.

The diseased specimens were collected from field and

repeated tissue isolations were also made. It was found that,

Fusarium udum was always associated with wilted pigeonpea

plants. The present findings are in agreement with the earlier

workers Butler (1910), Wollenweber and Reinking (1935)

and Mohanty (1946).

The identification of fungal pathogen in the present

study as Fusarium udum was based on the principal

morphological and cultural characters described by Butler

(1910), Padwick (1940) and Booth (1971). Pathogenecity test

carried out under pot culture conditions, showed the wilting

of seedlings after four weeks. The initial visible symptoms

were loss in turgidity in leaves, slight interveinal clearing.

Foliage showed slight chlorosis and bright yellow before

wilting. Leaves were retained on wilted plants. Wilted plants

after splitting showed brown vascular discoloration. Symptoms

produced are in agreement with the descriptions given by Butler

(1918), Chube (1968) and Sheldrake et al. (1978).

Microorganisms were also isolated from the

rhizosphere soil of healthy and wilted pigeonpea plants. The



number of fungi, bacteria and actinomycetes in the rhizosphere

3  5
soil of healthy plant recorded were 34.14 X 10 , 63.71 x 10

3
and 16.00 x 10 respectively. But the number of fungi,

bacteria and fungi reduced in the rhizosphere soil of wilted

3  5
plant and number recorded were 19.71 x 10 , 16.86 x 10 and

3
08.71 X 10 respectively. Upadhyay and Rai (1982) reported

number of bacteria per g of soil were higher in the

rhizosphere of healthy plants. The actinomycetes bacteria

differed in their occurrence on roots of healthy plants

compared with diseased ones. The probable reason was that the

diseased roots supported a large population of F. udum , which

might have competitively suppressed the bacteria and

actinomycetes. Rhizosphere of healthy plant showed higher

population of bacteria compared to that of fungi and

actinomycetes. But in the rhizosphere of wilted plant fungal

population was higher than bacteria and actinomycetes.

The rhizosphere soil of resistant cultivar mainly

comprised viz., Aspergillus flavus, A. niger, A. terreus,

PeniciIlium spp. and Trichoderma viride. About 90 per cent of

the fungal population in rhizosphere of wilted plants accounts

for F. udum. These findings are in agreement with the earlier

work of Upadhyay and Rai (1982) and Gaur and Sharma (1991).

Use of organic amendments to control soil borne

diseases of plants is a potential non-chemical method and al

-so an indirect approach to control the pathogen. Organic



amendments not only reduced the disease intensity, but also

increased the soil fertility and crop yields to considerable

extent. In the present study, groundnut cake, neem cake, farm

yard manure and compost were employed to work out the

management practice on wilt of pigeonpea.

Oil cakes have been found to act by way of

fungistasis and also production of toxic volatiles substances

and gases. Treatment of the soil with oil cake caused quicker

rise in pH compared with the control. Hence, the growth of the

pathogen was inhibited, which thrives well at neutral to

slightly alkaline pH (6.5-7.5).

Various biochemicals inciuding antibiotics and

phenols released during decomposition of 1ignin-containing

materials, induce disease resistance on the root surface as

well as in the tissue when absorbed. Certain substances, such

as aldehyde are stimulatory for pathogens, which are destroyed

by strong biological antagonism operating during the

decomposition of organic amendments.

Excessive decomposition of organic amendments result

in accumulation of large amount of CO2 and scarcity of nitrogen

in the soil and resulting into suppression of soil borne

pathogens (Papavizas and Davey, 1960).



Organic amendments are being recommended as bio-

control agents to reduce the incidence of several plant

diseases especially in control of specialized parasites

(Sanford, 1926 ; Nargund, 1981). Application of organic

amendments to the soil promotes the biological antagonism

leading to suppression of build-up of inoculum threshold or

inoculum density. The inoculum density of pathogen is reduced

by various mechanisms like lysis or antibiosis of survival

structures or competition among the antagonistic microbes and

the pathogen.

Organic amendments also favour biological protection

of plant and there will be enhanced competition among the soil

microorganisms for nitrogen, carbon or both. This may be

expressed as germination of fewer propagules or less growth of

the pathogen in the infection court.

Effectiveness of the amendment in decreasing the

disease caused by soil inhabitating pathogen depends also upon

their ability to change the microbial population in soil, so

also, their C:N ratio. Organic amendments reduce the

saprophytic activity and lower the population of pathogens by

lysing the propagules or chlamydospores or sclerotia which are

present in the soil.

Singh and Singh (1980) reported lysis of F. udum

cells in soils amended with carbon materials and found



materials with low CjN ratio, which decomposed and encouraged

microbial activity rapidly produced greater lysis than with

materials having high CsN ratio.

Neem cake had shown highest per cent survival (85%

and 77.5% at 20 and 40 days respectively). It may be due to

improved soil physical properties such as pore size, aeration,

temperature, water holding capacity, etc. These further might

have helped in better soiubi1ization of minerals which together

with the nutrients released by decomposition helped in the

rapid extension of the root system, better uptake of nutrients

and finally better plant vigour. Singh (1983) stated that it

is the decomposition of the organic matter that is the cause of/-

disease suppression. The amendment itseif may not contain the

inhibitory factor for pathogens. Even if it does contain such

substances their status in soil may change due to microbial

action.

Next to neem cake, compost and groundnut oil cake

showed highest per cent plant survival at 20 days. In 40 days

it is found to be compost in which highest per cent plant

survived. FYM was found to be least effective. It may be due

to slow decomposition of FYM, as compared to other amendments.

But per cent survival (60%) was more as compared to control

(50%). Singh (1983) noted that, soil organic amendments help

the plant to resist the attack of pathogen or replace the

damaged root quickly by stimulating format in of new roots.



The end result was better per cent plant survival and

suppression of wilt pathogen.

Neem cake shows least wilt per cent (27.5%) followed

by compost and significant results over control (75.00%).

Punja (1985) reported that the addition of organic amendments

such as compost or oat or corn straw to soil limits disease

incidence, possibly due to the release of toxic ammonia (NH3)

or increase in the levels of resident antagonistic soil

microflora.

In the present studies, saprophytic activity of the

pathogen and disease severity reduced within 20 days following

the addition of organic amendments. This effect is more in neem

cake compared to other amendments. Hence, it is better to

incorporate organic amendments, 15-20 days prior to sowing, so

that, the activity of the pathogen could be suppressed by the

enhanced activity of antagonistic microflora.

Among the fungi, Trichoderma viride and T. harzianum

overgrew and completely inhibited the growth of Fusarium udum.

Among bacteria Pseudomonas fluorescens produced an inhibition

zone of 7.5 mm, while Streptomyces spp., produced an inhibition

zone of 13.2 mm.

Among the fungi, Trichoderma viride exhibited maximum

parasitic activity followed by T. harzianum. Similar studies



conducted on F- oxysporum f- sp. fragriae (Moon et al., 1988)

and F. oxysporum (Morshed, 1985) indicated the suppression of

these fungi by T. harzlanum and T. viride respectively.

The complete inhibition of growth of F. udum by

AspergiIlus niger, A. terrus, and PenicilHum sp. may be due

to the production of anti-fungal substances in the culture

medium. Trichoderma harzianum and T. viride, both suppressed

the growth of F. udum may be due to coiling and disintegration

of hyphae of the test fungus and the loss of competitive

saprophytic ability. The results of the present study is

supported by the previous report by Gaur and Sharma (1991).

Godtfredsen and Vangedal (1965) reported

trichodermin; Pyke and Dietz (1960) found dermadine, while

Dennis and Webster (1971) reported, acetaldehyde as major

volatile antibiotics produced by Trichoderma spp. which

suppress several plant pathogens.

Pseudomonas f iuorescens antagonise Fusarium by

producing one or more metabolities that include antibiotics

(Fravel, 1988) Siderophores (Leong, 1986) and cyanide (Voisard

et al., 1989). In addition to these characters, they also act

as plant growth promoters (Surlow and Schroth, 1982).

The inhibition effect of Streptomyces spp., on F.

udum in agar plates may be attributed to production of

antifungal substances which might have diffused through the

agar medium.



Antagonists were evaluated by following poison food

technique against the F. udum . Maximum inhibition was observed

by Trichoderma viride ((87.03%), followed by T. harzianum

(85.40%).

Both the bacterial antagonists, Pseudomonas

fluorescens (81.87%) and Bacillus subtilis (72.23%) showed

antagonistic activity. Vasudeva (1949) noticed that B. subtilis

inhibited growth and spore germination and caused lysis of the

mycelium and germ tubes of F. udum. Sivamani and Gnanamaniclcam

(1988) reported that P. fluorescence exhibited in vitro

antibiosis towards isolates of F. oxysporum f. sp cubense.

Thus based on the studies of antagonistic

microorganisms, it can be concluded that, T. viride, T.

harzianum and P. fluorescence were effective against Fusarium

udum. In many instances, viridin which is easily converted to

viridiol is known to be phytotoxic (Howell and Stapanovic, 1984

;  Jones and Hancock, 1988). However the T. viride had no

adverse effect on pigeonpea seedlings as well as seed

germination. So it can be used as a biological agent for

management of F. udum seed treatment with antagonistic

organisms will help to check the incidence of the disease to a

greater extent.

Minimum per cent wilt was recorded by treating the

seed with T. viride, T. harzianum both showed 26.67 per cent



and 30.00 per cent wilt respectively. The effect of T. viride

might be due to direct attack and lysis of the mycelium. This

is in agreement with Gaur and Sharma (1991) and Kotasthane et

al. (1987). Efficient biocontrol of damping-off caused by

Rhizoctonia solani and Phythium spp., was achieved by treating

seeds of peas and radish with conidia of T. harzlanum (Harman

et al., 1989) and control of Fusarium crown rot of tomato by T.

harzlanum (Sivan et al., 1987). Brain (1951) identified

antagonistic substance as viridea in case of T. viride which is

toxic to many pathogens.

P. fluorescens shows 36.67 per cent wilt incidence,

which follows the Aspergillus spp., and peniciIlium sp., act

through antibiosis or as a competition of the pathogen at the

infection court and hence they decreased the disease intensity

(Baker and Cook, 1979). It is presumed that, such a mechanism

might have taken place in suppressing F. udum also. Seed

bacterization with P. fluorescens gave effective control of the

disease by producing siderophores which inhibit the pathogen.

Similar information was obtained by Laha et al. (1992) in case

of R. solani a causal agent of root rot of cotton.

Biocontrol agents were effective and they were

compatible with modern production practices, so that their use

can be integrated into the production system. In the present

study, two antagonists viz., Trlchoderma viride and T.

harzlanum were tested individually and in combination with two



fungicides viz., Carbendazim and Captan. In vitro results

showed antagonists were not affected by fungicides. Carbendazim

+ r. viride and Carbendazim + r. barzianum showed inhibition of

63.03 and 60.70 per cent respectively.

As per data 30.00 and 26-61 per cent plant were

affected by the seed treatment of T. barzianum + T. viride

respectively. However, only 16.67 and 20.00 per cent plants

were affected in the combination treatment of Carbendazim + T.

viride and Carbendazim + T. barzianum respectively. The

benefit of antagonists in the suppression of disease symptoms

has been widely reported (Baker and Cook, 1979 ; Papavizas and

Lumsden, 1980). The effect of integration of Tricboderma with

fungicides was also reported by Sharma et al. (1992) in

controlling Sclerotinia sclerotiorum and Singh and Tripathi

(1997) in the management of sclerotinia rot of sunflower.

These results are in agreement with Alagarswamy and

Sivaprakasam (1988).

In the present study, seed pelleting with T. viride

either alone or in combination with Carbendazim reduced the per

cent plant infection besides enhancing the growth. The change

in soil reaction that was expected due to the increased

activity of introduced Tricboderma might be one of the reasons

for reduction of the disease besides production of some growth

regulating substances by the antagonists (Papavizas and

Lumsden, 1980).
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Biological control through the use of antagonistic

microorganisms is a potential, non chemical means for plant

disease control by reducing the inoculum levels and activity of

the soil borne pathogens. Such a management would help in

preventing the pollution and also health hazards-

Future line of work

The present study has given an insight into the

different aspects of biological control of pigeonpea wilt and

has led to the following observations which may be looked into

in future.

1- Study of different ecological factors affecting survival of

F. udum and its application under field condition to combat

the disease.

2. Studies on the interaction of Vesicular Arbuscular

Mycorrhizae associated with pigeonpea and F. udu/n.

3. Effect of crop rotation and intercropping systems on

the population dynamics of F. udum.

4. Integrated management of the disease by employing

components of management practices under field conditions.





VX- SUMMARY

Pigeonpea, one of the most important pulse crops said

to be originated from Peninsular India. It is grown

commercially in India, South-East Asia, Africa and Central

America. Pigeonpea is known for its high nutritional values

(seed protein content 21%). It also fixes atmospheric nitrogen.

It ranks second after bengal gram and suffers from more than

100 diseases. Among them wilt is very important.

Pigeonpea wilt was first reported by Butler in 1910.

Later on Fusarium udum was proved to be the cause of wilt.

Considering the importance of the problem, investigations were

carried out on the management of pigeonpea wilt by employing

various methods viz., isolation of microorganism from pigeonpea

rhizosphere soil, effect of application of organic amendments,

effect of application of antagonists and their compatibility

effect with chemicals on F. udum.

Repeated tissue isolation was made from wilted

pigeonpea plants collected from Main Research Stationm UAS

Farm, Dharwad during kharif season revealed association of F.

udum with the wilted plants. The pure culture of F. udum was

obtained by hyphal tip isolation method. Pathogenecity test

revealed the symptoms caused by F. udum as loss of turgidity

in leaves, slight interveinal clearing. The foliage shows



slight chlorosis and becomes bright yellow before wilting.

Leaves were retained on plants, wilted plants after splitting

showed brown vascular discoloration. The pathogen was

identified as F. udum on the basis of major/principal

morphological characters.

The population of bacteria, fungi and actinomycetes

were higher in rhizosphere soil of healthy plants compared to

rhizosphere soil of wilted plants. From the rhizosphere soil

of healthy plants, Trichoderma viride Pers. ex. Fr.,

Aspergillus flavus Link., A. niger Van Tiegh., PeniciIlium

spp. were isolated and were found to be antagonistic to F.

udum- But rhizosphere soil of wilted plants comprise mainly

Fusarium udum (about 90% of fungal population).

There was no adverse effect on seed germination in

soil amended with neem cake, compost, FYM, groundnut oil cake

and non-amended soil. Among the various amendments tested, neem

cake was most effective in reducing the wilt incidence and also

per cent survival of the plants were higher and followed by

compost. These treatments were followed by FYM amended soils

and groundnut oil cake amended soils.

Efficacy of these amendments in reducing the

disease incidence was increased, if they were incorporated 15-

20 days before sowing of pigeonpea seeds



Among the antagonists evaluated in In Vitro

conditions, T. viride and T- harziannm over grew the test

fungus. Pseudomonas fluorescens Migula., and Streptomyces spp.,

produced 7.5 mm and 13.2 mm inhibition zone respectively. Per

cent inhibition was found to be more in T- viride (87.03%)

followed by r. harzianum, Pseudomonas fluorescens. Bacillus

subtilis.

The spore germination and viability reduced

significantly in interaction zone in comparison to the centre

of Fusarium colony. Minimum per cent spore germination recorded

in culture interacting with T. viride-

Seed treatment with antagonists reduced the wilt

incidence to a considerable extent by suppressing F. udum.

Among antagonistic organisms tested, T- viride, T. harzianum

and Pseudomonas fluorescens were effective as seed dresser. The

investigations indicated the possible role of biological

antagonism in suppression of wilt pathogen of pigeonpea.

In combined effect of antagonists and fungicides,

the results revealed that antagonists were not affected due to

fungicide treatment. T. viride and T. harzianum in combination

with Carbendazim reduced the growth of F. udum in Petriplates.

Under pot culture conditions the combined effect of

T. viride + Carbendazim reduced the wilt incidence to

considerable extent followed by T- viride + Captan, Carbendazim

+ T. harzianum and T. harzianum + Captan treatment.



m



VX T- REFERENCES

ADAMS, P.B., PAPAVIZAS, G.C. AND LEWIS, J.A., 1968, Survival of

root infecting fungi in soil. The effect of cellulose

amendment on chlamydospore germination of Fusarium solani

f- sp. phaseoli in soil. Phytopathology, 58 ! 373-377.

ALAGARSWAMY, G. AND SIVAPRAKASAM, K., 1988, Effect of

antagonists in combination with carbendazim against

Macrophomina phaseolina infection in cowpea. Journal of

Biological Control, 2 •. 123-125.

ALEXANDER, P., 1957, Etiology and control of Poinsettia root

and stem rot. Phytopathology, 47 : 1.

ANONYMOUS, 1995a, FAO production year book. Food and

Agricultural Organisation Publication, Rome, 49 : 115.

ANONYMOUS, 1995b, Report on Area, Production, Productivity and

Prices of Agricultural Crops in Karnataka , Directorate of

Economics and Statistics, Bangalore. P.21.

BAKER, K.F. AND COOK, R.J., 1979, Biological control of plant

pathogens, S. Chand and Co., New Delhi, P. 433.

BAKER, R., 1968, Mechanisms of biological control of soil borne

pathogens. Annual Review of Phytopathology, 6 : 263-294.



*BHALLA, H.S., 1966, Populations of Fusarium in soils amended

with oil cakes. M.Sc. (Agri.) Thesis, G-B. Pant. University

of Agriculture and Technology, Pantnagar, UP. India.

BOLLEN, G.I., 1979, Side effect of pesticides on microbial

interactions. In s Soil-Borne Plant Pathogens Ed.

SCHIPPERS, B. and GAMS, W., Academic Press, London P. 451.

BOOTH, C., 1971, The Genus Fusarium. Commonwealth Mycological

Institute, Kew, Surrey, England, P. 114.

BRAIN, P.W., 1951, Antibiotics produced by fungi. Botanical

Review, 17 : 357-430.

BUTLER, E.J., 1906, The wilt disease of pigeonpea and pepper.

Agricultural Journal of India, 1 : 25-36.

BUTLER, E.J., 1910, The wilt disease of pigeonpea. The wilt

disease of pigeonpea and the parasitism of Neocomospora

vasinfecta Smith. Memoirs Department of Agriculture in

India, (Botanical Section). 2 : 1-62.

BUTLER, E.J., 1918, Fungi and Diseases in plants. Thaker, Spink

Co., Calcutta PP. 244-251.

*CHANDRA, I., 1984, Studies on Damping-off of sugar beet caused

by Pythium aphanidermatum Fitz, Ph.D. Thesis, G.B. Pant

University of Agriculture and Technology, Pantnagar, UP,

India, P. 131.



CHARI, S.K.V-K., KANNAIYAN, J., NENE, Y.L. AND NUMN, E.W.,

1984, Technique to detect infection by Fusarium udum in

pigeonpea before symptom appearance. Tropical Agriculture,

61 : 257-260.

CHATTOPADHYAY, S.B. AND MUSTAFEE, T.P., 1980, Influene of

organic amendments on the growth of soil inhibiting fungal

pathogens. Indian Journal of Microbiology, 18 t 69.

*CHAUBE, H.S., 1968, Combating diseases of arhar and gram-

Indian Farmer's Digest, 1 : 26-27.

*CHAUHAN, S.K., 1963, Incidence of Fusarium wilt of gram in

oilcakes amended soils. Agra University Journal of

Research, 12 : 143-146.

COOK, R.J., 1977, Management of the associated microbiota. In t

Plant Disease. An Advanced Treatise., Eds. J.G. HORSFALL,

E-B. COWLING, I « 145-166, New York Academic Press. P.

465.

CURL, E.A., WIGGIND, E.A. AND ANDERS, S.C., 1976, Interaction

of Rhizoctonia solani and Trichoderma with PCNB and

herbicides affecting cotton seedlings diseases.

Proceedings of American Phytopathological Society, 3:221.

*DAHIYA, J.S., WOODS, D.L. AND TEWARI, J.P., 1988, Control of

Rhizoctonia solani, causal agent of brown girdling root

rot of rape seed by Pseudomonas f1uoreecens. Botanical

Bulletin of Academic Sciences, 29 : 135-141.



7-

74

*DASGUPTA, A. AND GUPTA, P.K-S., 1989, Effect of different

V  soil amendments on wilt of pigeonpea iCaJanus cajan (L.)

Hutch) caused by Fusarium udum Butler. Beitrage Zur

tropischen Land Wirtschaft and Veterarmedizin, 27 : 341-

345.

DENNIS, C. AND WEBSTER, T., 1971, Antagonistic properties of

species-groups of Trichoderma. I. Production of non

volatile antibiotics. Transaction of British Mycological

Society, 57 : 25-39.

DESHMUKH, P.P. AND RAUT, G.J., 1992, Antagonism by Trichoderma

spp. on five plant pathogenic fungi. New Agriculturist, 3

:  127-130.

FRAVEL, D.R., 1988, Role of antibiosis in the biocontrol of

plant diseases. Annual Review of Phytopathology, 26 : 75-

91.

*GARETT, S-D., 1956, Biology of Root Infecting Fungi.

Cambridge University Press. London and New York, P. 293.

GARETT, S.D., 1970, Pathogenic Root-Infecting Fungi.

Cambridge, Cambridge University Press, London, P. 294.

GAUR, V.K. AND SHARMA, L.C., 1991, Microorganisms antagonistic

>• to Fusarium udum Butler. Proceedings of the Indian

National Science, Academy Part B. Biological Sciences, 57

:  85-88.



*GODTFREDSEN, W.O. AND VANGEDAL, S., 1965, Trlchodermin, a new

sequiterpene antibiotic. Acta Chemical Scandinavica, 19 :

1088-1102.

GOYAL, M.K. AND MEHROTRA, R.S., 1979, Effect of chemical

amendments on the control of root rot of gram. Biological

Bulletin of India, 1 : 9-12.

GUPTA, M.C., 1986, Population dynamics of Fusarium species in

soil amended with carbonaceous and nitrogenous materials.

Indian Phytopathology, 39 : 253-258.

HARMAN, G.E., TAYLOR, A.G. AND STASZ, T.E., 1989, Combining

effective strains of Trichoderma harzianum and solid

matrix priming to improve biological seed treatments.

Plant Disease, 73 : 631-637.

HARTMAN, J.R. AND FLETCHER, J.T., 1991, Fusarium crown and root

rot of tomato in UK. Plant Pathology, 40 : 85-99.

HENIS, Y., GHATTAR, A. AND BAKER, R., 1978, Integrated control

of Rhizoctonia solani damping-off of radishseffect of

successive planting, PCNB and Trichoderma on pathogen and

disease. Phytopathology, 68 : 900-907.

HOWELL, C.R. AND STIPANOVIC, R.D., 1984, Phytotoxicity to crop

plants and herbicidal effects on weeds of viridiol

produced hy Gliocladium virens- Phytopathology, 74 t 1346-

1349.



HUBER, D.K. AND WATSON, R.D., 1970, Effect of organic

amendments on soil-borne plant pathogens. Phytopathology,

60 ! 22-26.

ISARLISCHVILI, S.Y.A., DZIDZARIYA, O.M. AND MOSULISHVILI, N;M.,

1968, The use of the fungus Trichoderma in the control of

fusariosis of East Indian Baril. Trudy Sukhum Opytnoi

Stantsii Eflrnomasi ■ Culture, 7 : 103-108.

JONES, R.w. AND HANCOCK, J.G., 1987, Conversion of viridin to

viridol by viridin-producing fungi. Canadian Journal of

Microbiology, 33 s 963-966.

*KAISER, S.A. AND GUPTA, P.K.S., 1977, Inhibition of wilt

symptoms by Fusarium oxysporum f. sp. udum in pigeonpea

{Cajanus cajan) Induced by other former special is of

Fusarium oxysporum. Phytopathologia Medi terranea. 16 j1-4.

KANNAIYAN, J. AND NENE, Y.L., 1981, Influence of wilt at

different growth stages on yield loss in pigeonpea.

Tropical Pest Management, 27 : 141.

KANNAIYAN, J., NENE, Y.L., REDDY, M.V., RYAN, J.G. AND RAJU,

T.N., 1984, Prevalance of pigeonpea diseases and

associated crop losses in Asia, Africa and America.

Tropical Pest Management, 30 t 62-71.

KAUR, N.P. AND MUKHOPADHYAY, A-N-, 1992, Integrated control of

chickpea wilt complex by Trichoderma and chemical methods

in India. Tropical Pest Management, 38 : 372-375.



KEMPF, H.J. AND WOLF, G., 1989, Erwinia herbicola as a bio-

control agent of Fusarium culmorum and Puccinia recondita

f. sp. tritici on wheat. Phytopathology, 79 : 990-994.

*KHAN, M.A.A. AND PRAKASH, D., 1987, Rhizosphere and rhizoplane

mycoflora of uninoculated and inoculated plants of

pigeonpea wilt Fusarium udum at varying age.

Fi topathologia Brasileria, 12 : 184-190.

KHANNA, R.N. AND SINGH, R.S., 1974, Rhizosphere populations of

Fusarium spp. in amended soils. Indian Phytopathology, 27

:  331-339.

KHUNE, N.N., 1990, Transmission studies of Fusarium udum

Butler in pigeonpea. Punjabrao Deshmukh Krishi Vidyapeeth

Research Journal, 14 : 213-214.

KOTASTHANE, S.R. AND AGARWAL, S.C., 1978, Chemical control of

pre emerge mortality of bengalgram. Pesticides, 12 s 34-35.

KOTASTHANE, S.R., OMGUPTA AND KHARE, M.N., 1987, Influence of

fungicidal seed treatment and soil amendment on the

development of Fusarium udum propagules in soil and

pigeonpea wilt- Indian Phytopathology, 40 : 197-200.

KULKARNI, S.A., 1992, Studies on collar rot of groundnut caused

by Sclerotium rolfsii Sacc- M.Sc (Agri) Thesis, University

of Agricultural Sciences, Dharwad, P. 110.



KUSTER, E. AND WILLIAMS/ S.T., 1966; Selection of medium for

isolation of Streptomyces. Nature. 202 : 928-929.

LAHA, G.S., SINGH, R.P. AND VERMA, J.P., 1992, Biocontrol of

Rhizoctonia solani in cotton by Fluorescent Pseudomonad.

Indian Phytopathology, 45 j 412-415.

LAKSHMANAN, P. AND NAIR, M.C., 1984, Effect of soil amendments

on the viability of Sclerotia of Rhizoctonia solani in

soil. Madras Agricultural Journal, 71 ; 526-529.

LANGERAK, C.J., 1977, The role of antagonists in the chemical

control of Fusarium oxysporum f. sp. narcissi. Nether land

Journal of Plant Pathology, 1 .- 365.

LEONG, J., 1986, Siderophores their biochemistry and possible

role in the biocontrol of plant pathogens. Annual Review

of Phytopathology, 24 : 187-209.

LUMSDEN, R.D., 1980, Hyperparasitism for the control of plant

pathogens : In Hand book of Agriculture, Section B, Pest

Management, Vol. I. West Palm Beach, Florida. CRC Press.

MAHALINGA, D.M., 1982, Studies on grain mouldiness and stalk

rot of sorghum caused by species of Fusarium. M.Sc (Agri)

Thesis, University of Agricultural Sciences, Bangalore,

P. 117.



MAHMOOD, M., 1964, Factors governing the production of

antibiotic bulbiformin and its use in the control of

pigeonpea wilt. Science and Culture, 30 : 352.

MARTIN, J.P., 1950, Effects of fumigation and other soil

treatments in the green house on the fungus population of

old citrus soil. Soil Science, 69 : 109-122.

*MILLAF.D, W.A., 1921, Report Universitvjof Leads and Yorks Ed.

118. pp. 8-20.

MOHANTY, U.N., 1946, The wilt disease of pigeonpea (Cajanus

cajan (L.) Mi lisp.) with special reference to the

distribution of the causal organism in the host tissue.

Indian Journal of Agricultural Sciences, 16 : 379-390.

*MOON, B.J., CHUNG, M.S. ANDCHO, C.T., 1988, Studies on

antagonism of Trichoderma spp. to Fusarium oxysporum f.

sp. fragariae. I. Isolation, identification and

antagonistic properties of Trichoderma spp. Korean Journal

of Plant Pathology, 4 : 111-123.

*MORSHED, M.S., 1985, In-vitro antagonism of different species

of Trichoderma on some seed borne fungi of bean.

Bangaladesh Journal of Botany, 14 : 119-126.



MUKHOPADHYAY, A.N. AND CHATURVEDI, C., 1986, Biological

control of damping-off by Trichoderma harzianum, in

Proceedings of Annual Meeting Society of Mycology and

Plant Pathology, Coimbatore, India.

MUKHOPADHYAYA, A.N., KAUR, N. AND SAXENA, H.C., 1989,

Biological control of soil borne diseases of chickpea and

lentil. Indian Phytopathology, 42 : 315.

NARGUND, V.B., 1981, Studies on foot rot of wheat caused by S.

rolfsii Sacc. in Karnataka M.Sc (Agri) Thesis, University

of Agricultural Sciences, Bangalore, P. 112.

NENE, Y.L., KANNAIYAN, J., HAWARE, M.P. AND REDDY, M.V., 1980,

Review of the work done at ICRISAT on soil-borne diseases

of pigeonpea and chickpea. Proceedings of the consultants'

Group discussion on the resistance to soil-borne Dieases

of Legumes, 8-11 January 1979, Patancheru, A.P., India, P.

3-47.

NENE, Y.L., KANNAIYAN, J., REDDY, M.V., ZOTE, K.K., MAHMOOD,

M., HIREMATH, R.V., SHUKLA, P., KOTASTANE, S.R., SENGUPTA,

K., JHA, P.K., HAQUE, M.F., GREWAL, J.S. AND MAHENDRAPAL,

1989, Multilocational testing of pigeonpea for broad based

resistance to Fusarium wilt in India. Indian

Phytopathology, 42 : 449-453.



NENE, Y.L. AND SHEILA, V.K., 1990, Pigeonpea s Geography and

importance. In j The pigeonpea Ed. NENE, Y.L., SUSAN, D.H

AND SHEILA, V.K., Centre for Agricultural and Bio-Science

International, International Crop Research Institute for

Semi-Arid Tropics. Patancheru, Andra Pradesh, PP. 1-14.

PADWICK, G.W., 1940, The genus Fusarium. Fusarium udum Butler,

F. vasinfectum Atk. and F. lateritium Nees var. unainatum

wr. Indian Journal of Agricultural Sciences, 10 t 863-878.

PAPAVIZAS, G.C., 1973, Status of applied biological control of

soil-borne plant pathogens. Soil Biology and Biochemistry,

5  : 709.

PAPAVIZAS, G.C., 1985, Trichoderma and Gliocladium : Biology

Ecology and Potential for biocontrol. Annual Review of

Phytopathology, 23 : 23-54.

PAPAVIZAS, G.C. AND DAVEY, C.B., 1960, Rhizoctonia disease of

bean as affected by decomposing green plant materials and

associated microfloras. Phytopathology, 50 : 516-521.

PAPAVIZAS, G.C. AND LUMSDEN, R.D., 1980, Biological control of

soil borne fungal propagules. Annual Review of

Phytopathology, 18 s 389-413.

PATEL, S.T., 1991, Studies on some aspects of wilt of chickpea

Unpublished Ph.D. Thesis submitted to University of

Agricultural Sciences, Dharwad.



PATIL, G.D., 1993, Biological control of root rot of cowpea.

M.Sc (Agri) Thesis, University of Agricultural Sciences,

Dharwad PP. 94-97.

PODILE, A.R. AND DUBE, H.C., 1985, Effect of Bacillus subtilis

on the growth of vascular wilt fungi. Current Science, 54

:  1282-1283.

PUNJA, Z.K., 1985, The biology, ecology and the control of S.

rolfsii. Annual Review of Phytopathology, 23 s 97-127.

PYKE, T.R. AND DIETZ, A., 1960, U-21-963, a new antibiotic I.

Discovery and biological activity. Applied Microbiology,

14 ! 506-510.

RAJENDRA, M.M. AND PATIL, P.L., 1993, A study of Fusarium wilt

pathogen of pigeonpea. Journal of Maharashtra Agricultural

Universities, 18 t 123-124.

RAMANAMMA, C., BHARATHI, G. AND SREERAMULU, A., 1994, Paddy

rhizosphere bacterium inhibiting rice plant pathogens.

Journal of Ecotoxicology and Environmental Monitoring, 4 ;

65-69.

SAKTHIVEL, N-, SIVAMANI, E., UNNAMALAI, N. AND GNANAMANICKAM,

S.S., 1986, Plant growth promoting rhizobacteria in

enhancing plant and suppressing plant pathogens. Current

Science, 55 : 2-25.



SANFORD, G.B., 1926, Some factors affecting the pathogenicity

of Actinomyces scabies. Phytopathology, 16 : 525-547.

SATYANARAYANA, G. AND KALANASUNDARUM, R., 1952, Soil conditions

and root diseases V. Symptomatology of wilted cotton and

redgrara. Proceedings of Indian Academy of Sciences

(Section B.), 36 ! 54-58.

SCHER, F.M. AND BAKER, R., 1982, Effect of Pseudomonas putida

and a synthetic iron chelator on induction of soil

suppressiveness to Fusarium wi 11 pathogens.

Phytopathology, 72 : 1567-1573.

SEN, B., MUKERJEE, K., CHATTAPADHYAY, C., PATIBANDA, A.K. AND

SHARMA, J., 1995, Aspergillus niger, a potential

biocontrol agent for soil borne plant pathogens. Abstract

in Global conference on Advances in Research on Plant

Diseases and their Management, 12-17 February, 1995,

Udaipur, India.

SHAIK, I., AND NUSRATH, M., 1987, Varietal variation in the

rhizosphere and rhizoplane mycoflora of Cajanus cajan (L.)

Millsp. with special reference to wilt disease. Indian

Journal of Botany, 10 : 126-129.

SHARMA, B.K., SINGH, B.M. AND SUGHA, S.K., 1992, Integrated

effect of biological and chemical control on sclerotial

viability of Sclerotinia sclerotiorum (Lib.) de Bary.

Journal of Biological Control, 6 29-34.



SHELDRAKE, A.R., NARAYANAN, A. AND KANNAIYAN, 1978, Some

effects of the physiological state of pigeonpeas on the

incidence of the wilt disease. Tropical Grain Legims

Bulletin, 11/12 : 24-25.

SIMEONI, A., LINDSAY, W.L. AND BAKER, R., 1987, Critical iron

levels associated with biological control of Fusarium

wilt. Phytopathology, 77 : 1057-1061.

SINGAL, v., 1995, Handbook of Indian Agriculture, Vikas

Publishing House Pvt. Ltd, New Delhi, 14:10.

SINGH, N. AND SINGH, R.S., 1980, Inhibition of Fuearium

oxysporum f. sp. udum by soil bacteria. Indian

Phytopathology, 33 : 356-357.

SINGH, N. AND SINGH, R.S., 1982, Effect of oil cake amended

soil atmosphere on pigeonpea wilt pathogen. Indian

Phytopathology, 35 : 300-305.

SINGH, N. AND SINGH, R.S., 1985, Inhibition of Fusarium udum

(pigeonpea wilt pathogen) by ether distillate of margosa

cake amended soil. Indian Journal of Mycology and Plant

Pathology, 13 ; 329-330.

SINGH, R.S., 1983, Organic amendments for root disease control

through management of soil microbiota and the host. Indian

Journal of Mycology and Plant Pathology, 13 : 1-16.



SINGH, R.S. AND SINGH, N-, 1970, Effect of oil cake amendment

of soil on population of some wilt causing species of

Fusarium. Phytopathology, 26 : 160-167.

SINGH, R. AND TRIPATHI, N.N., 1997, Management of Sclerotinia

rot of sunflower by integration of cultural, chemical and

biological methods. Journal of Mycology and Plant-

Pathology, 27 : 67-70.

SIVAMANI, E. AND GNANAMANICKAM, S.S., 1988, Biological control

of Fusarium oxysporum f. sp. cubense in banana by

inoculation with Pseudomonas fluorescens. Plant and Soil,

107 : 3-9.

SIVAN, A. AND CHET, I., 1986, Biological control of Fusarium

spp. in cotton, wheat and muskmelon by Tri choderma

harzianum. Journal of Phytopathology, 166 : 39-47.

SIVAN, A., UCKO, 0. AND CHET, I., 1987, Biological control of

Fusarium crown rot of tomato by Trichoderma harzi

under field conditions. Plant Disese, 71 : 587-592.

anum

*SRIVASTAVA, U.S., 1961, Effect of soil conditions in relation

to wilt of coriander. Ph.D. Thesis, Rajasthan University,

Jaipur.



SRIVASTAVA, V.S. AND SINHA, S., 1971, Effect of various soil

amendments on the wilt of coriander (Coriandrum sativum

L.). Indian Journal of Agricultural Sciences, 41 j 779-

SUBRAMANIAN, S., 1963, Fusarium wilt of pigeonpea- Proceedings

of Indian Academy of Sciences, (Section B). 57 : 134-148.

SUDHIR CHANDRA, RAIZADA, M- AND KHANNA, K.K., 1981, Effect of

organic amendments on the rhizosphere microflora of

tomato. Proceedings of Indian Academy of Sciences,

(Section B). 90 : 189-197.

SURLOW, T.V. AND SCHROTH, M.N., 1982, Role of deleterious

Rhizobacteria as minor pathogens in reducing crop growth.

Phytopathology, 72 : 111-115.

TUITE, J., 1969, Plant Pathology Methods. Fungi and Bacteria

Burgess Publishing Co, Minneapolis, St. Paul Minnesota,

USA, P. 239.

UPADHYAY, R.S. AND RAI, B., 1982, Ecology of Fusarium udum

causing wilt disease of pigeonpea : population dynamics

in the root region. Transactions of the British

Mycological Society, 78 : 209-220.



*UPADHYAY, R.S. AND RAI, B., 1988, Biological control of

Fusarium udum causing wilt disease of pigeonpea. In s

Abstracts of papers. 5tb International Congress of Plant

Pathology, Kyoto, Japan, 20-27 Aug. 1988, PP. 189.

VASTRAD, S.M., 1994, Studies on pigeonpea {Cajanus cajan (L.)

Mi lisp) wilt (Fusarium udum Butler.) in Karnataka. M.Sc

(Agri.) Thesis. University of Agricultural Sciences,

Dharwad, P.81.

VASUDEVA, R.S., 1949, Soil borne plant diseases and their

control. Current Science, 18 : 114-115.

VASUDEVA, R.S. AND ROY, T.C., 1950, The effect of associated

soil microflora on Fusarium udum Butler, the fungus

causing wilt of pigeonpea (Cajanus cajan (L.) Mi lisp.)

Annals of Applied Biology, 37 : 169-178.

VASUDEVA, R.S., SINGH, G-P. AND lYENGAR, M.R.S., 1962,

Biological activity of bulbiformin in soil. Annals of

Applied Biology, 50 : 113-119.

VIDYASHEKARAN, P. AND MUTHAMILAN, M., 1995, Development of

formulations of Pseudomonas fluorescens for control of

chickpea wilt. Plant Disease, 79 : 782-786-

VOISARD, C., KEEL, C., HAAS, D. AND DEFAGO, G., 1989, Cyanide

production by Pseudomonas fluorescens, help suppress black

root rot of tobacco under gnotobiotic conditions. European

Molecular Biology Organisat ion Journal, 8 : 351-358.



88

VOLAND, R.P. and EPSTEIN, A.M., 1994, Development of

suppressiveness to disease caused by Shlzoctonia solani in

soils amended with composted and non composted manure.

Plant Disease, 78 ; 461-466.

VYAS, R.K. and PATHAK, V.N., 1995, Management of AspergUIus
rot of mango fruits. Abstracts In : Global Conference on

Advances in Research on Plant Diseases and their

Management, 12-17 February, 1995, Udalpur, Rajasthan,
India.

WOLLENWEBER, H.W. AND REINKING, 0.A., 1935, Die Fusarlenlhre

Beschrelbung, Schadwlrkung and Bakemfung Panl Parey,
Berllng, p. 335.

ZAKARIA, M.A. AND LOCKWOOD, J.L., 1980, Reduction In Fasarlum

population in soil by oil seed meal amendments.

Phytopathology, 70 i 240-243.

Original not seen



tt rns.S'to'Ii i Ui??r:o3j
^•.•:d:-65

1 9 AUli 19^8

*»o'7%. 493»

'fV-? I;


