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1. INTRODUCTION

The coconut pélm,ggggg nucifera Linn, is one of the
most beautiful trees in the world. It is grown in all

the tropical countries. Harries (1979) rightly called
it as 'the milk bottle on the door step of mankind';

Each and every part of coconut palm is useful to man

B oneway or another. It is no ucnder-then that the palm

~1s looked upon with reverence and affection by the

inhabitants of the coconut Producing countries and given
such eulogistic epithets such as "Kalpa Vriksha (Tree of

Heaven)", "Tree of Life" etc,

like all other crop plants, the coconut palm, in
spite of its hardy nature is affected by a number of

diseases which are responsible for enormous economic

losses in the different coconut growing fegions. 'Stem

bleeding disease' is one such disease of coconut reported

" from all the tropical countries where coconut is grown.

The disease is popularly known as "Chennir Olikkal" or
"Kara Olikkal" in Malayalam "Relktha Kariroga" in Kannada,
"Saruozhughalnoi" in Tamil and "lekkaragadum" in Telugu,
The disease is found in all soil types and through out

‘the Year. All varieties of coconut are susceptible to

the disease.



The disease was till recently grouped under diseases of
uncertain etiology. Ihielaviopslis paradoxa (de Seynes) von
Hohnel has been a suscepted pathogen till now (Ohler, 1984).
Recently Nambiar ek al.(1986) could establish pathogenicity
with the above fung'us.;

The damages due to the disease are both direct and
indirect. The palm will not die swuddenly due to the disease,
but gradually the vigour of the palm will be reduced with a
gradual reduction in yield. After a few years the palm will
succunb to the disease. Hence it becomes difficult to assess
‘the crop loss due to this disease especially in the early and
middle stagés of the disease. The general recommendation for
the control of the dlsease is to apply coal tar to the afiected
bark region after chiselling the affected bark tissues. This
temporarily arrests the progression of the disease in the
diseased palm. FRoot feeding with systemic fungicides like
Bavistin, Calixin etc. is being tested at Central Plantation
Crops Research Instifute, Kasaragod with a view to controlling
the disease. But this has its own implications since such
irequent administrations of systemic chemicals may lead to
residue problems in the nut water and kernel used for human
consunption. The disease can be managed to an extent by
phytosanitation, providing proper drainage in the garden,
alleviating so0il moisture stress in the basins of coconut palnm,
supplying adequate and balanced fertilizers along with neem=-o0il
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cake to the palm basin etc. However, the above measures
do not help in completely curing the disease.

I. paradoxa is a slow and a weak pathogen. Earlier

workers (Anon, 1976) had reported the presence of other

fungi viz. Aspergillus sp., Diblodia sp., Fusariwm sp.,
Mucor sp., Penicillium sp., Baizoctonia sp., Trichoderma
sp. etc. from bark and/or soil Samples of stem bleeding
affected palms. There is no report on the effect of these
associated fungi on the pathogen viz, I. paradoxa. Hence
1g_v1§;g_st§dies on the interaction of the fungi isolated

from tissues and soils with I. paradoxa was taken up, with
a view to mainly isolating mycoflora antagonistic ta the
pathogen. Such antagonistic fungi may be useful in evolving
biological control measures against the stem bleeding
pathogen. The studies envisage in isolating the strainal
variations in the pathogen and finding out the reaction
of the associated fungl against thesé pathogenic isolates,
No work has been done on these aspects and to fill in this

lacuna this work was taken upe.



2. REVIEW OF LITERATURE

2.1 Digeage occurrence

Stem bleeding disease of coconut was first reported
from Sri lanka (Petch, 1906). There are many types of
stem bleeding disease in coconut, Ill-drainage in the
garden, soil moisture stress, hard pan formation in soil,
1mbalan§ed nutrition leading to physiological disorders,
excessiie salinity of soil, stem injury, lightning injury
etc. may lead to stem bleeding disease of coconut or
predispose the palms to infection by pathogens. . The
present study is related to stem bleeding disease caused

by Thielgviopsis paradoxa and as such the review of
literature deals mainly on this aspect only,

Sundararaman (1922) reported stem bleeding disease
of coconut from India, Now the disease is known to oceur
in nearly all coconut growing countries.l The disease has
now been reported from the Philippines (Lee, 1922),
Malaysia (Sharples, 1923), Andaman Islands Mitra, 1929)
Trinidad (Briton;Jones,.19h0). Papua New Guinea (Dwyer,
1953), Fijt (Mc.Paul, 1962) and Indonesia (Renard 31'31.
1984). lenon and Pandalai (1960) considered T, paradoxa
88 a suspected pathogen of the disease.
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The disease is found 1&_&11 80il types from coastal sands
to laterite. It may occur sporadically in isolated palms or
gardens or endemically in certaln areas. Although mainly
occurring in coastal saﬁdy loams and reclaimed clay soils,
stem bleeding has also been found to occur in shallow laterite
and loamy inland soils where a hard pan of clay or granite has

been noticed. The extent of damage varies from reduction in
i3 yield to complete death of the palms (Radha, 1962). Gapasin
(1983) reported that the disease could decrease the yield and
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kill the trees in:the Philippines.
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The symptoms have been described by various workers (Petch,
1908 , Sundararaman, 1922; Lee, 1922; Sharples, 1923; Mitra,
1929; Briton-Jones, 1940; Salgado, 1942; Dwyer, 1953; Menon and
Pandalai, 1960; Goberdhan, 1961; Radha, 1962; Mc Paul, 1962;
Thanpan, 1984; ©hler, 1984; Renard et gl.,1984). The typical
symptom of the disease is the exudation of a reddish brown
liquid through cracks on the trunk, but more towards the base.
In the early stage, bleeding occursg only through one or two
longitudinal growth cracks at the base. later it appears higher
up on the stem., Inp very severe caées, the exudation may extend
upto the crown. On drying, the liquid turns black, The irregular
streaks of exudation may coalesce to form larger lesions. The
tissues inside the lesions show discolouration and decay. The
external symptoms need not reflect the extent of interﬁal damage
(Namb;ar et g;.,1985J. The internal decay often extends beyond
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fhe external lesion size. With age, the decayed tissues become
fibrous and cavities are formed, especially in young palms. A
clear liquid gushes out when the bark is pressed or punctured
with a knife, especialfy after the monsoon season (Radha, 1962).

On chiselling the affected portion, it is szeen thet the
decay is confined to the bark and underlying tissues, but seldom
~ enters deep inside the‘core. However, in cooler conditions and
also in young palms, it has been noticed that the decay can
~ reach the deep lying tissues (Nambiar gt _al.1985). Infestation
of stem borers like Djocalandra and Xyleborug has been found to
accentuate the demage.to vasculature causing rapid deterioration

of the palm(Radha, 1962).

| As a result of stem decay, the crown nature also changes.
:}The leaves in the outer whorl become yellow rather prematurely,
 droop and dry up. The production of bunches is affected followed
{?by nutfall especially in palms exposed to drought conditions.

- The trunk gradually tapers at the apex and crown size reduces,

- The production of nuts dwindles and ultimately fhe palm dies
;(Ohler, 1984). The crown symptoﬁs are more pronounced during
‘summer season when moisture stress is experienced while 1n rainy
%aeason as well as in well managed irrigated gardens, crown

. synptoms are not conspicuous always(Nambiar, personal communi-

cation).
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Petch (1908) reported Thielaviopsis paradoxa (de Seynes)
von Hohnel as a weak pathogen entering the stem tissueqkhrough
@punds or growth cracys occurring naturally on the coconut \
trunk. The perfect stage of the fungus, Ceratocvstis paradoxa
has been found to occur on the decaying tissues (Nambiar,
personal communication). Though this fungus has till now been
a suspect pathogen (Menon and Pandalai, 1960, Ohler, 1984),

i; it was only recently that symptoms could be reproduced by
h;ﬁ inoculating healthy trees with the fungus, thus establishing

its pathogenici?y (Nambiar et g;.,1986). At Kayangulam, in

addition to I. paradoxa, Fhomopsis cegoina and Schizophvllum
commune also produced stem bleeding symptoms on inoculation to

».. healthy palms.(Anon, 1987).

There are other types of stem bleeding, reported to be caused

?;'either by nutrient imbalance or deficiency (Potty and Radhakrishnay
5 1978; Renard gt al,, 1984; von Uexkull, 1985) or excessive
3'salinity of soil (Nagarajan, 1985), or trash burning (Goberdhan,
1961; La Broma, 1973), or lightning (Nambiar, personal communica-

- tlon) or Ganoderma lucidum infection (Vijayan and Natarajen, 1972)

etc. However, stem bleeding disease due to I. paradoxa is preval-
ent in most of the coconut growing areas.
Digeage le:

I. paradoxa entering the stenm tissuegthrough the growth
cracks (Petch, 1906) multiplies in the infected stem tissues
and produces two types of spores viz, Phialospores {endoconidia)
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and chlamydospofes. The chlamydospores are able to survive

in soil to tide over unfavourable conditions. They again
germinate producing the mycelium which is capable of infecting
the host. The fungusihas a variety of plant species as hosts
- viz., coconut, arecanut, sugarcane, pineapple etc,

2.5, Predisposing factors:

Various factors iike developmefit of growth cracks, 1ll-
drainage, soil-moistupe stress, hard pan formation in solil,
imbalanced nutrition leading to physiological disorders,
excessive salin;ty of-soil, stem injury etc. have been reported
as the predispoéing factors responsible for the incidence of
stem bleeding disease gn coconut., longitudinal growth cracks
seen on the stem may be the sites through which the weak pathogen,
I. pargdoxa enters the stem tissue(Petch, 1908). Heavy rains
following an extensive dry period cause the development of more
growth cracks. Sudden heavy manuring could cause more growth
cracks in coconut palms leading to stem bleeding (Briton-Jones,
1940). Undue fluctuations in soil reaction and moisture or
11l-drained soil conditions could cause severe stem bleeding and
death of palams (Radha, 1962). Salgado (1942) reported that.
ill-drainage and hard lateritic pan formation led to crippled
root growth, imbalanced mineral autrition or other physiological
causes in the palus. Goberdhan (1961) and La Broma(1973)

reported that trash burging at the palm bagse damaged the stem,
paving way for infection,




. Based on the results of a fertilizer trial, Potty and
Radhakrishnan (1978) reported that application of nitrogen
at the rate of 0.35 kg/palm reduced the infection by
44 percent, though further increase in the dose did not
have any impacf on the incidence. They also found that
increased levels of Phosphorus and Potassium tended to increase
the incidence of the disease though the effect was of very low
magnitude in case of Potassium. A ratio of 1:4 between N and
P and 1:2 between N'and K was found to minimize the occurrence
of the disease. It was concluded that an increase in the
phosphorus content without é concomitant increase in other
nutrients, particulafly nitrogen, proved to be the primary
cause of the disease, the imbalanced nutrient situation
disrupting the physiological system offthe palm. However,
Mathew and Ramanand (1980) could not find any significant
difference in major nutrient content$between healthy and
- diseased palm nor in soil pH and electrical conductivity of

501l which 1s an indirect measure of water soluble salts,

Renard gt al.(1984) reported that the disease incidence
could be prevented if Chlorine deficiency was corrected.‘ von
Uexkull (1985) found that the deficiency of Chlorine was a
predisposing factor for stem bleeding disease since it played
an important role in the water relation of the coconut palms.,
It was reported that Chlorine had a role in the stomatal
mechanism of transpiration. Nagarajan (1985) reported that



2.6,

19

excessive salinity of soil with high sodium during summer

paved way for the bleeding disease of coconut,

Stem inJjury due to stem borers, fed palm weevil or any
other damage to the tree during tilling the garden etc. may
also aid in hastening infection process by the fungl result=-
ing in decaying of the affected tissues, characteristic of
stem bieeding disease. Lightning injury also caused stem
bleeding of the affected palms. Llater pathogen enters the
trunk through the weakened tissues {(Menon and Pandalai, 1960),

Management of the disease.

The control measures now recommended are very ad hog.
This involves phytosanitation, balanced nutrient supply,
maintaining the soil moisture status, fungicide treatment
etc. When the disease is diagnosed in the early stages,
the infected lesions are chiselled off to remove all decayed
tissueé. The chiselled portion is then protected by appli=-
cation of hot coal tar or 10 percent Bordeaux paste. The

chiselled tissues should be destroyed by burning to prevent
the spread of the disease to other healthy palms(Radha, 1962).

When stem bleeding occurs in water logged areas, the
important cultural practices to be adopted is the provision
for good drainage in the garden. In areas where drought is

prevalent, appropriate agronomic practices like intercultivation,
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3; mulching etc. are found hélpful. Thus growing of leguminoug cover
| crbps which when alloﬁed to trail along the ground reduces soil
3 temperature to a great extent and prevents soil moisture stress
thereby helping the c;conut palm to tide over the drought season.
'{ Incorporation of green manure is found beneficial in improving

soil texture in addition to its manurial value (Radha 1962).

Root feeding of the diseased palms in the early to middle
stages, with systemic fungicides like Bavistin hag been found

effective in reducing the disease (Nambiar, personal communication

.7+ Blological control of plant disessesd:

Biological control through induction of antagonists to
the soil was first attempted by Hartley in 1921 against damping
off of coniferous seedlings. Later Millard and Taylor (1927)
f?rused this technique against common scab of potato, and Sanford
. and Broadfoot (1931) against take-all of wheat. Since then

there are many reports of biological control of plant diseases

i using antagonistic microorganisms,
;7.1 Bjological control by bacteria:
| Common scab of potato caused by Streptomvces scabies

was found to be controlled by Bacillus ayhjilia(Labruyere, 1971).
Labruyere(1971) found that when green soybean plants were

¥
g
;; incorporated into soil before planting potato, it favoured

: antibiotic production by Bagillus Subtilis which inturn
inhibited multiplication of the potatoscab pathogen. Bacillus

Subtilis was also reported for the biological control of
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. Rhizoctonia solani causing damping off of chiily seedlings
:-LBroadbent et al., 1971), Sinha and Basu (1977) reported the
control of sorghun anthracnose due to Colletotricum graminicola

by Streptomyces ggggxgiggﬁ. Spraying the spore suspension of
S. gaumycicus on sorghum plants at the tiae of inoculation with

e
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C. graginidola or one week earlier reduced disease development

by 64.44 percent and 82.24 percent respectively., The corres-

S S

ponding reductigns were 70 percent and 87.77 percent when
culture filtrate of the antagonist was used. Applications

one week after inoculation gave only 33,32 perqent reduction,

T Y e T T B

Gupta - and DixitA(1982) reported the seasonal vaggiions in the
- sopulations of Solletotricum capsici and its antagonist,
Streptomyvces griseus on the surface of chilli {Capgicum sp.).
‘When S. grigeug populations were high, C. capsici fruit rot

. did not develop in the field. Agrobacterium radjobacter
- pathovar radjobacter was found to be effective in controlling

égggggag;g;lgm radiobacter patiovar tumefacieng causing crown

?gall of a wide range of woody and herbaceous plants (Kerr,
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1980; Cooksey and Moore, 1982). Bare-root nursery stock or

- seed was inoculated with A. radiobacter pathovar radiobacter to
 control the pathogen. (Kerr, 1980, Cooksey and Moore, 1962).

2.7.2 Biological control bv fung:
2.7.2.1 Penicillim

T I WDV e g T M, X

Lee and Wu (1979) studied the in vitro siGostsees
;; effects of Penicilliug sp. and reported the production of
: some antibiotic substances inhibitéry to the growth of
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Sclerotinia sclerotiorum. Utkhede and Rahe {(1980) reported the
production of antibiotics by Peaicillium nigricans in culture,

antagonistic to the growth of Sclerotium cepivomm causing

white rot of onion. ‘But when evaluated as seed treatment in

the field, this did not protect the plant from infection.
Melgarejo and Sagasta (1986) observed the degeneration of the
nyphae of Mopilinia laxa by Penicillium purpurogenum in dual
culture. The interaction was discussed in relation to the
possible biological éontrol of M. laxa. vebber and Hedger

(1986) reported the in vitro antagonistic effect of Penicilliym SF

against Cgratocvstis ulmi.

Kharchenko et al. (1977) studied the effect of culture
1iquids of Penicillium impilicatum and other species of

Penicilliun on infection of barley by srvaiphe sraminds.
Powdery aildew of barley by E. graminls was reduced by the

treatment of barley plants with the culture ligquids of
Penicillium sp. without affecting plant growth. Nikitina ¢t al.
(1977) investigated thereffect of culture liquids of Penicillium
sp. on the growfh development and infection of maize by
Ugtilago mavdis. Antibiotics from these fungi caused degene-
ration and disintegration of the pathogen. Fedoseeva gt al.
(1979) reported that presowing treatment of oats, millet,

barley and wheat with Penicilljuym sp.. viz. E. bilad,

P. cyclopium, EB. implicatyn and P. partensii had a favourable
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effect on the growth, development and disease resistance.
Two applications of E. implicatum to barley roots reduced the
incidence of EIXﬁiDhE Erapinls f. sp. hordii 2-5 times.Frias Trevinox

and Garci
Ahspinosa ?%961) reported Pepicilliup sp. as antagonistic to

Phyvtophthora palmivora (Butl.) causing black rot of cacao pods.
_ﬁpplication of conidial suspension of Penicillium sp. around
the tree base and on -the stump upto 1.8 meters delayed the
initiation of the disease by 30 days. Pod rot incidence was
reduced bi upto 84 percent due to this treatment. Melgarejo
et al.(1985) studied the variation of fungal population on
peach twigs and flowers at different times of the year. They

found Penicillium chrvsogepus, P. frequentans and P. purpurozemm
inhibiting the growth of Monilinia Jaxa on twigs and flowers.

2474242 Agpergillus sp.

Bora (1977) tested in vitro effects of Aspergillus piger
1solated from soil against Fusarium solani, Alternaria alierpata
and Rudzogtonia solani from egg plant. A. piger showed the

. greatest antagonism which was confirmed with in vivp tests on

€gg plant seedlings. Gokulapalam and Nair (1984) studied the

antagonistic effect of A, figer on Rhizoctonia solany causing
rice sheath blight and found that A, alger was antagonistic to

the pathogen ip yitro. Venkatasubbaish and Safeeulla (1984)

.. studied the interaction of A. niger with Rhizoctonia Solani,

the incitant of collar rot of coffee seedlings. A, aiger
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hypherparasitised K. golani completely in dual culture.
Seed treatment with.ﬂ{ piger significantly reduced disease

incidence,

Bailey and Garcia (1978) reported the inhibition of

sporulation of Phxtgpgtggrg kalmivors from cacao pods by
Aspergillus flavives, A, :lnxua:grngg and 4. terreug,

Frias Trevinoo and Garcia Epsinosa (1981) reported that
application of conidial suspension of A. terreug around the
tree base and ‘on the stump upto 1.8 meters delayed the ini-
tiation of black rot of cacao pods due to Fhvtophthora
palpivora by 3Q days. Melgarejo et al, (1985) found

A. flavug inhibiting the growth of Mopnildinia laxa on peach
twigs and flowers.

2.7.2.3 Trichoderma sp.

Mirzabaev (1977) reported that the application of
‘_zigngdgxmg_sp. with glauconite sand to cotton flelda after
three and four year monoculture decreased infection by
Verticillium dahliae and increased yield of raw cotton.
Tronsmo (1981) obtained biological control of Botrvtis
cinerea on strawbemvénd apple by spfaying flowers with a
conidial suspension of Irichoderng sp. in field experiments
Sut satiafactory control was not obtained every year, Elad

et al. (1982) reported the control of Rhizoctonia solani



in cotton by seed coating with _m_g_m_g Sp. spores.
In the field experiments reduction in disease severity of

cotton was 47-60% equalling that obtained with PCNB

(Quintazene) fungicide.

Trichodema hamatup:

Trichoderma hamatum was reported to control Pythiun

ultimum caésing damping off of seedlings of different crops
(Leach, 191;7; Baker, 1957; Olsén, 1964; Waterhouse, 1968;
Chet and Baker, .1980; Harman gt gl1.,1980). Inoculation of
pea and radish seed or infestation of soil with I. hamatum
helped in protection against. P. ultigun. Bisiach et al.
(1985) reported the reduction of incidence of Botrvtis
ginerea on grape in the field by 4 to 6 applications of
conidial suspension of T. hamatum from flowering time,

The effect varjed greatly with weather conditions, cultivar

and vineyard,

Lrichoderma harzianum:
Lee and Wu (1 979) reported plasmolysis of hyphae of
Sclerotinia sclerotiorup by I, harzienun in vitro.

Trichoderma harzianum grew more rapidly and covered colonies of
2. gclerotiorum in culture. Venkatasubbaish ¢t al.

(1%&) studied the interaction of I, Darzianum with Rhizoctonia
dolani, the incitant of collar rot of coffee seedlings. Seed
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treatment with I. Barzianum significantly reduced disease
incidence. Soil incorporation of T. harzianup gave even

better results.

Pal and Chaudhuary (1975) observed a necrotrophic

type of mycoparasitism between I. harzianum and Rhizoctonia

. solani in Crotalaria junceg plants. Pottle et al. (1977)

:- reported the biological control of wound hymenomycetes in
Acer rubrup by I. harzianum. Agrawal et gl. (1978) studied
the antagonistic_: effect of I. harzianum against Sg¢lerotium

- rodfsil causing ,;zolla;' rot of lentil, In pot experiments
the antagonist controlled seedling death due to S. rolfsii.
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Cultures were more effective when applied to seed rather

than soil. Abd-Ed<Moity and Shatla (1981) reported biological
* control of white rot disease of onion due to Sclerotiym

ZI. harzianum. Application of mycelium and spores
- Rarzianun decreased infection of onions in pots, glass

- house pots and in the field. Elad et al. (1981) reported

the biological control of th.mm solanl in strawberry fields
by I. harzianun. The disease severity in daughtef plants was
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reduced by 18=46% in nursery plots treatcd with preparations

of I. harzianum. Plants treated with T. harzianum and trans-
rerred to the commercial field gave a 21-37% increase in early
yield. Marois et gl. (1981) reported a decreased incidence of
¢rown rot of tomato caused by m sp. under field conditions
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by applying conidial suspension of I. harzianuyp to the roots
and crown of tomato plants at the time of planting. Schulz
(1981) investigated the biological control of Cytoagpora
persoonii and C. cipeta causing cankers on peach,. plum and
cherfy trees.’ Goo& inhibition of the pathogen was obtained
by the prophylactic treatment of trees with I. harziapum.
Treatment of established cankers was unsuccessful. Smith
gi al. (1981) postulated the mechanism of biological control
of Fomes copnatug in red maple wounds treated with I. harzianum.
It was postulated tha;t T. harziagun increased phenol content
of the plant that inhibited the decay fungus, F. gopnatus.
Btsiach et al. (1985) reported the reduction of incidence of
Botrvtis cineres on grape in the field by 4-6 applications of
conidial suspension of I. harzianum from flowering time, The
effect varied greatly with weather conditions, cultivar and
- vineyard. Strashnov gt al. (1985) reported 43% and 85%
" reduction of fruit rot of tomato due to Rhizoctonia solani
bjr the application of I. harziagug to soil and by coating
tomato fruits respectively under lab conditions. When mixed

with naturally infested soil, T. harzianug reduced the fruit
rot by 27=51% in tomato.,

Irichoderma viride:

_ Sychev and Shaposhnik (1982) found thefinhibition of
growth of Rhizoctonia solani, the pathogen of Sucumis sativun,
on Czapek-Dox medium, by Irichoderma viride. The culture
filtrate less than 10% was found enough for the blocontrol
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of the pathogen., Gokulapalan and Nair (1 %hWthe
antagonistic effect of I. yiride on Rhizoctonia solani
causing rice sheath blight and found that I. yiride was
antagonistic to the pathogen in vitro. Webber and Hedger

(1986) reported the antagonistic effect of I. viride on
Ceratocystic ulal both in vitre and in vivo.

There are a number of reports where Trichoderma viride
was used for the blological control of plant pathogens.
I. yiride was reported to act as a biocontrol asgent against
Armillaria roét rot (Apmillaria mellea) of shade trees,
fruit trees-etc.(Heald, 1933; Munnecke et al. 1976;
Rishbeth, 1979). Musatova and Kirik (1977) reported that
the introduction of I. virjde into the soil limited infection
of winter wheat by Fusarium sp. increasing yield. Nikitina
et al. (1977) investigated the effect of culture liquids of
I. viride on the growth development and infection of maize by
Ustilago mavdis. Antibiotics from the fungus caused degene-
ration and disentegration of the pathogen. Dubos gt al.
(1978) studied the effect of I. viride on Botrvtis cinerea
and Ehgmgn;;g yiticola. In vineyard trials at Bordeaux,
& suspension of I. yviride culture on oat agar, diluted to
10° spores/ml had an'efficacy of 70% against B. giperea and
80% against PB. yiticola. Morshchatskii (1978) reported that
dusting winter sheat seeds with a preparation of I. yiride
decreased infection by common bunt (Tilletia carieg) by
3.31 to 16.65%., Antagonistic nature of L. viride against



H_Mggm gativug infecting wheat seedlings was reported
- by Prasad et al. (1978). There was only 14.3% infection of

. seedlings when wheat seeds were treated with suspension of

- T, yiride as compared with 96.7% in water controls. Yuldashev

' (1978) reported decreased Verticillium wilt of cotton due to
 Verticillium dahlige by the introduction of I. viride into scil

after maize crop followed by another intermediate crop. Dumitras

" and Fratilescu-Sesan (1979) reported the ip vivg protection of

- beet and cotton seedlings against Pyibiun debarvapum by I. xiride
- as effectively as: fungicidal products. Rebenko gt al. ‘1 979)

_ reported that treatment of Odessa 46 winter barley with T. yiride

| increased resistance and reduced incidence of the disease in
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trials using inoculation of plants with Fusarium oxvsporum,
Helpinthosporium sativum and Ugtilago hordii. Dumitras and

Sesan (1980) studied the antagonistic effect of 39 isolates of

» I. viride against Rhizoctonja solanl on sugar beet, bean
- (Phageolus vulgaris) and cotton seedlings. In biological treat-

ments of seeds and soils in the glasshouse, the results were

similar to those obtained by chemical method. Ubaidullaev(1980)

“ reported the use of I. viride with fertilizers for the biological

control of Verticillium dahliae infecting cotton. In field
trials, the yield was{highest when spore preparation of I. yviride
at 450 mg/ m2 was introduced into the soil with superphosphate

;:—after Ploughing in Autumn or before sowing in spring. The effects

' of the soil preparations remained noticéable in the third year.
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Schulz (1981) investigated the biological control of

Cytospora pergoonii and C. gincta causing cankers on peach,
pluns and cherry trees. Good inhibition of the pathogen

was obtained by the’prophylactic treatment of trees with
I, viride. I. viride showed the best effect four days
after application. Treatment of established cankers was
unsuccessful. Dubos gt al. (1962) also reported that
homogenized cultures of a strain of I. viride sprayed on
clusters of g}ape vine were nearly as effective as dichlo-
fluanid againjst Botrytis cinerea, early treatuents around
flowering being particularly important. Application of
I, viride at the s"c'art of flowering prevented saprophytic
establishment of B. cinereas Bigiach gt al.(1985) _
reported the reduction of incidence of Botrvtis cinerea on
grape in the field by 4~6 applications of conidial suspen-
sions of I. viride from flowering time. The effect varied
greatly with weather condi_tibna cultivar and vineyard.

2.7.2.4 Other fuagi:

Rishbeth (1963), Artman (1972) and Greig(1984)
reported the biological control of Heterobasidion annosuam,
causing root rot of pine by Peniophors zizantea, Freshly

cut, nearly sterile stump surfaces were inoculated with the
antagonisti E. gigantea which inhibited the growth of

H, aphosum. Foleshchuk and Yakimov (1986) reported Peniophora
Elgantea and Pleurotus ogtreatus as the most promising fungi
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for the biological control of H. annogum infecting pine stands.
The cut stumps of pines were treated with a paste of mycelium

of the antagon;sts.

rl

Liang and Li (1982) found that.in field plots of Pinua
passoniana, prior occupation of the wound surfaces of new
shoots by Pestalotig cryptomerige could prevent subsequent
infection by Diplodia pipnea and spraying a culture suspension

.on slightly 1nfe?ted trees gave significant control.

7.5 Blolosical control of Ceratocystis sp.
i Blological control by bacterias

Myers and Strobel (1983) reported Eseudomonas syringae
as a microbial antagonist of Ceratocystis ulmi in the apoplast
of American elm when specific isolates of P. svrinzae were
introduced into the apoplast offreen house grown elm seed-
lings, they suppressed the development of vascular discolo=
uration due to C. wlmi. Schuffer (1983) studied the antagonistic

effect of Pgeudomonas sp. against C. wlmi causing Dutch elm
disease, Elms treated with bacteria by low pressure injection

into trees remained healthy throughout two growing seasons.
Bielozical control bv funsi:

Givbs (1980) reported that if Ceratocystis picese was
introduced with L. fagacearum to wbunds on healthy Quercug

¢llipsoidalis, it had no influence upon subsequent development
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of oak wilt, but if it was introduced 24 hrs. before

C. fazacearup, it prlevented infection. Webber and Gibbs
(1984) reported Mﬂ ¢blonga as the more active
colonizer of the inner bark of Wych elm (Ulmus glabra)
showing Dutch elm disease than in other elms and thus as

the potentiai disease controlling agent against C. ulmi
“in North and West %lmd and Scotland. Gemma et al.

(1984) tested fourteen isolates of entomogenous fungi in
laboratory against two strains of C. ulpi, the causal agent
of Dutch elm ciisease. Of the fourteen, eleven inhibited

one or both the strains of C. ulai. Metarrbizium anisopliae
~was found as the most inhibitory fungus to C. ulmi. 'Ricafd
(1973) treated 15 elms with I. yiride pellets by inserting
the pellets into the trunks of the diseased tree,every

10 em, around the circumference. There was no progress of
the disease due to C. ulpi during three growing seasons.

Webber and Hedger (1986) compared the interactions

between Ceratocystis ulgl and elm bark saprobes in vitro and
in vive. Of the nineteen fungal spp. isolated from the elm
bark, sixteen fungi vis. Fusarium lateritium, . zagbucinum,
E. solani. Sliocladium rogeum, Pepicillivp putterillif
Fhomopuis oblonga, Irichodemma polvsporum, I. viride etc.
significantly reduced the growth of C. ulgi during competitive
interactions in dual culture. lhough these saprobes inhibited
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the growth of the pathogen to varying degrees in vitro,

only Glocladium roseun, Ifichedejua polvsSporum and
T, yiride were found as antagonistic to C. ulmd in vivo.



3, MATERIALS AND METHODS

3.1. Isolation of fungi from the diseased coconut pala

»

. d ” | g :
3.1,1 lsolation of funei from the bark tissues of diseased
palng? |

The affected bark tissues were collected separately
from each coconut palm from different places of Kerala
State and one place in Karnataka State, From Kerala,
tissue aampies were collected from Kayangulam, Pilicode,
Uduma, Kotikulam; Kallangai, Kudlw, Madhur, Shiria and
Central Plantation Crops Research Institute, Kasaragod
garden (Two locations = Campus garden and Hill Block
garden). From Karnataka, samples were collected only
from one garden in Puttur Taluk. Depending upon the
avallability, bark samples were collected from both young
and old lesions on the trunk. Bark samples from lesions
of palms treated with c¢oal tar and neem-oil cake were also
collected separately and suitably labelled. In each case,
locality} age of the palm, type of lesion etc. were

recorded.
3.1.1.1 Method of sample collection:

Bark samples were collected by chiselling the bark
at the region of the lesion as identified by the presence
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of bleeding symptoms. These bark samples were collected in

field separately in fresh polythene bags, sultably labelled

and brought to the laboratory. From each site five samples
: ~were collected. '
1.1.2.1solation of fungi:
| From the margins of lesions small rectangular pieces of
bark tissue (10 mm x 2mm x 2mm) were cut out with a scalpel.
These were used as source of inoculum for isolation of diff-
erent fungi. These pieces were surface sterilised with 0.1
percent Mercuﬁic Chloride solution for one minute and rinsed
in three changes of sterile distilled water. These bits were
plated on Potato Dextrose Agar(PDA) medium in sterilised
petridishes of 9 cm, diameter at 10 pieces per plate.
(Plate-1). 10 mg of Dicrystisin was added to each plate
before pouring the medium into the petridish to avoid
bacterial growth. The plates were incubated at 23.0 for
3=7 days as found necessary. The growth of different fungi
from the inoculun source was observed at an interval of 24 hrs.
Isolation and identification of each fungus from the bark
samples collected from diffefent localities were done. Pure
cultures of each isolate of the fungi were maintained oh PDA
slants with appropriate labels fop furthef use.




Plate=-1. Diseased coconut bark tissues kept

for isolation




Chemical composition (HiMedia)
The dehydrated PDA medium (HiMedia) used for the

preparation of 1000 ml of medium contains the

following ingrediants:

Evaporated potato infusion ¢ 4.0 g
Dextrose : 20,0 g
Agar t 15.0 g

Dehydrated Potato Dextrose Agar (HiMedia) was used
for preparing the medium. 7The medium consisting of 39g
of dehydrated PDA powder was dissclved in thousand ml of
distilled water and boiled for sometime till the powder
completely dissolved in water. 100 ml of this mediﬁm was

added to 250 ml conical flasks and plugged with nonabsorbent

- cotton. The medium was sterilised in an autoclave at 6 kg
(15 1b) pressure for 15 minutes. The molten medium was
poured into sterilised éetridishes of 9 cn diameter after
the addition of 10 mg of Dicrystisin,

3.1.2 Lsolation of fuagl from the soil in the pala basin:

2 Soil samples were collected from the basins of gtem
bleeding affected coconut palms from all the localities
from which bark samples were also collected. They were
individually labelled. Soil samples were collected

under strictly aseptic conditions. The sample was taken

from the top 15 cm of the so0il after scraping off




of the surface layer of undecomposed organic matter and debris.
Five samples were taken at random from‘each of the palm basin
and each sample was put in a clean fresh polythene bag. In
the laboratory they wére mixed thoroughly sco as to obtain a
composite sample and air dried for 24 hours. These samples
were used for isolating fungi adopting 'soil plate method'

of Warcup (1950). '

f,1.2.1.891; plate method (Warcup, 1950):

1 In this method 50 mg of the soil sample was weighed and
transferred int5 a sterile petridish of 9 an diameter containe
ing 10 mg of Dicrystisin. 20 ml of PDA mediun was poured to
the petridish when it is warm and shaken gently to disperse
the soil particles and Dicrystisin uniformgly thrbughout the
mediun. Five replications were maintained for each soil

» sanple. Phe plates were incubated at 23°C for 2-5 days. For
;very 24 hours, fungal growth was observed and fungal colony
was isolated and the cultures maintained on PUA slants with
appropriate labels for further use during jip vitro studies.
Wherevef‘possible identification was also simultaneously done,

1,3 Isolation of funei from root sagples:

1 Root samples showing brown lesions and decay were collected
from diseased palms. Root samples were collected only from one
place id Kerala viz., Shiria where the roots showéd extensive
decay. ‘Such roots were brought to the laboratory in fresh
polythene bags. Root bits of one ca length were cut and placed

-



in petridishes lined with moistened sterile filter paper to
serve as a humid chamber. Ten pieces of root sample were kept
in each petridish and incubated at 23°C for 3-7 days. Growth

of fungus, if any, from joot bits was watched at 24 hrs, interval:

1.4 Iaentification of :

Wherever possible, identification of fungi was done
simultaneously with iéolation, using standard books and keys
like 'Illustrated genera of Imperfect fungi' by SBarnett(1960);
'A manual of soil fungi' by Gilman (1967); 'The fungi - an adva:
treatise'by Ainsworth, Sparrow and Sussman (1973) etc. Some
unidentified cultures were got identified at Indian Agricultura:
Research Institute, New Delhi., Some cultures identified by me
were sent for confirmation to Indian Agricultural Research

Ingtitute, New Delhi.

Furification of T. paradoxa and other fungi and maintenance
of pure cultures on slants:

All the isolates of I. paradoxa and other fungi isolated
from bark, root and soil sanmples were purified by 'single hyphal
tip isolation method' and maintained in pure state on PDA slants

with ‘appropriate label.

5.3 Bultiplication of T. paradoxa on host tigsue:

Multiplication of each isolate of I. paradoxa was done

on sterilised coconut inflorescence rachilla bits as described



by Nambiar et al.(1986) with suitable modification. About
twenty five rachilla bits of 1.5 am length were taken in .
250 ml conical flask along with five ml of two percent
dextrose solution and plugged with nonabsorbent cotton.

Sterilisation was done by autoclaving at 6 kg (15 1b) pressure
for 15 minutes. A few hyphae of I. pg:gggzg.picked up from
the pure culture of the isolate was inoculated on the steri-
lised rachilla bits and incubated at 23°C for 2-5 days. &Lach
isolate of T, pg;gég;ﬁ was multiplied in this method (Plate 2)

and later maintained in pure state on PDA slants for further

in vitrg studies.

3-‘4 C d I

I. paradoxg.

Before d@ing the in yitro study of the interaction of
the antagonistic mycoflora with I. paradoxa, cultural and

morphological characters of different isolates of I. paradoxa
were studied with a view to determmining whether the different
isolates vary in their merphological and cultural characters
from one another. Lo deterﬁiné the best media in which the
different isolates of T. paradoxa gave maximun growth, eight

different growth media were used. These media were the

followings

i) Potato Dextrose Agar
ii) Corn Meal Agar
iii) Oat Meal Agar

iv) Coconut Tissue Extract Agar



Plate-2. Multiplication of I. paradoxa inoculum on

coconut rachille

Sterilised coconut rachillae bits.
Growth of . paradoxa on sterile
coconut rachillae bits (Three days
after inoculation)

* ©

N =
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v) Oak Wilt Agar-A |
vi) Oak Wilt Fungus Agar-C
: a
vii) Dextrose. Aspaggine Phosphate Agar.
viii) Kirchoff's Agar.
3.4, Pre a £ edia.

3.4,1.1 P D. Ag FDA .

The preparation of PDA has been explained elsewhere
(Please refer, 3.1.1.3)

3.4.1.2 Corp Meal Agar (CM A) pediwm
Shemical composition(HiMedia)

The dehydrated CM A medium (HiMedia) used for preparation
of 1000 ml of medium contains the following ingredients,

bvaporated Corn Meal infusion : 2.0 g
Agar ¢ 15,0 g

17 g of Corn Meal Agar dehydrated powder (HiMedia)
.was dissolved in 1000 ml of distilled water and boiled
for sometime till the powder completely dissolved in water.
100 ml of the medium was poured into 250 ml conical flasks
and plugged it with nonabsordent cotion. Steriligation was
done by autoclaving at 6 kg (15 1b) pressure for 15 minutes
and then plated into sterilised petridishes of 9 an diameter
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' 3.4.1.5 Oat Meal Agar (OM A) gediun:

32

Chemical composition(HiMedia
The dehydrated O'M A medium (HiMedia) used for the
preparation of 1000 ml of medium contains the following

ingredientss
Oat malt - : 20,0 g
Agar : 18.0 g
Fe So, i 1 ng
Mn C1, : 1mg
Zn—s°h _ : 1 mg

38 g of dehydrated power of Oat Meal Agar (HiMedia)
was dissolved in 1000 ml of distilled water and boiled
til1l the powder completely dissolved in water. 100 ml
of medium was poured to 250 ml conical flasks and steri-
lised in an autoclave as done earlier., Then the medium

was plated into sterile petridishes of 9 cm diameter.

3.4.1.4 Coconut Tissue Extract Agar (CTEA) medium:

Chemical composition
Coconut bark tissue '3 250,0 g
Dixtrose sugar | ¢ 20.0 g
Agar . H 200 0 £
Distilled water ¢ 1000 ml

About 250 g of coconut bark tissue collected from
healthy palms were cut into small pieces. These piece:

were boiled with 250 ml distilled water and crushed in



mixer-grinder. The ext;act was prepared by filtering the
crushed tissue through muslin cloth. To this extract 20 g of
Dextrose sugar and 20 giof agar powder were added and the volume
was made to 1000 ml with distilled water, The medium was steri-
lised by autoclaving at 6 kg (15 1b) pressure for 15 minutes

- and then plated to sterile petridishes of 9 cm diameter,

f¥1;5 Qak Wilt Agar-A (O W A=A) mediwm:

Chemical compositiop(HiMedka)

The dehydrated O W A-A medium(HiMedia) used for the
preparation of 1000 ml of medium contains the following

ingredients:
Yeast Extract 2 0.5 g Mg So,, : 0.5g
Casamino acids :1.0¢g Zn So,, P 0.2 mg
Maltose : 5,0 g - " Fe So,, i 0.2 mg
Inositol : 5.0 mg Mn 804 ¢ 0.1 mg
. Pyridoxine : 0l mg | Agar : 20,0 g
Monopotassium
phosphate : 1.0 g g

28 g of Oak Wilt Agar-A dehydrated powder (HiMedia) was
dissolved in 1000 ml of distilled water and boiled to dissolve
the powder completely. Autoclaving was done at 6 kg{15 1b)

§* . pressure for 15 minutes and the medium was plated to sterile

g. ' petridishes of 9.0 cm diameter.
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E 3.4,1.6. Ogk Wilt Fungug Aggr-C(OWA-C)Amggigm

Engmlgal;sgmngslilgn(HiMedia)
The dehydrated OWA-C medium (HiMedia) used for the

preparation of 1000 ml of medium contains the

follbwing ingredients:

Malt Extract : 17.0 g
Mycological

peptone : 3.0 g
Ox gall :15.0 g
Agar ' :15.0 g

50 g of dehydrated powder of Oak wilt Fungus Agar=C
(HiMedia) mediun was dissolved in 1000 ml of distilled
water and boiled for complete dissolution. The medium
was sterilised by autoclaving &f 6 kg {15 1b) pressure
for 15 minutes and plated into sterile petridishes

of 9.0 em diameter.

34044147 _suﬂu:uuz*Jnxu:ﬁuJL_!1xuuxyzgg__gaz_igﬂzél_msglum

Chenical composition
Dextrose Glucose =_30.0 g
Aspaﬁ%ine : 1.0 8
Mg Soy, 7 ﬁ?_o ' t 0.58
KH, PO, ¢ 1.5 g
Agar 3 20,0 g
Distilled water ¢ 1000 ml



The contents were dissolved in 1000 ml of distilled water
and boiled for,completé dissolution of the contents. Sterili-
sation was done by autoclaving at 6 kg (15 1b) pressure for
15 ﬁinutes and the medium was poured into sterile petridishes

3 of 9.0 cm diameter,
3 4.1.8 Kirchoff's Agar (Ki) medium
CMM@M

Sucrose, ¢+ 100,00 g

a .
Aspaxgine ¢ 1.0 g

KHzPoa : 1.0 g
Agar P 20,0 g
\ Distilled
water ¢ 1000 ml

The contents were dissolved in 1000 ml of distilled water
and boiled for-complete diseolution. Sterilisation was done
by autoclaving at 6 kg (15 1lb) pressure for 15 minutes and
then poured to sterile petridishes of 9.0 cm diameter,

3.4.2 Effect of different culture medis on different isolates of
The above mentioned eight different growth media were
used for this study. A total of six isolates of I, paradoxa
were studied, Each isolate of I. paradoxa was grown first on
PDA medium to prepare the fungus inocuium. Discs of the fungug




3eb.2.1

from the margin of the growing colony ( 5 days old colony
in slow growing isolates and 2 days old colony in fast
growing isolates of I. pg;gggxg) were removed using sterile

cork borer of 5 mm diameter and one disc each was placed

.at the centre of each growth medium in petridishes. Four

replicates of each growth medium were maintained and incubated
at 23°C. For every 24 hrs. time interval, colony and morpho-
logical characters were recorded. This study was carried out
mainly to fiﬁd outwhether there was any variability in the
different isolates and how much they differed in the differ-

ent colony and morphological characters.

lon r :

Colony characters like colony diameter, colony margin,

. colony colour, colony reverse colour, elavations of colony

and odour of colony were recorded at regular intervals. The
colony diameters at two planes at right angles to each other
were measured and the mean diameter of the colony was recorded
in all the four replicates and presented as mean values of
the four replicates. The observations were recorded for

each growth medium. The medium in which each of the fungal
isolates first filled the entire petridish was observed.

This medium was selected for further jip vitro studies of
interaction of other fungi with that particular I. paradoxa

isclate.
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3,4,2.2 Morphological characterss
Study of mycelial characters (colour of hyphae,

diameter of hypha, presence of hyphal rings etc.),
conidia and chlamydospore of each isolate of I. paradoxa
in all the growth media was done. Occurrence, shape,
size, colour, position and time of formation of conidia and
chlamydospores in each isolate of T. paradoxa in each of
tne growth medium were observed and the results were
recorded.; The cultures were kept till spores were
produced and recorded. The culture which did not form
spores initially was képt for two months for observation

of spore formation if any.

3.b2i3 ¥ _52LﬁD1lL3I_Qi.ﬂlﬁiﬁ:ﬂﬂi.iﬁnl@ﬁLithi . Raradoxa
’ in each culture mediup:
Variability in culture characters and rate of
growth of isolates of I . paradoxa in each growth medium
was studied in the above experiment and the results were

compared.,

in yitro ﬁ&nQ1sa_gn;ﬂu&JunEuzuﬂaanuni_ﬂnxasnnlailg
mxsgilgza_uixn I. paradoxa isolates:

3.5.1 Interaction of associated myvcoflora with I. paradoxa

isolates:
The fungi selated from the lesions of stem bleeding

affected palms and/or from the palm basin soil were used
for the in vitro studies for their interaction with the



different isolates of I. paradoxa. Among the various fungi
isolated, eighteen isolates of fungi viz. Acreponjun sp

(two isolates), Asperzillus niger, A. terreus,Chalaropsis sp.
Paecilonvoes variotl, Femicilliwn eitrinwn, E. diverseun,

P. janthinellym (two isolates), Pestalotiopsis palmarum,
Trichoderua harzianum (two isolates), I. viride (three isolates)
and two isolates of unidentified sterile fungi were used for the
interaction studies with I. paradoxa isolates. Among tne six
isolates of I, jg;gggxg, only four were used for this study, the

other two being:shy growers in culture,

Each fungu& used, for antagonistic study, was grown on FDA
plates in sterile petfidishes. I. paradoxs isolate No,2 was
grown on Kiréhoff's Agar (KA) mediﬁm in whtch it was found to
grow faster than in other growth media; I. paradoxa isolate
Nos. 3 and 5 were grown on Dextrose Aspaé%ine Phosphate Agar
(DAPA) and isolate No.6 on_PﬁA plate in which they grew faster

than in other media.,

To investigate the in vitro interaction of these antagonistic
fungli with the isolates of I. paradoxa, 'Direct opposition method'
used by Webber and HEdgef (1986) was adopted as detailed below.

Diregt Opposition Method (Webber and Hedger, 1986)

Dual cultures of I. paradoxa isolate No.2 and the regpective

saprobe were established at 3.5 cm apart from each other on

Kirchoff's Agar (KA) tmedium in sterile petridishes of 9 cm
diameter. Using sterile cork borer of 5 mm diameter, the fungus

inoculum discs were cut separately from the edge of two days old

ST T T

cultures of I. paradoxa isolate No.2 and other test fungi.



The fungal éisc (I, paradoxa isolate-2) and the saprobe

(test fungus) disc were placed at 3.5 ca distance from each
other at the centre bf the pe#;{%iﬁh containing KA medium
(Plate 3. ). The discs were plaééd in such a way that the
fungus side qf the disc was touching the surface of the
growth medium., Five replicates of each T, paradoxa =~ saprobe
duel culture were maintained and incubated at 23°C temp. for
seven days in darkness. Radial growth was measured in two
opposite direcfions at 24 hr. intervals so that the growth of
the fungus towards the saprobe vig a vis the opposite direction
(control) could be determined. From these measurement the
percentage of inhibition of I, paradoxa isolate No.2 caused

by each saprobe was found out.

The same 'Direct Opposition Method' was also followed in
case of other three isolates of I. paradoxa viz. isolate nos.
3, 5 and 6. For getting the fungal disc of these isolates,

two days 0ld cultures were used.

Interactions between the opposing colonies of I. paradoxa
and the spprobes were also visually assessed after a further
seven dayq&ncubation using a key based on the observations of
Webber and Hedger (1986). The key consists of the following
characters:-

1. Intermingling of the colonies with no macroscopic or

microscopic signs of interaction(I)
2. Overgrowth of I. paradoxa colony by opposing fungi,

usually accompanied by inhibition of I. paradoxs on or
shortly after contact (0)



Plate-3, Testing of antagonistic fungi against

T. paradoxa for growth inhibition.

(Note: In petridish T. paradoxa is on left side and test fungus is onright side.)



3.5.2
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Mutual inhibition of the growth of the opposing colony with

- eventual contact with no apparent intermingling, a band of

pigmented mycelium (zone) often developing at the junctions of
the colonies.(M,P,) .

Mutual inhibition of both the colonies with no apparent intere

mingling, a clear zone remaining between the colonies, (MC),

Extreme inhibition of T. paradoxa colony at a distance of 5 mm
or more, little or no reciprocal inhibition.(E).

memm;h - paradoxa isolated:
From the studies on interaction of associated mycoflora

with the isolates of T, paradoxa, fungi, antagonisfic to

I. paradoxa were found out; The interaction of each of these

antagonistic fungi, with each isolate of I. paradoxa was further

studied in three different conditions namely=-

1. When I. paradoxa was inoculated 12 hrs. before the
antagonistic fungus.

[
2. When both T. paradoxa and the antagonistic fungus were
simultaneously inoculated and

3. When T. paradoxa was inoculated 12 hrs. after the
inoculation of antagbnistic fungus,

For this study also 'Direct Opposition Method!
(Webber and Hedger 1986) was used. The dual cilltures

were kept for 15 days aftes inoculation and the results

were tabulated,
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3.6. In vitro studieg on the effect of pneem-oil and peem-coil

3.6.1

R N Y R ey

w::,‘w-__-‘m ,:, e A G

cake on I. paradoxa.
iffect of neem oil cake on T. paradoxa.

To find out the effect of neem oil cake on I. paradoxa,

o]

. bDaradoxa isolate No.5 was used. The fungus was grown

on FDA plates to serve as the inoculam source. To three
separate conical flaéks containing 100 ml PDA medium, 1000 mg.,
100 mg and 10 mg regpectively of neem oil cake_powder were
added, and autoclaved as mentioned before._ Conical flask
containing PDA without neem o0il cake served as control.

after autoclaving, the media were dispersed into separate
sterile petridishes and suitably labglied. Using a sterile
cork borer of 5 mm diameter, the fungus discs from the margin
of growing colony of I. paradoxa were taken and one disc is
placed at the centre of each plate with the fungus side of

the disc touching the growth medium, The plates without the
neem oil éontent were taken as control, Four replicates of
each set were maintained and the plates were incubated at 23°C
for four days. Colony dimensions in each case were measured

at two planes for every 24 hrs., and the readings were recorded,

M_nzem_ul_mgmi Raradoxa.

TI. baradoxa isolate No,5 was used for this.experiment.
50g of neem o0il cake was dissolved in 100 ml orf distilled
water. - Different aliquots of the extract were mixed with

distilled water to obtain different concentrations a

follows:



3.6.2

&

1. 10 m1 of extract + 90 ml of distilled water = 50,000 ppm

{on oil cake basis).

2. 5 ml of extract + 95 ml of distilled water = 25,000 ppn
3. 1 ml of extract + 99 ml of distilled water = 9,000 ppm.

The above extract was used to prepare PDA medium with
3.9 g of dehydrated PDA powder (HiMedia) added to each flask
containing the above extract of 160 ml. All the flasks were
autoclaved at 6 kg (15 1b) pressure for 15 minutes and the’
sterilised medium was poured into separate sterile petridishes
of 9 cqﬁiametef and appropriately labelled. As mentioned in
para 3.6.1, fungal discs were similarly inoculated here also.
Four replicates were taken for each set and incubated at 23°C
for four days. The plate without neem oll cake extract
served as control. The colony diameters were measured at
24 hrs intervals and growth of I. paradgxa isolate in each

case was recorded.

Effect of neem odl og T. paradoxa.

For the study of effect of neem oil on I. paradoxa,
isolate No.5 was used. T, paradoxa isolate no.5 was grbwn
on PDA in petriplates of 9 an diameter. Using sterile
cark borer o1 > mm diameter, a disc of the fungus from the
growing margin ?f the colony (2 days old) grown on PDA
plateywas cut and removed and inoculated at the centre of a
second PDA plate of same diameter, Using the above sterile
cork borer, four wells were made at four corners of the plate,

equidlstant (3 cm) from the fungal disc inoculated already.
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These wells were fully filled with neem oil (Plate# ) using

a sterile pipette and the plates were incubated .at 23°C,
suitable control plates with the wells filled with PDA medium
were maintained, Thére were five replicates. The colony
diameters in two planes (perpendecular to each other) were
measured in each case at 24 hour intervals and and average

colony diameter was found,



Plate-~4, Testing the effect of neem oil on the

growth of I. paradoxa.
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4, RESULTS

4,1 I ' i .

F

54.1.2 Isolation frop affected bark tissues:

. Tissue samples from the affected bark were collected
separately from different localities in Kerala and Karnataka
as detailed in 'Materials and Methods', for the igolation of
the fungi from palms with stem bleeding disease. A total of
sixty three samples were collected from as much stem bleed-
ing palms. The samples comprised young and/or old lesions
on the trunk. The various fungi isolated Lrom the bark
tissue were identified using standard keys mentioned in
'Materials and Methods'. Some cultures were got identified
at Indian Agricultural‘ResearchlInstitute, New Delhi. The

different fungi isoclated from the bark tigsue are enumerated
“in Table-1 .

From Table-1, it can be seen that Ihielaviopsis

Raradoxa, the causal agent of stem bleeding disease of
coconut, could be 1solated only from young fresh lesions

with the frequency of isolation ranging from 10-100%
(Plate-5 ) .



Plate=5. Fungal growth on the bark tissues

kept for isolation.,




43

Table 1. Isolation of fungl from lesions of stem
bleeding affected coconut palms.

Semple Date ' _ Mana '
gement Type Perc-
 Number of Plage of sample Age practices of f:gftted cent-

ggﬁfﬁf collection ;g:iﬁ glven lesion age of
ction : (in %fgia;
years)CTA NCA FA T. par

. doxa
1.2 3 4 5 6 7 8 9 10

1. 20.10.86 C:P:C:R. I.,
C.P.C.R.I.
Kasaragod ’ 30 No No Yes Fresh Mucor sp.,
garden, . .. )
(Kerala). cdtrinum, 2
. Thiﬂlavionﬁiﬁ :
Raradoxa,

20.10, 36 " " v " 1" " w
| citrinum, 50

1] " L " n " " MHM Bpo ’.

27.10.86 Kudliu 20 Yes No No 0ld Acremonium Bp.=~1.,

{Kerala)
| . E. Jdanthineliup-1
" " 1t n "
" ' on " ] t ' Fresh L. — 0
| ' " Mucor sp., o ‘i
B. gitrinua. &
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f', 2 3

6 7 8 9 10

9. 27.10.86 Kudlu,
: (Kerala)

410, 29.10.86 Kallangai
’ (Kerala)

2. " "

30 9.12.86 Kayangul am
: (Kerala)

" "

1 "

20 Yes

15 No

30 1"

It "

35 NY

No No 0ld Acremonium
Bp.~1.,
Mucor sp.
B. citrinug 0
Trichoderma
hagzianum.

No No 01d Acremonium

" " Fresh Mucor sp. %
4+ paradoxa

" " 0ld  Acremopnium sp.e-l
Chalaropgig

_ No No 0la Acremondium

Sp--a. N

Trichoderma 0
viride - 1

" " Fresh P. janthine-
L]ﬁﬂ"a" %
I. paradoxa
" " . " P ienthine-
dlum~2.,
I. paradoxs, 29
l. yiride -1
n " 1t " " 30 |

contd,..,




1 2 3 4 2 6 7 8 ? L

' ] No No 01d (Chalgropsis sp. 0
17, 9.12,86 Kayangulanm 50 No ) .
e (Kerala) . E. diverseun

18. " n 25 " " "  Fresh Mugor sp.,
E. diverseuy, 10
i. paradoxa

19, | n '!. ot " " 0ld Eo ﬂw: 0

7 20, 1 " ' 35 ' " oo " " E. danthine- o o
: : Alug-2 :
:.21, g n : " " " " Fresh P. Jagnthine-
] - llup-2, 10
I. paradoxa.

o5, I 35 " " " Tresh P. diversewm

%h.l?.12.86 Kallangai 35 No - No No Fresh Mucer sp.

‘ ' E. cltrinug |
Bhizopug sp- 7
I. paradoxs 40
"5. " n o " n. " " Fregh Mucer sp.

, | B. citrinum
Pestalotiopsis 50

(Kerala)

B.19.12.86  C.P.C.R.I.,

‘Kasaragod 25 No Nol
Campiis »
arden
Kerala)

n !l_ " n "
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28. 23.12.86

29.

30,

31.

- 32,

33,

1t

}20 5- 8?

Pilicods,
(Kerala)

n

n

1

Pilicode,
(Kerala)

35

"

25

11

1t

No

L)

No

1"

No

"

No

-No

LLE

t

n

Ko

Fresh P. divergeus

Z. paradoxa

0ld Mucor sp.
~Ls diverseum 0
E. palmarum

Fresh P. diverseum 10
4+ Raradoxa

n 1t 1) ?O

m Acremoniug sp-1l
E. diverseun 10
£. paradoxa

Fresh Mucar sp.
E. citripum
I. paradoxa
d. barzianug

O0ld  A. piger,
Mucar sp.
B. citripup 0
L. harzignug

Fresh P. gitrinug
L. paradoxa 10

COntd. * a0
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15.5.87  Madhur 30 " Yes No No Fresh Acremonium sp-2
(Kerala) - ‘ A. niger
' Mycor sp.

I. harzianug=-1

37, " " " No " % 0ld I. barziamum-1 O

§38. " " 25 . " " " " A. piger 0
: I. harzianug-1

n 3} L1 " " 1 n 1" )] 0

y " .30 L Yes Fresh A. piger,
' A+ terreus
P. janthipellum-1 O

1] 1" 1" " n Nd Old AO w. € | B
' ~ Mucer sp.
P. Janthinellup-1 C
I. harzianum-1
24e5.87 Puttur ) 25 Yes No Yes 0ld Acremonium sp.-1
(Karnataka
| Mucer sp. . C
E. Japthinellum-1
-2

" " 30 No - No Yes 01d A. » Mucur sp.
f " 25 * No No Yes 0l1d Acremonium sp-1
A. m_er:

_ E. impthinellum-1 ©
" " 40 I " " " Acremonium sp-1
| A. piger
pucer sp.
E. palmarum
L. viride-2

contde.ee.




1 2 3 4 2 6 7 8 9 10

46. 30.5.87 I({I%:g-llcz%am 30 Yes No No 0ld A. piger
: | E. gitrinum

47, " " 20 " 1t " ] H " o)
4G . " " 35 n " " Fresh H " 0
49' " " 25 " n 1 Old ] i 0

%0, 1-6-87 Shiria 25 No No Yes Fresh I. paradoxa 100
X (Kerala) _ 2. virjde-3
51, " 30 """ " A piger,
: ) ‘ Mucer sp. 70
I. paradoxa
2. vixide-3

E. diverseum

T, Raradoxg 60
.- ¥iridge3

53, " n - 40 " " ] " EILQBZ 8p.

I. paradoxa 90
7. ¥iride-3

52y " n " . n " " 1"

) 54. 15.6-8? ClP.c.R.I.,
' Kasaragod,

Hillblock 20 No Yes Yes Fresh 4. hizer,
arden.

- Kerala) -P_‘ ‘QLM O
: _ I. harzianum~p
% 55. i 113 Tt f 1 11 11 &. n: Sgr,
E Mucor sp.,
E. gitrinum

: : 2. harzianum-2
1 " 50 " t " n A‘ T—é—’__

Eaecilomyceg Y
varioti,
L. barzianuma2

contd, ..
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1 2 3 4 5 6 7 8 9 10
5?.15. 6.8? CIP.C.R.I.-’ ‘+o NO Yes Yes Freah A' ni-m
Kasaragod o
‘Hillblock ’ Mucor sp.
arden P. citrinum
Kerala) ‘ P, harzianum -2
58 1] 1] 35 1 o " [ 4] 1] 4] 0
59, 18.6.87 Uduma 20 No No No Old A. niger,
' (Kerala) P. divers 0
60, " " 30 Yes No  No- Fresh P. diverseum O

61. 21.7.87 Kudlu 30 No No No Old 4. piger,

(Kerala) - B. citrig
Bhizopug sp. 0
I. bharzianum
62. 21.7.,87 cﬁP.C.R.I&’ : A. piger
- asarago T, -2
Hillblock 30 No yeg Yes Fregn _."hszzgﬁnun 0
garden
(Kerala)
63, 1 " 35 n " " ] " " 0

e L ——
—_ e

-——-——--u———-.———-—_--——--———-—--—————-—.._——_—--.———--——---—————
——-—--—-“H—-—_-—--——ﬂ———“&——---ﬂ-——--h-—-.-—_---"-----—--ﬁ—-&—-

CTA = Coal tar applied
NCA = Neem cake applied
FA = Fertilizer applied



From old lesions I. paradoxa was not isolated. Only other
saprobes viz. Acremonium sp, Aspergillus niger, Chalaropsis sp.
MucQr sp. fenicilljum citripnup, P. diversewum, P, Jdanthinellun
Festalotiopsis palmarum, Rhizopus sp, Trichoderma harzianum

I. viride etc. were isolated from old lesions on the bark.
Agpergillus niger, Penicillum sp. Irichoderma harziagum and

I. viride were predominantly isolated from old lesions. The
frequency of isolation of I. paradoxa was more in wet and cool
months rather than in summer months.(Table=1). But in irrigated
gardens, as in Shiria, there was no such difference. Even in
June month very high percentage of isolation (Average 80%)

was obtained from fresh lesions.

I. paradoxa was not isolated from the bark samples
collected from the palms treated with coal tar or ammended
wlth neem oll cake application, eventhough the lesions were
'young and fresh. 4ge of the palm did not show any significant
role as far as the isolation of T, paradoxs was concerned.
From the fertilizer applied palms, more number of saprobes

were isolated (Table~1),

1.2 Lsodation from paln basin soil:
Isolation of fungi from soil in ‘the Palm basin showed
that various fungi could be isolated from the soil samples,

. collected from all the localities (Table-2), The'ruhgi
which were isolated from soilﬂ&ere identified by mounting
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Table 2., Isolation of fungi f b

tem bleedin f t oconu mg.
Sample Date of Place of sample Management .
Numbers sample : Fungi isolated
collectipn colléction Pract:ces ;
NCA F.A.
1 2 3 4 5 6
1 to 5 20' IO. 86 C.P. c.R.I.- .
. Kasaragod No Yes Aspergillus niger,
Hillblock
garden Mucear sp.
i (Kersla) Penicillium
' - citrinum
Irichoderma
harzianum=2
6 to 9 27.10.86  Kudlu No No  Acremopium sp-1
(Kerala) Mucor sp.,
P, gitrinum
I. karziapum
10 to 12 29.10.86 Kallangai No No Acremopium sp-1
(Kerala) .

13 to 23 9.,12.86 Kayangulam No No
' (Kerala)

24 to 25 17.12.86 Kallangai
(Kerala) No No

26.to 27 19.12.86 C.P.C.R.I,

Kasaragod No Yes
campus
(Kerala)




i 2 3 4 5 6
28 to 32 23,12.86 l(’li{.li;:lod? No No Acremonium sp=1
er a
) ' Mucer sp.,
L. diverseum
33 to 35 12-5-87 Pilicode No No 4. piger,,
(Kerala) m 8p.,
' B. citrinug
2. diverseum
&Ehizopag sp.
. 2. harzi-pum
& to 41 15~5+-87 Madhur
3 (Kerala) No No A um
' Mucar sp.,
R. harzianum -1.
42 to 45 24587 Puttur ‘ '
(Karnataka) No Yes 4. niger.
. Mucar sp.
Eaecilomyceg sp
Yarjoti,
1. yviride-2
46 0 49  30-5.87 Kottikulam - " No N » niger.
(Kerala) ° 4 ’
Mucor ep.,
E. citrinum
d. barziggum
22 to 53 1-6=87  Shipig No ¢y
Faecilomyceg
‘ yarjoti,
B. diverseun
, L. viride-3
© 5k to 58 15.6-87 C.P.C.R,I., Yes ;
i K asaragod °8 °8 MAI; cmn.],’_‘sp : ,
Hillblock b. Iﬂl‘lﬂ_ﬁ’.
(gl?rden )
eral BJH&QM 8p
& | I. harzlagug =2

contd, ertesy

U




1 2 3 4 5 6
59 to 60 16-6-87 Uduma No  Ho E: %
(Kerala)
1. barzianum
61 21-1-87 Kudlu No No A. piger.,
(Rerala) B. citrinug:
' Bhizopug sp.
. I. harziapum
62 to 63 21=-7-87 C.P.C.R.I., Yes Yes 4. pj ’
" Kasaragod
Hillblock Mucer sp.,
garden P. varioti
(Kerala) T. harzianum =2

_._...—_.....___.....-.._-.-—_-..--.-...-..—_—.-.-—-——-.-.._—-—--—-————.q.—-———-———-—_—.—-———

-.—_.___——.-___.—-.___...._._—....-.—-.._-.—_——————.-_—--.--o.———--——.————n————-—————-——q..

NCA -= Neem cake applied

FA = Fertilizer applied



4a1.3

them in lactophenol stain and observing under the microscope.
For identification standard text books a:d keys mentioned in
'“laterials and Methods' were used. Some cultures were got

identified from Indian Agricultural Research Iastitute, Ney

Lelhi.

T. paradoxa could not be isolated from any of the soil
sample. Various othér fungi isolated from soil are Acremonium
sp. Aspergillus niger, Mucor sp, Paccilomyces variotl,
Penicillium citrinum, P. diversewm, B. Janthinellum, Rhizospus sp
Trichoderma harzianum, and I. yviride.

From more than 90% of the soil samples, species of
Trichoderma (I. harzianum and I. yviride) were predominantly
isolated and identified. A.niger was alsc isolated from many
soll samples. The occurrence of A. piger and Irjichoderma sp.
was found more in the soil samples collected from the basin soil
of diseased coconut palms which were ammended with neem oil cake

and fertilizer application.(Table=2),

isolation from root samples.

Root samples were gollécted from one locality namely
Shiria, where the roots showed extensive decaying symptoms.
When these samples were kept for fungal isolation in petri-
dishes lined with moistemed sterile filter paper for 5 days
at 23°C, fungal growth was noticed emerging from the decayed
pieces of root samples. The fungus was identified as T. Raradoxa«

e |
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Table 3: Isolation of fungi from oot sampleg
of stem bleeding atfected cocoput palmp.

Sample Date of Place of Age of Management Fungi % of

Number sample sample ~  palm practices isolated isola-

collection collection (in Ziven tion

years) ' of

CTA NCA FA . par

adoxa

1 1=6=87 Shiria 25 No No Yes I. paradoxa 10

(Kerala)

2 " 1"t 30 1] 1] Tt " 50
3 ) ] 11 30 1} 1 1t " ]o
4 1 " 40 1t n 1] " 20

—...*-—————_-.—_——--_——q--—-p————-———n-—_--———-———-.-——-———-n.——n.———

CTA = Coal tar applied
NCA = Neem cake applied
FA = Fertilizer applied




“rom all the four root samples, L. paradoxa could be isol

(Table=3). lNo other fungi was found to grow from the root %M

sanples.

Purification of T, paradoxa and Qther fungj:

I. paradoxa and other fungi were purified by the 'Single
hyphal tip isolation method' as described in 'Materials and
Methods' and maintained on FDA slants.

Multiplication of T. paradoxa ang other fungj.
I. paradoxa was alone multiplied on coconut rachillae,
(Plate-2) (yide Materials and Methods) and other fungi on FDa,

¢ HMorphological t i of T. paradoxa.

Before doing the in vitro study of the interaction of
saprophytic mycoflora with T, Raradoxa, - cultural and morphological
characters of different isolates of T, baradoxa were studied with
a view to understanding the wide variability prevalent among
L. paradoxa isclates for these characters., 4 total.of six
isolates of T, Paradoxa from six different localities of Kerala
ngmely hayangulam, Pilicode, Kallangai, Central Plantation Crops
Regearch Institute, Kasaragod'campus Garden and C.P.C.R.I.,

5 Kasaragod-Hill Block Garden, and Shiria, were taken for this type
of study and they were named ag I. paradoxa isolaterNb.1,2,3,4,5

and 6 respectively.



L.b,1. Effect of different culture media on the igsolates of

I, paradoxa.
The rate of growth and other morphological characters

of six isolates of I. paradoxa on eight culture media was

studied in petridishes. .The six isolates were the following

1) I. paradoxa isolate No.1(from Kayangulam)

ii)
ii13 T, paradoxg isolate No.3(from Kallangai)

1=

. paradoxa isolate No.2{(from Pilicode)

» Raradoxs isolate No.4(from C.P.C.R.I. Kasaragod
Campus garden)

iv)

h=

v) I, paradoxa isolate No.5(from C.r.C.R.I. Kasaragod
Hill-Block Garden)

vi) T. paradoxa isolate No.6(from Shiria)

4.4.1.1 Colony characters:

#solate No,1: When colony dimensions were measured on
each culture medium, 2; Dbaradoxa isolate=1 was found to
grow very slowly on all the culture media tried. (Plate ¢. )
iven on the fifth day, the colony diameter had not
crossed one cm in any growth medium, (Table-4).(Fig.1). On
Oak Wilt Fungus Agar-C medium, T, baradoxg did not show
any sign of growth, The colony was circular with entire
margin (Table~5). There was no luxuriant growth of the
mycelium on any culture medis. The colour of the colony

- was grey on the top surface with dark grey colour on the
reverse side in most of the culture media (Table~5),

There was no odour to the colony.,.



Plate-6, Effect of culture media on growth of

T, paradoxa isolate No.1.

Effect of Culture media on growth of T.paradoxa isolate No - 1.

Plate-=7, Effect of culture media on growth of
L. paradoxa isolate No.2,

\
{
\

Effect of Culture media on growth of T, paradoxa isolate No. 2




Table 4: Colony dimengions of T, paradoxa isolate No,1
IS on differend culture media on different days

(Mean of four replicates in cms)
Time of ; i i .
observa~ -——-odony dlameter of I. paradoxa isolate No.]
tion - ppp  CMA OMA CTEA OWA-A OWA-C DAPA KA
after
inocula-
tion
in days.
1. 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
2 006 006 005 006 0.6 0.5 0.6 0.6
3 06 0.6 0.5 0.5 0.6 0.5 0.6 0.6
4 0.7 0.7 0.6 0.6 0.6 0.5 0.7 0.7
5 1.0 1.0 0.6 1.0 1.0 0.5 1.0 1.0
======_===========================================================
PDA = Potato Dextrose Agar OWA-4 = Oak Wilt Agar-A
CMA = Cora Meal Agar OWA-C = Oak Wilt Fungus
OMA = Oat Meal Agar Agar-C

Dextrose Aspaygine
-Phosphate Agar

Kirchoff's Agar

CTEA= Coconut Tissue Extract Agar DaPA

g
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Fig.1 Growth rate of T.paradaxa isolate - 1
on dif ferent culture media

-Z| Potato Dextrose Agar (PDA)
W] Corn Meal Agar(CMA) Fe] oak wilt Agar- A (owa-a)

+z] Qat Meal Agor (OMA) i3] Oak Wilt Fungus Agar-C (OWA-
s wa| Coconut Tissue ~|**] Dextrose Asperagine
= Extract Agar (CTEA) Phosphate Agar (DAPA)
o \
o] Kirchoff's Agar. (KA)
.§ . 3 irchoff’s Agar. (
£
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Description of media
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5;Table-5: Colony character L, paradoxa i ate N
3 different culture media on different days.

?Time'of Colony characters

Culture medig uged

.o0bserva-
e tion
after
inocula-
ktion in PDA CMA OMA CTEA OWA=A OWA=C DAPA ).¥
L days
4 2 3 4 5 6 7 8 9 1C
Margin !
Elevation
Colour I Top surface NG NG NG NG NG NG NG A
Riverse side
Odour )
Margin C+E C+E NG C+E C+E NG C+E C+E
Elevaticn - - - - - - < -
Colour IM{M a G NG G G NG G G
I Riverse side G G NG B G NG @ G
Odour - - - - - - - -
Margin C+E C+E NG C+E C+E NG C+E C+E
Elevation - - - - - - - -
I Top_surface G G NG
Colour i | _ G ¢ NG G G
lRiverse slde DG DG NG B DG NG DG DG
Qdour - - - - - - - -
© Margin C+E C+E C+E C+E C+E NG C+E C+E
Elevation ' - - - - - - - -
Colour  jZXoP surface G G @ G G NG G @
, Riverse side DG DG NV RB DG NG& DG Dpg
Odour - - - - - -

contd.....



Table 5 contd.

1 2 3 4 5 6 7 8 9 10
5. Margin C+E  C+E C+E C+E.  C+E NG C+E  C4E
Elevation + - - - + N@ + +
lIop gurface G G G G G NG G G

Colour 4y verse side DG DG DG RB D& NG DG DG

Odour _ - - - -

PDA = Potato Dextrose Agar.

. CMA = Corn Meal Agar.,

OMA = Oat Meal Agar.

CTEA = Coconut Tissue Extract Agar,

OWA~A = OQak WiltAgar-A. _

OWA-C = Oak Wwilt Fungus AgareC.

‘DAPA = Dextrose Asparngine Phosphate AgarQ
KA = Kirchoff's Agar.

B = Brown
C+E = Circular and Entire
PG = Dpark Grey
G = Grey
t N& = No Growth
E NV = Not visible
B RB = Reddish Brown .
L+ = 1/4th height of Petridish.

- . Abgent
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Isolate No,2: I. paradoxa isolate-2 was found as the fastest
growing isolate among all the isolates of I. paradoxa. The fungus
showed very good growth on seven culture media. ©n Oak Wilt Fungué
Agar-C medium it showed negligible growth. The fungus grew very
fast(9 cm diametér on seéond day after inoculation) on Kirchoff's
Agar medium (Plate ) y (Fig.2), containing L(-) Asparagine mono-
hydrate as one of the constituents of the medium (Table-6). 48 hr.
after inoculation, the cdélony was found circular with entire margin
in all the culture media except on OWA=-C medium wherethe fungus

did not show any sign of'growth.(Table-7). clevation of the colony
was maximum on OYA, OWA=A, DAPA and KA medium. The colony colour
was white both on the top surface and reverse side. There was no

odour to this colony in any media.

Igolate No,3: I, paradoxa isolate-3 grew faster on DAPA and KA

media, both containing L{=~) Asparagine monohydrate as one of the
ingredients of the culture medium. Among these two culture media
diameter
the growth was found faster (9 cm/on the third day after inoculation,
on DAPA medium.(Plate8 ) (Fig.3). The fungus did not show any sign
of growth on OWA-C medium even when the fungus filled the entire
- petriplates in all other seven media on the fifﬁh day after inocu-
lation,(Table~8). The colony was found circular with entire margin
on all the other seven culture media (PDA, Qu4, OuA, CTEA, OWA-A
DAPA, and KA) on the third day after inoculation, Among DAPA and
KA media, elevation of the mycelium was maximum on "DAPA medium
(Table-9), The top surface colour of the colony was pure white.

c\ v
| The colony did not give any order in any of the culture media tried,

(Table~S),

ﬁh?if. .

Sy age
ET
A



Table 6: Colony dimensions qugﬁmgﬁ;ﬂggzguiﬁgla;e No,2
fferen t di t

(Mean © ur icates i )

Time of

observa= Qg;gnx digmeter of T, paradoxa ;golgtelNQ.a

tion

after

inoccul a-

tion -A OWA-C DAPA KA

in days PDa CMA OMA CTEA OWA-A
1 . ]o? 3-1 2.7 208 207 ’ 005 3.6 1}-2
2 L6 6.6 7.1 6.3 6.2 0.5 74 9.0
3 9.0 9.0 9.0 9.0 9,0 0.6 9.0 9.0
i 9.0 9,0 9,0 9.0 9,0 0.9 9.0 9,0
5 9.0 5.0 9.0 3.0 9.0 1.1 9.0 9.0

«._.._._....-_..__._-...___———.—.....-__———-_.....-.__—.——.-—_-—_-'-_.-.-_——————-—_-———.—..—-.—.——_-—
_.-.—__.___--.——-_—_-._._-.-_————..-».-—..___.—-_.-_—_—.—.__—-—-«-._.-__—_...-_..__—_____—_

PDA = Potato Dextrose Agar

CMA = Corn Meal Agar

OMA = Oat Meal Agar

CTEA= Coconut Tissue Extract Agar

OWA-A = Oak Wilt Agar-aA

OWA~C = Qak Wilt Fungus Agar-C

DAPA = Dextrose Aspai%ine Phosphate Agar
KA = Kirchoff?s Agar



Fig.2 Growth rate of T. poradoxvo isolate - 2
on different culture media
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Flate-8. Effect of culture media on growth of

I. paradoxa isolate No.3.

Effect of Culture media on growth of T paradoxa isolate| No. 3




Table-7:_Colony characterg of I. paradoxa jigolate No.Z on

different culture media on different days.

Time of
observa-
tion ter Culture media used
after C6lony characters :
inocusas PDA CMA OMA CTEA OWA-A OWA~C DAPA KA
e 2 5 4 5 6 7 8 9 10
|
1 Margin C+E C+E- C+E C+E C+E NG C+S C+
Elevation - - - * + NG ++ 44
Coloup:Lep surface W W oW W NG W W
Riverse side W W NV Cr w NG W W
Odour - - = - - - - -
Margin C+E C+E C+E C+E C+E NG C+E C+]
Elevation +++ + ++++ ++  ++++ NG ++++ 4+
Top surface W W W W W NG woow
Colour piverse side W W NV NV W NG Woow
Odour - - - - - - - -
Margin C+E C+E C+E C+E C+E C+E C+E C+k
Elevation ++++  + 4+ +++  FF et - ++4++ 44
. u G W W W W G W W
0louripiverse side G ‘W NV N W g G @
Margin C+E C+E C+E ' C+E C+E C+E C+E C+E
Elevation L S O R S OPRFIFI ++b+ 4
u G W @ G W G G @
COl0UriRiverse side & W G N  cr b6 pa G

Odour

contd., ...



Table 7 contd

L 2 3 4 5 6 7 8 9 10
5. Margin C+E C+E C+E C+E C+E C+E C+E C+E
Elevation . +4 + +++ +++ b+ - +4++ ++
I0p surface G G @ G ] G G G
Colour Riverse side DG G DG GB ¢y DG DG G
Odour - - - - - - - -

PDA = Potato Dextrose Agar.,
CMA = Corn Meal Agar,
- OMA = Oat Meal Agar.
g CTEA = Coconut Tissue Extract Agar.

£

., OWA-A = Oak Wilt Agar-a.
}.OWA=C = Oak Wilt Fungys Agar-C.

i DAPA = Dextrose Asparngine Phosphate Agar.
4 = Kirchoff's Agar.

BC+E = Circular and Entire

%i}s = Circular and Serrate

= Cream

B+6 = Dark Green

¥ = Qdrey

= Greyish Brown

= Not vigible

= White

= Absent ,
= 1/4th height of Petridisgh,
b = 9/200 0 |

B+ = 3/4th "

b+ - Fu "



Table-8: Colony dimensiong of T, paradoxa isolate No,.3
on g;{ggrent.ggltggg media on df fferent davs

(Me Q our replicat in cms)

Time of

Observa-~ ‘

tion Colony diameter ofl, paradoxa isolate No,3

after

inocula=-

tion ' :

in days. PDA CMA OMA CTEA OWA-A OW;-C DAPA KA
1 Tod 2e1 1.8 2¢5 1.9 0.5 2.4 2.1
2 2.5 4.9 4.8 5.8 5.1 0.5 7e 1 6.8

-3 3.6 6.5 6.4 7.4 7.3 Oe5 2.0 8.7

4 8.0 7.5 7.9 9.0 8.0 0.5 3.0 9.0
5 9'0 9'0 900 900 900 005 9.0 9.0

. PDA = Potato Dextrose Agar.
' CMA = Corn Meal Agar.
lOMA = Oat Meal Agar
CTEA= Coconut Tissue Extract Agar
Oak WiltAgar-a
Oak Wilt Fungus Agar-C
Dextrose Aspaé%ine Phogphate Agar,
Kirchoff£'s Agar

R YU 0O o
"R EE
= 1

Q >

@ 0 n u
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Fig.3 Growth rate of T.paradoxa isolate- 3
on different culture media
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Table 9: Colony characters of T. pa;ggoxa igsolate No.,3 on
4iffernt culture media on different days.

Time of

opserva-

tion Colony characters Culture media used

after , .

inocula~- .

tion in

days - PDA __ CMA OMA CTEA OWA-A OWA-C DAPA KA

1 2 3 4 5 6 7 8 9 10

1 Margin T C+E C+E C+E C+E C+E NG  C+S C+S
Elevation + 0= - - + Na@ + ++
Colo~122-§HI£££ﬂ . PW PW PW PW PW NG PW PW

ur Riverse side P¥% PW NV NV PW NG PW PW
Odour - - - - - - - - -

2 Margin ' C+E C+E C+E C+E C+E NG C+S C+8
Elevation +htt + ++++ +  ++++ NG PP e
Colour:ToP surfasce Pw PW PW PW PW NG PW PW

Riverse side PW PW NV NV W NG Pw PW

3 Margin C+E C+E C+E C+E C+E NG  C+E C+E

" Elevation ++++ + ++++ ++ +++ NG et At
Colour:IQE—ﬁuziﬁﬁg PW PW PW PW PW NG PW PW
Riverse side LY 'W_ NV NV W NG PW PW

Odour - - - - - - - -

L Margin C+E C+E C+E C+E C+E NG  C+E C+E
Elevation 4 - ++++ ++++ +++ NG ++++ +++
Colo~ Top_ surface PW h PW PW PW PW NG P¥ PW
ur : Riverse side LY PW LY NV PW NG PW PW
Odour ' - - - - - - - -

contdeess




1 3

Table 9 contd.

1 2 | 3 4 5 6 7 8 9 10
5. Margin C+E C+E C+E C+E C+E NG C+E C+E
Tlevation +++4d - ++++ +4++4+  +++ NG +++ +++
Colour: T 'ur e PW PW PW PW PW NG P\W Pw
Riverse side LY PW LY NV PW NG G G
Qdour - - - - - - - -

———— e de A ————— e —— o et R . b Wy T i My Ty Tme o VN S M AL AN M e e e v S M = S G ww S i e A e e e e W e S Y T

- E e T e S L E T L T e S S e e e e e s e v = o e — e e S T e ——

PDA = Fotato Dextrose Agar.

CMA = Corn Meal Agar., '

OMA = Oat Meal Agar.

CTEA = Coconut Tissue Extract Agar.

OWA=A = Oalk Wilt Agar-A. ,

OWA=-C = Oak Wilt Fung%f Agar=-C,

DAPA = Dextrose Aspaggine Phosphate Agar.

KA = Kirchoff's Agar.

C+E = Circular and Entire
C+S = Circular aand Serrats.
@ = Grey

= Light Yellow

= Not visible

= Pure white

= Absent ¥

= 1/4th height of petridish.

= 1/2nd oo

= 3/4th L N & .
= Full . " S -




13 Ui

Igolate No,4s T. paradoxa iéolate—h did not snow good growth on

any of the culture media (Plate 9 ). The colony diameterfiid not
exceed 1.5 cm on fifth day on any culture media tried.(Table 10)
(Fig.4). It showed negligible growth on OWA-C medium. The colony
was found circular with entire margin in all the media where

growth was observed (Table-11). Even on the third day after inocu-
lation, the colony was flat. The top surface of the colony was
grey in colour. lhe codofty did not give any odour in any media

used.

Isolate No,5: I. paradoxa isolate No.5 showed maximum rate of
growth (9 ecm. diameter on fifthday after inoculation) on DAPA
(Table=12) with an insignificant rate of growth on OWA=C medium
“(Plate-lo) (Fig.5). The colony was found to grow with an irregu-
lar wavy margin on FDA whereas in other culture media, the colony
was round.circular with entire margin (Table=13). Maxiﬁum elevation
of the colony ( ++++) was found on DAPA medium when compared %o
other media. The colour of the top surface of the colony varied
in different culture media. The coiony was white on PDA after 72
nhr. of growth, grey on (MA and OkA, and dark grey on CTEA medium.
In OWA-A, DAPA and KA media, the colony was found grey at the |
centre with a beripheral white cploured margin. The reverse side
of the colony was greyish white on PDA and CTEA; and dark grey on
Q1A and OMA media on the third day after inoculation. There was
no difference in colour on the top surface and reverse side of the

colony in OWA-A, DAPA and KA medium. The colony did not give any



Plate=9, Effect of culture media on growth of
I, paradoxa isolate No.4.

Effect of Culture media on growth of T.paradoxa isolate| No— 4

‘Plate-10. Effect of culture media on growth of

L. paradoxa isolate No,5.,




| | %
Table 10: Opy_‘dimen of T, paradoxa isolate No,4

erent u ent d

(Mean of four replicates in cms)

Time of

observa- olo iameter of T arado iso

tion g 5

after OWA-A  OWA-C APA KA

inocula- PDA  CMA  OMA CTEA

tion

in days
1 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
2 0.6 °:7 0.6 0.6 0.6 0.5 0,6 o.6
3 1.0 1.2 . 009 1.2 ’ 101 005 1.0 009
4 1.3 1.3 Tel 1.2 1.1 0.5 1.2 1.2
5 1.5 1.4 1.3 1.4 1.3 0.6 Ted 1.3

—....-._..—...-.-—_—_—-—__.——.—-—-—..._-__-.—-.-...—.-————..--—_-._-.-———.—-—_--_——-—-._q--————-._-.._._-
_--.——._-__.-_-—_-_-..——-—--.—-,—-._--—-.—-...—-——.—--.—.——-——-—-.————-—-._—._—w——q.—_.——.——-—

PDA = Potato Dextrose Agar,

CMA = Corn Meal Agar

oMa Oat Meal Agar

CIrEA =Coconut-Tissue Extract Agar,
OWA-A=Oak wilt Agar-A

DWA-C=0ak wilt Fungwg Agar-C

DAPA =Dextrose Aspaqgine Phosphate Agar
KA  =Kirchors'g Agar

]
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Fig. 4 Growth rate of ¥ paradoxa isolate- 4
on different culture media B
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pable 11: Colony characters of I. paradoxa isolat

different culture media on different days.

Time of
observa-

Colony characters

Cul ture media used

ipocula- _
tion in PDA CMA OMA CTEA OWA-A OWA-C DAPA KA
2 3 4 5 6 7 8 10
"Margin NG NG NG NG NG NG NG
Elevation
Top surface
Colo- . ;
ur Riverseside
Cdour
Margin C+E C+E C+E C+E C+E NG C+E
Elevation - - - - - NG -
Colour: Top surface G G G G G NG G G
Riverseggide G @ G RB G NG DG
Odour - - - - - NG -
Margin C+E C+E C+E C+E C+E NG C+E
Elevation - - - - - NG -
Colou Iop gurface G G G @ G NG G
T  Riverseside G G G RB G NG DG
Odour - - - - - - -
Margin C+E C+E C+E C+E C+E NG C+E
Elevation + - - + - NG -
Coloup: Lopsurface G G G G G Ng G
Rivefseside DG G G kB G NG DG
Cdour - - - - - - -

contd. L] o LY
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Taole 11 contd. ¢
1 2 3 I 5 ., 8.9 10
5. Margin ' C+E . C+E C+E ~ C+E C+E C+E C+E C+E

Elevation + + - + + - + +
¢h1- Lop surface G - G G G G G G @
our Riverseside DG DG G RB G G B B
Odour . - - - - - - - -
=== :‘z=x==============#=======:=.—.================:::==========.—.========:
FDA = Fotato . Dextrose Agar.
CMA = Corn Meal Agar.
OMA = Oat Meal Aguar.

CTEA = Coconut Tissue Extract Agar.

OWA=~A = Oak WiltAgar-A,.

OWA-C = Oak Wilt Fungus Agar-C.

DAPA = Dextrose Aspaﬁéipe Phosphate Agar,

KA

Kirchoff s Agar.

= Circular and Entire.

= Dark Grey.

= Grey.

= Keddish 3rown

= Absent

= 1/4th height of petridish.
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Table 12: Colony dimensions of T. paradoxa isoclate No,5%
n different cultur eds erent d

Me of u eplicates j m

Time of . . ‘ )
observa- Colony diameter of T. paradoxa isolate No,5

tion

after PDA CMA OMA CTEA OWA-A OWA-C DAPA KA
}noculation
1 1ed 1.3 3.2 1.2 1.5 0.5 1.2 0.9
2 2.5 2.7 2.6 3.3 3.1 0.5 2.9 Lok
3 3.4 3.7 4o 4.0 4,1 0.5 6.4 5.5
4 5.1 4.5 5.0 4.6 5.5 0.6 9.0 7.1
5 6-9 5-4 ?01 900 ?-8 0.8 9.0 9.0

= - o —..—_——...a-———-.q..—_———4-.-———_-__——u—_c——--—-—c————-..-..._———.-._——-—————._——-—_

PDA = Potato Dextrose Agar,

CMA = Corn Meal Agar.

OMA Qat Meal Agar.

CTEA = Coconut Tissue Extratt Agar,

OWA-A = Oak WiltAgar-a,

OWA-C = Oak wilt Fungus Agar-C,

DAPA = Dextrose Aspaq%ine Phosphate Agar .
Ka = Kirchoff's Agar.
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Fig.5 Growth rate of T1. paradoxa isolate -
on different culture media
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Table 13: Colony characters of L. paradoxa isolate No,5 on

8o

different culture media on different days.

Time of
observa-
tion
after Colony charscters. . . _Culture medig uged
inocula- ' ‘
tion in PDA CMA OMA CTEA OWA-A OWA-C DAPA XA
days
?y 2 5 4 5 6 7 8 9 10
1 Margin C+E C+E C+E C+E NG I C+E
Elevation + + + + + N@é + +
H ; W
Colo TQ ur W w W GW W NG W
ur Hiverseside LY W LY RB W NG ) W
~ Odour - - - - - - - -
2 Margin I C+E C+E C+E C+E NG C+N C+8
Elevation + o+ ++ ++ + NG ++ ++
Colo-. fop_suriace W CGPW ‘W G CGPW NG CGPW  CGPW
ur Riverseside . W CGPW LG GB CGPW NG CGPW CGPW
Odour - - - - - — -
3 Margin I C+E C+E C+E C+W NG C+E C+E
Elevation + ¢ ++ ++ + NG +++ ++
Colo-Iop gurface W G G DG CGPW NG CGPW  CGPW
Ur % Riverseside GW DG DG @B CGPW NG CGPY  CGPW
4 Margin I C+E C+E C+W C+W C+E C+E C+E
Elevation + + ++  ++ + - ++++ 4
Y ; .
Colo-lo0P surface GW G @ G GW WG WG
ur : Riverseside GW GW DG DB G DG G G
Odour - - - - - - - -

contd.. «..



Table 13 contd.

1 2 3 4 5 6 7 8 9 10
5. Margin I C+E C+E C+W C+W  C+E  C+E C+E
Elevation + + ++ +++ 4 - ++++ ++
' ' G aw G G
ur: Riverseside G DG DG DB G DB DG DG

Qdour - - -

e ot S e . T M T e T S A S = S T S T e S T e S S e e e e e B e oy A S S S et U L B A e e o ) e o D ok o o e e e S e e B e 4
e R A e e N e e T R T N S S S N ST N S e N T e s e e e e e o o o o e o e o o o e e Ty oy o o e e e e e e e — —

PDA = Potato Dextrose Agar.

CMA = Corn Meal Agar.

OMA = Qat Meal Agar.

CTEA = Coconut Tissue Extractdgar.
OWA=-A = Oak Wilt Agar-A.

OWA=-C = Qak Wilt fungus k¥ar-C.

DAPA = Dextrose Aspargine Fhosphate Agar.
KA = Kirchoff's Agar.

C+E = Circular and Entire.,

C+S = Circular and Surrate.

C+W = Circular and Wwavy

CGPW = Centre Grey and Perifery white,
Da, = Dark Grey '

GB = Greish Brown

GW = Greyish White

I = Irregular,

LG = Light Grey

Ly = Light Yellow
RB = Reddish Brown
W = White
~ = Absent

+ = 1/4th height of petridish.
++ = 1/2nd " '
++4+ = 3Z/LEh Ton

++++ = Full height of petridigh.



odour in any of the media used.

Isolate No.6: I. paradoxa isolate~6 showed maximum rate of growth
(9 can. diameter on thirqhay after inoculation) on FDA (Plateil)

(Fig.6). Among the six isolates of I. paradoxa, this was the only
one isolate which showed maximum rate of growth on PDA medium.

On the fifth day of inoculation itself, the fungus filled the
entire petridish in all the seven media except OWA-C, in which

it did not show any sign of growth at all,(Table-%4)., The colony
was clircular with entire margin on the third day of inoculation
on all the seven culture media where growth was noticed.{(Table 15).
Slight elevation of the colony (++) was found only on FDA and

Q1A where as the colony was flat in all other culture media. The
top surface of the colony was found white in colout on CTEA medium
on the third day after inoculation., The colour of the top surface
of the colony was found grey on (MA and OWA-4 media, and dark

grey on QMA medium. On PDA, DAPA and KA media, the colour of the
top surface and reverse side of the colony was alike with grey
centre and whitish periphery on the third day after inoculation,
There was no significant difference in the colour of the top
surface and reverse side of the colony on CMA medium, on the

third day after inoculation. The reverse side of the colony was
black in OMA and OWA-A medie on the third day after inoculation.
In CTEA medium the colony colour on the reverse side was not

visible due to opacity of the medium. 4 characteristic ripe



Plate=11., Effect of culture media on growth at

T, paradoxa isolate No.b.

Plate-12. Effect of PDA on the growth of different

isolates of I. paradoXa.
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Table 14: Colopy dimensions of_:& paradoxa isolate No,6
n different culture media o ferept d

(Mean of four replicates in cms)

Time of

observa- )

t%in Colony diameter of T, paradoxa isolate No,6
after

inocula~-

tio _ .
ii gays PDA CMA OMA CTEA OWA-A OWA-C DAPA KA

1 3.0 2.6. -1.5 1.8 2.7 0.5 2.6 2.5
2 700 4.6 2.2 45  4el 0.5 Leb6 47
3 , 9.0 7.3 5.2 8.0 6.0 0.5 7 1 ?.o
Ty 9.0 8.0 9.0 8.5 7.0 C.5 7.5 7.5
5 9.0 9.0 9.0 9.0 9.0 0.5 9.0 9.0

P T T T e o T o I T T T T o o oo o o T o o = ok o o o o S e e o o0 S o S e o e - e Y . N A e e S S - e A e
L L SRR Ll S i i T T S S S LA e oy e e e e e e o e T TR AR AR AR EE A e e R R N RSN SmEe—

PDA = Potato Dextrose Agar.

CMA = Corn Meal Agar.

OMA. = Oat Meal Agar.

CTEA= Coconut Tissue Extract Agar.

OWA-A = Oak Wilt Agar-A.

- OWA=C = Oak Wilt Funggg Agar-C,
DAPA = Dextrose Aspaqgine Phosphate Agar.
KA = Kirchoff's Agar.



colony dia. of 1. parodoxa on 3rd day
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Fig.6 Growth rate of I.pcrgigxa isolate - 6

—
L=

on

different culture media
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Description of media
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fable 15: Colony characters of I. paradoxa igolate No.6 on
different culture media on different davs.
Tige of ’ | |
Oobserva-
tion .
after Colony characters ____Culture media used
ipocu}a-
;3}132 L0 PDA CMA OMA CTEA OWA-A OWA-C DAPA KA
i 2 ) 3 b > 6 7 8 9 10
1 Margin C+E C+E C+E C+E C+E NG C+E C+E
Elevation - - - - - NG r -
Colo— LOp gurface W W ST W WG NG WG WG
ur : Riverseside W w MNV NV WG NG WG WG
Odour Fs F8 F§ FS FSs N¥8 FS FS
2 Margin C+E C+E C+E C+E C+E NG C+E C+E
Elevation + + - - - NG - -
Colo-:Iop surface  CGPW W W W G NG CGPW CG
ur {Riverseside " W W NV G NG n PW
Odour FS Fs FS Fs FS NG FS FS
3 Margin C+tE C+E C+E C+E C+E NG C+E C+E
Elevation + + - - - NG - -
colo_f.mm CGPW @ DG W G NG CGPW CG
ur ' Ri ' PW
. Riverseside ! il B NV B NG 1 "
Odour Fs FS FS Fs Fs NG FS FS
4 Margin C+E C+E C+E C+E C+E BKa C+E C+E
Elevation + + - - - NG - -
. Colo- Ao _surface G we @ ] @ NG CGPW CG
ur ; Riverseside D& W& B N B Ng n EW
1]
Odour FS FS Fs FS FS NG FS FS

contd. [ XN}
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Table 15 contd.

1 2 3 4 5 6 7 8 9 - 10
5 Margin C+E C+E C+E C+E C+E NG C+E C+E
Elevation _ + + - - - NG - -
Colo_Tog gurface D@ W& DG D& G NG CGPW CGPW
ur Riverseside DG WG B NV B NG n "
Odour Fs FS FS Fs Fs NG FS Fs

——-——_a._—__..——-——-..-.-.—-———.——-——-...———_—....—-——_.q._.————-.n-—_—__._....—
e~ == —$— ==y -.___._______-___._-__._...__,______,____-_..____.._.._.,__.__

PDA = Potato Dextrose Agar.

GHt = GoEruigRlafget-

CTEA = Oat. Meal Agar.

OWA=A = Oak Wilt Agar-M.

OWA~C = Qak Wilt Fungus Agar-C.

DAPA = Dextrose Aspaqgine Phosphate Agar.

KA = Dirchoff's Agar.
B = Black
C+E _ = Circular and Entire
CGPW = Centre Grey and Perifery white.
DG = Dark Grey
G = Grey
NV = Not visible
ST = Semi transparent.
W = White
WG = Whitish Grey.
- = Absent,.
+ = 1/4th of height of petridish.

FS$ = Fruity Smel
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&

pineapple smell was found to emit from the colony in all the

eight culture media(Table 15). Perhaps due to this fruity smell,

flies like Drosophila sp. were attracted to the cultures.

" Such a

characteristic fruity smell was not given by any other isolates of

T, paradoxa in. any growth medla tried.

b.b,2

-

When the growth rate of all the six isolates of Is parasdoxs
was compared on different media tested, a lot of variations was
observed in different isolates in their growth rate in each
culture medium.(Table=16)(Plates 12, %) (F.'_Lg.'?). T. paradoxa
isolate Nos;2,3,5 and 6 were found to grow faster in culture
media whereas first and fourth isolate of I? paradoxa were
found as slow growers in all the eight media tried. Fruity
smell was discernible only in isolate No.6 in all media,

whereas no other isolate produced this smell,
Morvhological characters:
Study of mycelial characters (Colour of hyphae,

diameter of hypha, presence of hyphal rings in the mycelium
etc.), conidia and chlamydospore of each isolate of T. paradoxa

in all the eight growth media was done,

L.4,2.,F Mycelial characters:

The colour of hyphae under the microscope using tungston

illumination and blue filter was found to be brown in

- o



Plate=-13., Effect of OWA-A medium on the growth of

different isolates of I. paradoxa.

Plate-14. Effect of DAPA medium on tHe growth of

different isolates of I. paradoxa.




Table 16: Growth of different igolates of T, paradoxa
on eight culture media on the fourth day
after inoculation

Cul ture medium Colony diameter off. paradoxa isolates

used' (Mean of four replications in cam.)
R 2 3 4 5 6
PDA 0.7 9.0 8.0 1.3 5.1 9.0
CMA 0.7 | 9.0 7.5 1.3 ke 5 8.0
OMA 0.6 9.0 7.9 1.1 5.0 9.0
‘ CTEA 0.6 9.0 9.0 1.2 4.6 5¢5
OWA=-A 0.6 | 9.0 8.0 1;1 5.5 7.0
OWA=-C 0.5 0.9 0.5 0.5 0.6 | 0.5
DAPA 0.7 9.0 9.0 1.2 9.0 745
XA 0.7 9.0 9.0 1.2 741 75

PDA = Potato Dextrose Agar.

CMA = Corn Meal Agar.

OMA = Oat Meal Agar.

CTEA = Coconut Tissue Extract Agar.
OWA-A = Oak Wilt Agar-A

OWA-C = Oak Wilt Fun§Ps Agar-C,

DAPA = Dextrose Aspaqgine rhosphate Agar,
KA = Kirchoff's Agar..
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Fig.7. Variability -in growth rate among isolates
of T.paradoxa on Potato Dextrose Agar mediun
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in I, paradoxa isolate Nos.1 and 5; light grey in I. paradoxa
isolate Nos.2 & 4 and hyaline in I. paradoxa isolate Nos. 3 and
6 respectively (Table-17). The hyphal diameter was found to
vary from 1.84to 3.6 M in isolate Nos.1,2,4 and‘6 and from
T.5M to 3.0 M in isolate Nos.3 and 4. A characteristic hyphal
ring like structure was observed in the mycelium of I. paradoxa
isolate~1, which was not seen in other isolates(Table 17)
Platel¥)., A special dark Brown, thickwalled, coiled structure
was observed predominantly in the old cultures of I. paradoxa
isolate-1 (Plate |4) which was lacking in .other five isolates

of I. paradoxa.
diffe I. paradoxa:

The endoconidial formation was studied in all the six
isolates of I. paradoxa in eight different culture media,
viz, PDA, Q1A, QMA, CTEA, OWA-A, OWA-C, DAPA, and KA media.
Observation was done for ten days after inoculation. Only
isolate No.6 of I. paradoxa produced endoconida. However

L4

none of the other five isolates produced endoconidia in

any of the media tested (Table 18).

When formation of conidia in isolate no.6 of I. paradoxa

- in eight different culture media was studied, it was found that

the fungus isolate produced endoconidia in seven culture media
viz., PDA, CMa, QA, CTEA, OWA-A, DAPA and KA media on the third
day after inoculation. The fungus did not show growth on OWA-C
medium ﬁpto seventhday after inoculation., On the eight day
after inoculation, the fungus showed growth and on the nineth day
1t produced endoconidia in OWA~C medium also, |

!
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Table 17: cell charazcter

of I. paradoxa.
Mycelial character ola .

1 e 3 4 5 6
Colour Brown Light Hyaline Light - Brown Hyalin#®

Grey Grey _

Hyphal diameter 1.8/“ 1.8'/6& 1.5/“ 1.5 M4 1-5/“ 1-8/“
(in M) to to to  to to to
Fresence of hyphal
rings in the
wycelium P A A A A A
Fresence of a
special hyphal
colled structure P A A A A A



Plate-15. Fungal mycellium of I. paradoxa isolate No.1

showing ring formation.

Plate-16. Fungal mycellium of I. paradoxa isolate No.1
showing thick coiled structures.




Table 18: Conidi ormation and c¢ cters
of I. paradoxa.

Isolates Occurrence Copidial formatiop and charagters -

Pos;tion Colour Shape Sige
Nos»
1 to 5 Absent - - - -
N e )
0.6 Present Terminal Hyaline Rectan- 3.6 A x 7.2 M
gular ! to

- 306/43( IBOOM

&= Conidia formed on ﬁhe 3rd day after inoculation on
7 media(mansaky PDA, CMA, OMA, CTEA, OWA~A, DAPA and KA)
and on 9th day on OWA~C medium.



Conidia were produced in terminal chains within a flask
shaped conidophore (Platel7). Conidia produced in chains are
released one by one. These endoconidia are hyaline and are

rectangular in shape (Plate I8). The size of conidia ranges
from 3.6 x 7.2 M to 3.6 Mx 18.0 M (Table-18).

4,4,2.3:Chlamvd re for ion _in differe isolates by T. paradoxa.

Chlamydospore formation was studiea in all the six

isolates of T. paradoxg in eight different culture media,

I. paradoxa isolate No.1 produced chlamydospores first
on PDA and OMA on the ninth day after inoculation. In DAPA and KA
medja, chlamydospores were produced on 15th day after inoculation
(Taﬁle-19). In QuA and OWA=C, dhlamydospOres are produced on
twentiath day after inocuiation. In OWA-A and CIEA, chlamydospores
were produced on 25th and.30th day after inoculation réspéctively:

I. paradoxa isolate Nos. 2 and 3 produced chlamydospores
on sixth and seventh day respectively after inoculation in all
the eight culture media (Table-20).

In the ‘case of isolate No.4, no chlamydospore was formed

in any media even after 60 days after inoculation (Table=-20).

L. paradoxa isolate-5 produced chlamydospores on 5th day
after inoculation on FDA, 'QMA, OMA, OWA-A, DAPA and KA media.
| Chlamydospores were observed on the ninth day after inoculation
on CTEA and OWA~C media (Table=21).

.

In the Case of isolate no.6 of T, gg;g_gxg,chlamydospore

formation was observed on the third aay itself after inoculation



Plate 17. Conidial production in I. paradoxa

isolate No.6.

Plate 18. Conidia of I. paradoxa isolate No.6
shewing the rectangular shape.
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Table 19: Chlamydospore formation in T. paradoxa isolate No, i

on different culture medig.

Days .
after Presence or absence of chlamydospore on ditferent
inocu- culture media
lation :
' PDA CMA OMA CTEA OWA-A OWA-C DAPA KA
8 Ab Ab Ab Ab - ADb . Ab Ab Ab
9 P Ab P Ab Ab Ab Ab Ab
15 P Ab P  Ab  Ab Ab P P '
20 P P P Ab Ab P P P
25 P P P ADb P P P P
30 P P P P P P P P

R T N T T T T T s e — e = e e e ot e o
_._._____——__.._—__—._—__.-..._—_—_.—_.—_—....-_.—_._...._
..—-....-__._..—-..—._—--——_...__..._.__—__-_-.—-———.—-—-—-—-——_———.——._—._...._.-.—_—..._--—_—..—

Ab = Absent PDA = Potato Dextrose Agar
P = Present CMA = Corn Meal Agar.
OMA = Oat Meal Agar.
CTEA = Coconut uissue Extract Agar.
OWA-A = Oak WiltAgar-A.
OWA-C = Qak Wilt Fung%g Agar-C.
DAPA = Dextrose Aspaygine Phosphate Agar.
KA. = Kirchoff's Agar.
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Taﬁle 20: Chlamydospore formation in I. paradoxa igolate
Nos.2,3 & 4 on different culture media.

Days after Presence or absence of chlamydospore on different
inoculation culture media
PDA CMA OMA CTEA OWA-A OWA-C DAPA XA
Isolate No,o
5 Ab Ab Ab Ab Ab Ab Ab Ab
6 P P P P P P P P
Isolate No,3
6 Ab Ab Ab Ab Ab Ab Ab Ab
7 P P P P P P P P
Isolate No,4 °
b Ab Ab Ab Ab Ab Ab Ab Ab
60 Ab Ab Ab Ab Ab Ab Ab Ab
Ab = Absent PDA = Potato Dextrose Agar.
P = Present CMA = Corn Meal Agar.

OMA = Oat Meal Agar.
CTEA =Coconut Tissue Extract Agar.
OWA-A = Oak wilt Agar-A.
OWA-C = Oak Wilt Fungus Agar-C.
o
DAPA = Dextrose Aspaqgine Phosphate Agar.
KA = Kirchoff's Agar.
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Table 21: Chlamydogpore formation in I. paradoxa isolate
Nos.5 & 6 on different culture media.

Days after Presence or absence of chlamydospore on different
inoculation _ culture medig

PDA CMA OMA CTEA OWA-A OWA-C DAPA KA

Isolate No

4 Ab Ab  Ab Ab Ab Ab Ab Ab
5 P P P Ab P Ab P P
9 P P P P P P P P
Isolate No,6 |
2 Ab Ab Ab Ab Ab NG Ab Ab
3 P P P P P NG P P
8 P P P P P Ab P P
9 P P P P P P P P
Abd = Absent PDA = Potato Dextrose Agar.

P = Present CMA
NG= No growth of Fungus OMA

Corn Meal Agar

Oat Meal Agar.

CTEA= Coconut Tissue Extract Agar.

OWA-A = Oak Wilt Agar-A

OWA-C = Oak Wilt Fungus Agar-C.

DAPA = Dextrose Aspa?gine Phosphate Agar.
KA = Kirchoff‘s Agar.
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in PDA, QMA, OMA, CTEA, OWA-A, DAPA and KA media. In

OWA-C medium no observable growth was noticed upto seventh
day after inoculation(Table-21). However, on the eighth day
growth of the fungus was observed and on the ninth day,

chlamydospore formation was observed.

Morphological characterg of chlamydospores:

The position, shape and size of chlamydospores varied in
different isolates of I. paradoxa. In I. paradoxa isolate-1
both intercalary and terminal chlamydospores were produced
(Plate 49)(Table-22). Here the chlamydospores were brown,
oval and the size ranged from 3.6 M x 7.2 Mto 3.6 Mx 10.8/*h
In I, paradoxa isolate Nos.2, 3 and 5, only intercalary
chlamydospores were produced which were brown in colour
(Platesdo2s¥%)The chlamydospores were oval in isolate-2,
spherical to oval in isolate-=3 and oval to oblong in isolate=5
respectively. The size of chlamydospore in T. paradoxa
isolate~2 varied from 3.6M x 7.2 Mto 10.8 M x 43.2/Ak In
T, paradoxa isolate-3, where both spherical and chlamydospores
were noticed, the size of spherical chlamydospore ranged
from 7.2M to 21.6 M (Diagonal measurement)and the size of
oval chlamydospores ranged from 7.2M x 10;8/M to 14.4 A x
21.§/q4 The size of oval to oblong chlamydospores in T,
paradoxa isolate-5 ranged from 3.6 M x 7.2 M to 10.8/ﬂ1x 32.4 4.
In T. paradoxa isolate-6 chlamydospores were found to produce
only terminally (Plate 23 ) either singly or in chains.



Plate 19, Terminal and intercalary chlamydospores

of I. paradoxa isolate No.1l.

Plate 20. Intercalary chlamydospores of
L. paradoxa isolate No.2,




Plate 21. Intercalary chlamydospores of I. paradoxa

isolate No.3.

Plate 22. Intercalary chlamydospores of T. paradoxa

iSOIate N005.




Plate 23. Terminal chlamydospores of I. paradoxa

isolate No.6.




Table 22: Qccurrence and morphological characters of
Chlamadospores of different isolategs of I. paradoxa,

88

' Character Isolates of T. paradoxa.
1 2 3 b 5 6
Occurrence Present Present Present ?bsent Present Present
even A
(9-30)® (6)® (n®  arter  (5-9® (3-9)®
60 days)
Position Both Only Only _ Only Only
' terminal inter- inter- inter- termi-
and calary calary calary nal
inter- either
callery singly
or in
chains.
Colour of Brown Brown Brown - Brown Brown
chlamado§pore .
Shape of Oval Oval Sperical - Oval Oval
Chlamadospore and to
oval oblong
Size of
Chlamadospore 3,64 3,6M 7.20% 564 3.6/
7o 2p 7-2H 21,64 72M % 7.24
to to & - to to
2 64 10- 84 7.2 4 10,84 10,84
10.8 P X *
IO.QN 32.qu X
43.2 y to 25.2/M
ThehM
. 21’.‘6/4

@ = Figures in parenthesis denote the range of days after

.inocuiation when chlamadospores were present in different :

media.
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The chlamydospores were brown in colour and oval in shape with

a size range of 3.6 4 X 7.2 M To 10.8 M x‘25.2/u.(Table—22).

4.4,2.4 Perfect stage of I. paradoxa,
The gréwth studies lasted for four weeks in the case of
T. paradoxa isolate Nos.1,2,3, 5 and 6 and for eight weeks
in the case of isolate no.k. During the case of study, no
perfect stage or initials of perfect stage were observed in

any of the isolates on any of the growth media studied.

4,5 Studies on the interaction of the associated mycoflora with

isolates of T. parsdoxa in vitro:

The fungi isolated from the bark of the stem bleeding

affected palms and/or from the soil from palm basin were
used for the in vitro studies of their interaction with the
isolates of I. paradoxa. Among the various fungi isolated,
Acremoniun. sp (Two isolates), Aspergillug niger, A. terreus,
Chalaropsis sp, Paecilomycegs varioti, FPenicilljum citrinum,
P, diverseum, P. janthinellum (two isolates), Pestalotiopsis
palmarum, Trichoderma harzianum (two isclates), I. viride
(three isolates) and two unidentified members of mycelia

sterila were used for the interaction studies with

T, paradoxa. Among the six isolates of T. paradoxa, isolate
nos.1 and 4 were not taken for interaction studies due to

. their poor growth on Qarious culture media. For the in vitre

studies on the interaction, isolation No.2 was grown on

KA medium, isolate Nos.3 and 5 on DAPA medium and isolate
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No.6 on PDA medium because of their best growth in the

respective media.

Preliminary studies on the interaction of eighteen fungi

associated with stem bleeding affected palm, with the

isolates of I. paradoxa.

4.5.,1.1 T. paradoxa isolate=2.

Among the eighteen fungi used for the study of their
interaction with T. paradoxa isolate=2, Agpergillus niger,
Trichoderma harzianum and I. viride exerted maximum
inhibition on the growth of I. pg;g@g&;.;g_g;;;g(Table-ZB).
A niger caused 13.6% inhibition of growth of I. paradoxa
(Plate-24). All the isolates of Irichoderma viz. I. harzianug

(two isolates) and T. viride (three isolates) caused consi-
derable reduction of growth of Thielaviopgis paradoxa.

I. harzianum inhibited the growth of I. paradoxa by over

14% within 24 hours after inoculation of the dual cultures.
Thq&hree isolates of I.viride reduced the growth rate of

T. paradoxa isclate-2 by 15.38%, 12.5% and 25.0% respectively

in 24 hrs. after inocuiatiod. Aspergillus terreus,

Paecilomvces varioti, Penicilliun diverseum, P. janthinellum
isolate-1, and Pestolotiopgis palmarum did not show growth

inhibition of I. paradoxa by not more than 5% inhibition
after a lapse of 24 hours. I. paradoxa did not show growth
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inhibition of any test fungi except A. niger where mutual
inhibition of growth was found for one week after inoculation
(Table-23). & yellow pigmented zone was formed in between

the two opposing colonies at their point of contact, after 48 hrs.
of incubation. Acremonium sp., Shalaropsig sp, Penicillium
citrinup, P, Jjanthinellum (isolate-2) and two .unidentified sterile
fungi did not show any. response on the growth of I. paradoxa and

vice versa.
A.niger and all the isolates of Irichoderma harzjianum and

T, viride overgrew on Thielaviopsis_paradoxa colony, when the

dual cultures were kept for 15 days after incculation (Table-24)
(Plates25t29) Intermingling of the colonies with no evidence of
macroscopic or microscopic signs of interaltion was found in the

case of other fungi studied.,

4,5.1.2 I. paradoxa isolate-3.

Twenty percent eéach of mutual inhibition of growth of
I. paradoxa and A. niger was found after 24 hr. of incubation.
(Plate'Soj (Table-25). The growth inhibition was more at
48th hr. after inoculation (Table-26). A yellow pigmented
zone was found at the junction of the two opposing colonies
on the third day after inoculation(Table-28). A. terreug,
Chalaropsis sp., P. palmarum, sterile fungus-1 and sterile
fungus=-2 showed 7.14%, 5.8% , 9,09%, 7.69%, 6.25% of growth
inhibiﬁion ot 1. paradoxa colony respectively in 24 hrs. after -

inoculation. In 48th hr. A. terreus and F. palparum showed
12% and 22,72% of growth inhibition of T. paradoxa.



Table 23%: In vitro gtudies on the interaction of associated
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fungi with T. paradoxa Isolate No,2.

(Results 24 & 48 hrs. after inoculation)

Fungus tested

2y hrs after inoculation

P
Colony radius % of ®olony radius % of 48 hrs.
of I. paradoxa inhi- of test fungus inhi- after-
(in mm) biti- (in mm) biti- inocu-~
on of on of lation
L. par- test
Radius Control agoxa Radius Control fungus
towards towards by I.
test I. pa- paradoxa
fungus radoxa
colony
i 2 3. 4 5 6 7 8
Acremonium sp.1 28 28 0.0 4 L 0.0 I
Acremonium sp.2 28 28 0.0 4 4 0.0 I
Aspergillu
niger. 19 22 13.6 L 5 20,0 MP
A. terreu 22 23 4.35 L L 0.0 I
Chalaropsis sp. 20 20 0.0 N 4 0.0 I
Paecilomycs
varioti 27 28 3.6 4 L 0.0 1
Penicillium
citrinum 24 24 0.0 4 4 .0.0 I
P.diverseum 22 23 4435 L 4 0.0 I
P. Janthi -
P. Janthinellum-] 22 23 4.35 n L 0.0 I
Pe 4 i - .
P ]agth;.nellum 2 26 2b o) 4L I 0.0 I
Pestalotiopsisg
palmarum 22 23 L4435 4 4 0.0 I

contd....
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Table 23 contd.

1 2 3 b 5 6. 7 8
Sterile fungus-1 25 25 0.0 n L 0.0 I
Sterile fungus-2 2.1 21 0.0 L L 0.0 I
Trichoderma

harzianum-1 22 26 15.38 5 5 0.0 0]
I. harzianum-2 2L 28 14.28 6 6 0.0 0
I. yiride-1 22 26 15.38 5 5 0.0 0
L. viride- 21 ?# 12.5 5 5 0.0 0o
I. yiride-3 18 24 25.0 L A 0.0 ©

X = Mean of four replicates.

Control = radius vertically away from the opposing colony towards
the side of petridisnh.

I.-Internlngllng of I. paradoxa and test fungus colonies with no
macroscopic or microscopic signs of interaction.

MP = Mutual inhibition of the growth of Opposing colonies with
-eventual contact but no intermingling, a band of piguented
zone developing at the junction of the colonies.,

O = Over growth of I. paradoxa by the Oopposing fungus, usually
accompanied by inhibition of I. paradoxa on or shortly after contact’



Plate 24, Mutual inhibition of I. paradoxa isolate No.2.

and Aspergillus niger (Photo taken 24 hrs. after

inoculation)e.

(Note: In each petridish"_l:. paradoxa ison left side and test fungus ison right side.)
Prarte

25, Growth inhibition of T, paradoxa and overgrowth

of Irichoderma viride isolate=~1(15 days after

inoculation).

(Note: In each pctridish;l“. paradoxa is on left side and test fungus is on right side.)
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Table 24: In vitro jinteraction of associated funpi with
T. paradoxa igsolate No.Z2,

(15 days_after inoculation)

S.No. Categary Interaction iizgfzciggziagtﬁhe
I. paradoxa,
1 2 3 Iy
1 Intermingling of the Acremonium sp-1
colonies with no macroscopic Acremonium sp=2
or microscopic signs of Asperzillug terreug
interaction. Chalaropsis sp.

Paecilomyceg yarioti

)
P. Janthinellun-1
P. Jja2nthinellum-2
est ti is palmarum

Sterile fungus-1 « 2

2 0 Overgrowth of L. paradoxs

Aspergillus niger
colony by opposing fungi

Trichoderma harzignum-1
Irichoderma harzianum-2
I. Vviride=-1

usually accompanied by
inhibition of T. paradoxa

on or shortly after contact.I. viride-2

I. viride-3
3 M.P. Mutual inhibition of
- the growth of the opposing
colony with eventuagl contact
but no apparent intermingling,
- a band of pigmented zone often

developing at the junction of
the colonies,

contd, ..
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Table 24 contd.

4 M.C. Mutual inhibition of both the colony
with no apparent intermingling, a

clear zone remaining petween the
colonies.

5 E Extreme inhibition of T. paradoxa

' colony at a distance of S mm or more,
little or no recijprocal inhibition
of the opposing colonies.

- —— v — " —— —— A — A ————— i — o T > - - S . = T T e At e e ke o e e e e e A A B e e A G A e e e e S o e .
P Jeredim e fimeli e il mee ety it n s oo et i e e eosnprsp— e U A g P gy




Plate o5, Growth inhibition of I. paradoxa and overgrowth of

Trichoderma viride isolate=2\15 days after

inoculation)

(Note: In each petridishl‘. paradoxa is on left side and test fu

ngus ison right side.)
Plate

27« Growth inhibition of I. paradoxa and overgrowth

of Trichoderma viride isolate=3(15 days after

inoculation)

(Note: In each petridish T. paradoxa is on Jleft side

and test fungus is on rightside.)



Plate 28, Growth inhibition of 1. paradoxa and evergrewth
of T, harzianum isolate=1(15 days after inoculation)

(Note: In each petridish ;l" paradoxa is on left side and test fungus is on right side.)

Plate 29, Growth inhibition of I. paradoxa and overgrowth

of T. harzianum isolate=2(15 days after inoculation)

(Note: In each petridish_’{", paradoxa is on left side and test fungus is on right side )
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Chalaropsis speand two species of sterile fungi did not show

any sign of growth inhibition at fourty eighth hour after
inoculation(Table-=26). On the third day after inoculation,
mutuabyinhibition with a clear zone in between the oppqsing
colonies was observed in case of A. terreus. Mutual g;owth
inhibition with a light brick red pigmented zone in between .
the opposing colonies was found in case of E. palmarum

(Table-27)

T. harzianun isolate Nos.1 and 2 showed 16.60% and 2U%
of growth inhibition of Thielaviopsis paradoxa in 24 hr. and 30,76i
and 43.4% of growth ré&uction in 48 hrs. after inoculation
respectively (Table 25 & 26). I. viride isolate Nos.1,2 and 3
showed 22,22%, 14,28% and 20% respectively~of growth inhibition
of Thielaviopsis paradoxa in 24 hr.(Table=25). and 40%, 30.7#%
and 40n» respectively of growth reduction of I. paradoxa in
48 hr. after inoculation (Table-26). On the third day after
inoculation, mutual inhibition with a clear zone was observed
in case of L. harzianum isolate-1 but overgrowth of T. harzianum
isolate=2 and all the isolates of I. viride on I. paradoxa was
found on the third day after inoculation. Acremonium sp.
Faecilomyces varioti, Penicilliug citrinum, F. diverse R
£. Jjanthinellun (both isolates) did not show any sign of

‘inhibition of growth of I. paradoxa (Table=25 & 26).

A.niger and iiizg?e isolates of Irichoderma harzianum and
I, viride (PlateQA overgrew on E} paradoxa colony, when the dual
cultures were kept for 15 day after inoculation. Mutual inhibi-
tion of the opposing colonies with a clear zone in between them

was observed in case of A. terreus and P. palmarum with



Table 25: In yitro studies on the interaction of associated

fungi with I. paradoxa isolate No.3
(Results 24 hrs, after ingculation,)

X X
Fungus tested Colony radius % of Colony radlius of % of
of T. paradoxa inhi- test fungus inhi-
(1 ) bition (in mm) v bition
in mm of 1. of test
Paradoxa fungus
Radius Control kadius Control by T.
towards . towards Paradoxa.
test I. parg-
fungus doxa
colony
L 2 3 4 5 6 7
Acremonium sp, ] 13 -13 0.0 L " 0.0
Acremonium sp,2 16 16 0.0 4 4 0.0
Aspergillus piger 12 15 20.0 4 5 20,0
A. terreus 13 14 714 4 4 0.0

Chalaropsis sp. 16 7 5.8 4 4 0.0
Eggg;lgmxgs

varioti 14 14 0.0 4 4 0.0
Penicillium

cltripum 13 13 0.0 4 4 0.0
- E. diverseum 13 13 0.0 4 4 0.0
£. Janthinellum-1 13 13 - 0.0 4 4 0.0
P. Janthinellum-2 13 13 0.0 4 4 0.0
Pgstglgtiopsig

Qalmgrum IO 1] 9.09 L{- L{. 0.0
Sterile fungus~1 12 13 7.69 4 0.0
Sterile fungus-2 16 17 6.25 4 4 0.0

contd,...
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Table 25 contd.

1 2 | 3 4 5 6 7
Trichoderma
harziaznum-1 10 12 16.60 8 8 0.0
T. harzignum- 8 10 20.0 7 7 0.0
L. viride-] 7 9 22.22 L L 0.0
1, yiride=2 6 ’ 7 14.28 5 5 0.0
T. viride=3 12 . 15 20.0 L L 0.0

x=Mean of four repiicates.

Control = radius vertically away from the opposing colony towards
the side of petridish.



109

‘"able 26: In vitro studies on the interaction of agsociated

fungi with T. paradoxa iscolate No,3.

(Results 48 & 72 hrs. after inoculation)

Fungus tested - 48 hrs, aftep ipnoculation
Colony radius % of Colony radius % of 72 hrs.
of T.paradoxa inhi- ?fnt;g§ fungus g%htZQElon after-
(in mm) . biti- inocu~
on of fungus by
T _ I. paradoxa lation
Radius Control =° 22~ Radius Control
radoxsa
towards . toward
test waras
fungus T.para-
doxa
 colony
1 2 3 L 5 6 7 8
cremonit -1 24 2y 0.0 5 5 0.0 I
Acremoni - 25 25 0.0 5 5 0.0 I
Aspergiilus piger 20 26 23.07 5 7 28.57 M. P-
A. terreus 22 25 12.0 5 5 0.0 M.C.
Paecilomycs
Yarioti 25 25 0.0 L L 0.0 I
Yenicillium
¢itrinum 23 23 0.0 5 5 0.0 I
P. diverseunm 25 25 0,0 5 5 0.0 I
P. fsnthinellum-1 25 25 0.0 5 5 0.0 I
P. Jjanthinellum=-2 24 24 0.0 5 5 0.0 I

contd...
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fable 26 contd,

1 2 2 3 b4 5 6 7 8
Pestalotipsis

palmarum 17 22 22.72 8 8 0.0 M.P.
Sterile fungus-1 25 25 0.0 5 5 0.0 I
Sterile fungus-2 26 26 0.0 5 5 0.0 I
Trichodermg

harzisnum-] 18 26 - 30.76 21 23 8.69 M.C.
7, harzianum- 13 23 L3.4 23 23 0.0 0

T, viride-1 9 15 40.0 11 1 0.0 0

Io Vl I‘lgg-a 9 13 3007 11 1]' 0.0 O

T. yiride=3 15 25 © 40.0 15 15 0.0 0

¥ = Mean of four replicates. .
Control = radius vertically away from the opposing colony towards the
side of petridish. _
I = Intermingling of l._paradoxa and test fungus colonies with no
macroscopic or microscopic sings of interaction.,
MeCe = Mutual inhibition of both colonies with no intermingling,
a clear zone remaining between the colonies.

M¢P = Mutual inhibition of the growth of opposing colonies with
eventual contact but no intermiingling, a band of pigmented
zone developing at the junction of the colonies.

O = Over growth of I. paradoxa by the opposing fungus, usually

accompanied by inhibition of L. paradoxa on or shortly after
contact,



Plate

30+ Mutual inhibition of I, paradoxa isolate=3

and A, piger (24 hrs. after inoculation)

(Note: In the petridish T. paradoxa is on left side and test fungus is onright side.)



Plate 31. Growth inhibi*#on of I. paradoxa isolate=-3

by L. harzianum isolates 1 & 2 (48 hrs. after

inoculation)

(Note: In each petridish T. paradoxa is on left side and test fungus is on rightside.)

- -

32+ Growth inhibition of I. paradoxa isolate=~3

Plate

(i)

by L. viride 1 & 3(48 hrs. after inoculation)

(Note: In each petridish T. paradoxa is on left side and test fungus is on right side.)
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Table 27: In vitro interaction of sssociated fungi with
I. paradoxa isolate No,3

(15 days after inoculation)

S.No. Cate-  rj¢eraction - Fungi showing the
gory interaction with

iy paradoxa

1 I Intermingling of the colonies with Acremonium sp-1 &2
no macroscopic or microscopic signs Chalaropsis sp.
of interaction. Faecilomyces varioti
Fenicillium citrinup
P. diverseum
P. Janthinellum-1 & 2

Sterile fungus 1 & 2

2 ¢ Overgrowth of I. paradoxa colony \spersillu | e
‘ by opposing fungi usually accompanied. . Prichode
by inhibition of T. paradoxa on or harzianum Isolate
shortly after contact. ,
1 & 2
4Le viride-i
I. viride-2

L. viride-3

3 MeP, Mutual inhibition of the growth of
the opposing colony with eventual
contact but no apparent intermingling,
avband of pigmented zone often deve~-
loping at the junction of the colonies,

4 M.C. Mutual inhibition of both the colonies  Aspereillug terreus

with no apparent intermingling, a Pestalotiopsis
clear zone remaining between the palmarum ‘
colonies.

5 E Extreme inhibition of I. paradoxa
colony at a distance of > mm or more,
little or no reciprocal inhibition of =

- R 1 - R R R R T I N e — e e

= e S e - ———— - -— -
= e e i S - =

== —a—— o
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T, paradoxa. Intermingling of opposing colonies with no apparent

macroscopic or microscopic signs of interaction was found in case

of other fungi studied(Table-27).

4,5.1.3 I, paradoxa igolate=5.

A, niger showed 18;18% and 20% growth reduction of I. paradoxs
in 24 hrs. and 48 hrs. respectively after inoculation. nutual
inhibition of A. niger and I. paradoxa was not observed for two
days after inoculation (Table$28 and 29). However, mutual
inhibition was obser&ed on the third day after inoculation

(Table=30) (Plate 33 ),

A. terreus, Chalaropsis sp. Penicilliun citrinum,
P. Jjenthinellun isolate-2 and P._palmarum showed 8.33%

10k, 9.09%4, 18.18% and 10% respectively in 24 hours after
inoculation (Table 28). Fercentage of growth reduction of
I. paradoxa by these fungi increased on the second day after
inoculation except in case ofP. janthinellum isolate=2.

P. Jjanthinellum isolate-2 showed only 4.76% of growth reduction
of I. paradoxa on the second day after inoculation and there
was no growth reduction of I. paradoxa by this fungus on the
third day or later. A. terreus showed 12% and 16.67% of
growth reduction of I. paradoxa on the second and third day
after inoculation (Tables29 & 30). Chalaropsis sp.

P. citrinum and P, palmarum showed 10%, 13% and 13.06% growth
reduction of I. paradoxa respectively on the second day after
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Table 28: In vitro studies on the interaction of gssocigted

fungi with T. paradoxa isolate No,5
(Results 24 hrs. after inoculation)

Fu tested = R
ngus testeéd p,yony radius % of  Colony radius of % of
of T. paradoxa inhi- test fungus inhibition
. bition (in mm) of test
gln.mm2 of T. fungus
ﬁﬁglggs Controly .Tadoxs Kadius Control by
tesi towards I. paradoxa.
fungus . 1. para- '
doxa.
colony.

1 2 3 4 5 6 7
Acremonium sp-1 10 10 0.0 L n 0.0
Acremonium sp-2 10 10 0.0 4 4 0.0
Aspergillus
niger 9 11 18.18 L . In 0.0
A. terreus 11 12 8.33 4 4 0.0
Chalaropsis sp. 9 10 10.0 4 4 0.0.
raecilomyces
varioti 9 9 0.0 4 L 0.0
Penicillium |
citrinum 10 19. 9.09 4 L 0.0
P. diverseum 9 9 " 0.0 4 4 0.0
P. J.aglth?.ne};um-] 13 13 0.0 4 4 0.0
£. Jsathinellum-2 9 11 18.18 4 4 0.0
Festalotiopsis
palmarupg 9 10 10,0 4 L 0.0
Steril -

o .le.fungus 1 12 12 0.0 4 L 0.0
Sterile fungus-2 10 10 0.0 4 L 0.0

Contd. * o 0
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Table 28 contd.

1 2 3 4 > 6 7
Trichoderma

harzianum=-1 10 ‘12 16.66 8 9 11.11
T. harzianum=2 7 9 22.22 9 9 0.0
T. yiride=1 2 10 20.0 5 5 0.0
I. viride=2 8 1 27.27 8 8 0.0

R L I L L L o D C E E R I I I L o o o o e oo o o T s ¥ o 1 o o o o o o e v e 2o ot D o i e e e e T e . e e S A A — o e T

X = Mean of four replicates.
Control = radius vertically away from the opposing colony towards
the side of petridish.
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Table 29: In vitro studies on the interaction'of associagted
fungd with T. paradoxa isolate No.5

(Results 43 hrs, after inoculation)

Fungus tested X X
Colony radius” % of Colony radius of % of
of T. paradoxa inpiT ~ test fungus inhibition
(pmm) b;t;‘m (in mm) of test
Radius Control 9% _=¢ Radius Control
towards paradoxa towards fmgus
test ' L. para- by
fungus doxa I.paradoxa.

] colony ‘

1 2 3 4 5 6 7
Acremonium sp-~1 22 22 0.0 5 S 0.0
Acremonium sp=2 21 21 0.0 5 5 0.0
Aspergillus .

RDiger 20 25 20.0 5 5 0.0
A. terreus 22 25 12.0 5 5 0.0
Ghalaropsis sp. 18 20 1.0 5 5 0.0
Paecilomyces

varioti 13 13 0.0 5 5 0.0
Penicillium

citrinum 20 23 ' 13.0 5 9 0.0
P. diverseum 19 19 - 0,0 5 5 0.0
Pestadptopisos

Pestalotiopsisg

Ralmarum 19 22 13.06 10 10 0.0

contdeecee
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1 2 > 4 2 6 7
Sterile fungusg-t 22 22 0.0 5 5 0.0
Sterile fungus-2 18 18 0.0 5 5 0.0
Irichoderma

icharzianum-2 13 20, 35.0 22 22 0.0

T. viride-] 15 25 40.0 39 19 0.0

L. viride-2 14 24 41,66 23 23 0.0

X = Mean of four replicates.

Control = radius vertically away from the Opposing colony towards

the side of petridisnh.,
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inoculation(Table=29) and 16.67%, 16.67% and 20% growth
reduction of I. paradoxa respectively on the third day after
inoculation(Table-30).

P. divergeun, P. Jjagthinellum isolate-1 and sterile fungus=2
did not show growth reduction of I. paradoxa upto two days after
inoculation. On the third day after inoculation, these fungi
showed in significant growth reduction of I. paradoxa viz.
3.33%, 6.66% and 10,0% respectively(Table=30).

Trichoderma hargzianum isolate-1 and isoclate-2 showed 16.66%
and 22.22% growth reduction of T. paradoxa respectively in 24

hour after inoculation and 33.33% and 35% respectively in 48 hr.
after inoculation (Table 28 and 29). On the third day mutual
inhibition with a clear zone in between thé colonies of

I. barzianup isolate-1 and I. paradoxa colony was observed.

I. barziagug isolate-2 overgrew on T. paradoxa on the third day
after inoculation (Table-30),

Irichoderma viride isolate Nos.1, 2 and 3 showed 20%,
27.27% and 33.33% growth reduction respectively of T. paradoxa
in 24 hr. after inoculation and 40%, 41.66% and 52.17% respe-
ctively in 48 hr. after inoculation. All the three isolates
of I. viride overgrew on I. paradoxa colony on the third day
after inoculation(Plate-34),

Acreponiup sp. (isolate Nos. 1 and 2), Paecilomvces
varjoti apd sterile fungus=-1 did not show any high of growth
inhibition of I. paradoxa (Tables28, 29 and 30).
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On the fourth day after inoculation, A. niger and
T. paradoxa showed mutual inhibition with a pigmented zone
in between the colonies (Table-30). A. terreus, E. varioti,
P, citrinum, E. palmafum and §terile fungus-2 showed mutual
inhibition of growth with I. paradoxa with a clear zone in
between the colonies on the fourthflay after inoculation.

Isolates of T. harzianum and I. viride overgrew on Thielaviopsis

bolony on the feourth day after inoculation. Acremonium sp.
(1 and 2), Chalaropsis sp., E. divergeum, P. Jjanthinellun
(isolate 1 and 2) and sterile fungus-1 showed intermingling
of their colonies wifh T, paradoxa calony on the fourth day
after inoculation (Table=30).

.

A, niger and all the ioslates of I. hargianum and I. yiride
overgrew on 1. paradoxa colony, when the dual cultures were

P, varioti, P. citrinum

maintained foqkifteen days. A. terreus,
" P, palmarum and sterile fungus-2 showed mutual inhibition of
growth with I. paradoxa with a clear zone in between the

opposing colonies. Acremonjum sp.(1 and 2), Chalaropsis sp.

2. diverseum, P. Jjanthinellum (both the isolates) and sterile
fungus-1 showed intermingling of their colonies with I. paradoxa

colony with no apparent macroscopic or microscopic sign of

interaction (Table=31).

4,5.1.4 T, paradoxa isolate=6,

Mutual inhibition of A, niger and I. paradoxa with a
pigmented zone in between the colonies was found (Plate35)

A. niger showed 6.25%, 14,29% and 20% growth reduction of
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f assocliated

fungi with I. paradoxa isolate No, 92
(Results 72 & 96 hrs. after inoculation)

Fungus tested 72 hrs. after 1nogglatlon 96 hrs
X after
Colony radius % of Colony radius % of inocu-
of T. paradoxa iphi- of test fungus inhi- lation
on of of test ¢ te-
Radi T._pa- Radius Control fungus
adius gory
Control towards by
towards radoxa T. T _of
test o para= - RALA74 ntera
fungus ' colony doxa.  ction.
1 2 3 L 5 6 7 8
icremonium sp-l Both the colonies grew and freely I
intermingled.
Acremonium sp-2 " " I
ispersillus niger 22 30 26.7 12 14 b3 M.P.
A. terreus 25 30 16.7 7 7 0.0 M.C.
Cuaglaropsis sp. 25 30 16.7 10 10 0.0 I
Paecilomycs varioti Mutual inhibition with a clear zone 1n v
between Lo C,
renicillium
gitrinum 25 30 16.7 9 9 0.0 M.C.
P. divergeum 29 30 3.3 10 10 0.0 I
. Jenthinellum-
E athin 1 28 30 . 6.7 6 6 0.0 I
P. Janthinellum-2 Both the colonies grew and freely
: intermingled. I

contde...
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1 2 > L 5 6 4 8
)
Pestg;og%ggis )
palmarum 24 30 20 15 25 40.0 M.C.
Sterile fungus-1 Both the colonies grew and freely inter-
mingled. I
Sterile fungus-2 27 320 10 7 7 0,0 M.C.

Iricnoderma
harzianum-1 Mutual inhibition with a clear zone 0
in between

L+ harzianum-2 L. hgrzignum over grew on I. pargadogxa colony O

i' vi:ige-] ] ‘ i N O
L. ¥iride-2 8 " " 0
L. yiride=-3 " : " " 0

= Mean of four replicates

Control = radius vertically away from the opposing colouy towards
the side of petridish.
I = Intermingling of L. paradoxa and test fungus colonies with no
wacroscopic or microscoPic sings of interaction.

I’X. C

= Mutual inhibition of the 8rowth of opposing colonies with
eventual coantact but no intermlngllng, a bdand of pigmented
gone developiug at the junction of the colonles.

O = Over growth of X. paradoxa by tae opposing fungus, no

usually accompanised by inhibition of T. paradoxs on or
shortly after contact.

-

M.P. = Mutual inhibition of the growth of opposing colonies with
eveuntual contact but no intermingling, a band of pigmented
zone develoPlng at the junction of the COlOnleS.



Plate 33, Mutual inhibition of I. paradoxa isolate=5

and A. niger(72 hrs. after inoculation)

(Note: In the petridish T. paradoxa is on left side and test fungus is on rightside.)
Plate 34. Growth inhibition of I. paradoxa isclate=5

by I. wviride isolates 1 & 3\72 hrs. after inoculation)

(Note; In each petridish T. paradoxa is on left side and test fungus is on rightside.)



Plate 35. Mutual inhibition of I. paradoxa isolate=6

and A. niger, 24 hrs(left) and 48hrs(right)

after inoculation.

(Note: In each petridish T. paradoxa is on left side and test fungus is on right side.)



Plate 36, Uvergrowth of I. paradoxa isolate=6 by I. harzianum

isolate=2(72 hrs. after inoculation).

(Note: In th@ petridish T. paradoxa is on left side and test fungus is on right side.)

Plate 37. Overgrowth of T. paradoxa isolate=6 by T. viride

isolate=1 on 4th day after inoculation,

(Note: In each petridish ;I" paradoxa is on left side and test fungus is on right side.)



Plate 38. Overgrowth of I. paradoxa isolate-6 by I. viride

isolate=2 on fourth day after inoculation.

(Note: In each petridish T. paradoxa is on left side and test fungus is on right side.)

Plate 39. Overgrowth of 1. paradoxa isoclate~6 by 1. viride

isolate=3 on fourth day after inoculation.

(Note: In each petridish ”l; p_aracloxa is on left side and test fungus is on right side.)
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Table 31: In vitro interaction of associated fungi with
I. paradoxa isolate n0,5

( d ter inoculation

«No., Cate~ Interaction - Fungi showing.the
s gg:; » interaction with

I. paradoxa.

1 I Intermingling of the colonies with Acremonium sp-1&2
no macroscopic or microscopic signs Chal aropgis sp.
of interaction, ' Penicillium diverseum
) P. Jjenthinellum 1&2

Sterile fungus-1

2 O Overgrowth of T. paradoxa colony \sper 'lJus‘ ver
by opposing fungi usually accompanied

by inhibition of L. paradoxa on or .
shortly after contact. '

Irichoderma
harzianum
isolateS1 & 2
- L. viride-1
Lo viride-2
Lo viride-3

3 M.P. Mutual inhibition of the growth of
the opposing colony with eventual
contact but no apparent intermingling
a band of pigmented zone often deve-
loping at‘the Junction of the colonies.

4 M,C. Mutual inhibition of both the colonies Aspergililus terreug
© with no apparent intermingling, a Paecilomyces vario
clear zone remaining between the Penicillium
colonies. citrinum

Pest ti0

gglmgrum

Sterile fungus-2

5 E Extreme inhibition of L. paradoxa

cgldny at a distance of 5 mm or more —_—
little or more reciprocal inhibition
L of the Opposing colonies.,
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T. paradoxa colony in 24, 48 and 72 hr respectively after the
inoculation. ZI. paradoxa reduced the growth of A, niger by

16 .67% upto two days after inoculation and on the third day 33.33%
growth reduction of A. piger was noticed by I. paradoxa (Tables
32, 33 & 34). There was no overgrowth of A. niger on T. paradoxa
colony on the fourth day after jnoculation but a pigmented zone

in between the two opposing colonies was noticed.

A, terreus did not show growth inhibition of IT. paradoxa
upto 24 hr. after inocuiation. But A. terreug showed 7.69% and
10% growth reduction of I. paradoxa at the end of the second and
third day respectively after the inoculation (Tables 33 and 34),
There was no mutual inhibition of the two opposing colonies upto
three days after inoculation. But on the fo&rth day, mutual
growth inhibition of A. terreus and I. paradoxg was found with a

clear zone in between the two opposing colonies,

Chalaropsisgpreduced the growth of I. paradoxa by 12.5% and

5% at the end of 24 hours and 48 hours respectively after inoculatiol
(Tables32 & 33). Third day onwards it did not show reduction of

growth of T._paradoxa. Intermingling of colonies of Chalaropsis spe

and T. paradoxa was found from the third day onwards without showing

any sign of interaction of opposing colonies on each other

(Table=-34),

Paecilomyces varioti did not show growth inhibition of
I. paradoxa upto two days after inoculation. But on the third
onwards, mutual inhibition of growth of P._varioti and I. paraaoxa

was found with a clear zone in between the colonies.
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Table 32: In witro studies on the interaction of associated

fungi with T. paradoxa isolate No,6
(Results 24 hrs. after inoculation)

Fungus tested x X
Colony radius % of Colony radius of % of
of I._paradoxa inhi- test fungus inhibition
. (in mm) of test
(o) bitlon  p dius Control fuBEuUS
kadius Control of I. toward by
towards paradoxag < OWards L.paradoxa.
te I.paradoxa
st
fungus colony
1 2 3 4 5 6 7
Acremonium sp-1 14 14 0.0 L 4 0.0
Acremonium sp-2 15 15 0.0 L . 4 0.0
Aspergillus pnigeri15 16 6.25 5 6 16.67
A. terreus 15 15 0.0 4 " 0.0
Chalaropsis sp. 14 16 12.5 4 4 0.0
Paecilomyces
variotd 11 11 0.0 4 4 0.0
Pepicillium
Sitripum 15 16 6.25 L 4 0.0
£. diverseum 15 15 0.0 4 4 0.0
Bo th e - 15 16 6.25 L(» L‘» 0.0
o Janthi -
P. Janthinellum-2 14 15 6.6 4 I 0.0
Pesta;otiop§i§
marum
| Dalmaru | 16 17 5.7 4 4 0.0

contd.....
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Table 32 contd.

1 2 3 b4 5 6 7
Sterile fungus=-1 14 15 6.6 L 4 0.0
Sterile fungus-2 15 15 0.0 4 4 0.0

ITrichodermg

harziznum=-1 16 17 6.25 9 9 0.0
20 h Zianum= 1Ll- 15 6067 9 9 0.0
T. viride=] 15 1'} 11.76 8 8 0.0
I. yviride-2 16 18 11.11 9 9 0.0
T, viride-3 16 17 5,88 9 9 0.0

-

X = Mean of four replicates.

Control = radius vertically away from the opposing colony towards
the side of petridish.

Sl . : s
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P. citrinum reduced the growth of I. paradoxa by 6.25#
in 24 hrs. after inoculation, but second day onwards, it did
not show any sign of growth inhibition of T. paradoxa (Tables
32, 33 & 34), P. diverseum did not show any sign of inhibition
of I. paradoxa at any time after maintaining the dual culture.
P. janthinellum isolates 1 & 2 showed 6.25% and 6.,6% growth
reduction of I. paradoxa in 24 hr. after inoculation but later
there was no inhibition of growth of I. paradoxa by this fungus
(Tables 32, 33 & 34). Intermingling of P, citrinum,
P. diverseum and P. janthinellum (isolates 1 and 2) with
T, paradoxa colony was observed on the fourth day after
inoculation without any sign of inhibition of growth on each
other (Table=34).

.

P. palparun reduced the growth of T. paradoxa by 5.7%
8.6% and 16.67% at the end of first, second and third day

respectively after inoculation (Tables 32, 33 & 34). Though
mutual inhibition with a clear zone in between the colonies
of P, palmarum and T. baradoxa was observed from the second day

onwards, this became very obvious on the fourth day.

Sterile fungus-1 showed 6.,6% growth reduction of I. paradoxa
at the end of the first day after inoculation, but afterwards no
sign of growth inhibition of L. paradoxa by this fungus was obser=-
ved (Tables 32 to 34). Intermingling of two opposing colonies

was observed from second day onwards after the inoculation
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Table 33: In vitrg studies on the interaction of assoclated
fungi with T. paradoxa isolate No,6

(Results 48 hrs. after inoculation)

. . X
be
Fungus tested Colony radius % of Colony radius of % of inhibition
of T. paradoxg inhi- test fungus of test fungus
(in mm) bition (in mm) by
of I. L. paradoxa.
Radius Control para- ‘
Lowards - doxa. kadius Control
2OX3- towards
test
gu doxa
colony.

1 2 > 4 5 6 ?
Acremonium sp-1 22 22 0.0 5 5 0.0
Acremoniug sp-2 23 23 0.0 5 WO 0.0
Aspergillus niger 24 28 14.29 10 12 16.67
A. terreus 24 26 7.69 5 5 0.0
Shalaropgis sp. 19 20 5.0 5 5 0.0
Poecilomyces
varioti 20 20 0.0 7 7 0.0
Penicillium
¢itrinum 25 25 0.0 5 5 0.0
P. diverseum 25 25 0.0 5 5 0.0
E. Janthinellum-1 22 22 0«0 5 > 0.0
P. Jepthinellum-2 23 23 0.0 L 4 0.0
Festalotiopsig

marum 21 23 8.6 9 10 10.0

Contd. o
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Table 33 contd. -

1 2 3 i 5 6 7
Sterile fungus-1 23 23 0.0 6 6 0.0
Sterile fungus-2 22 122 0.0 5 5 0.0
Irichoderma .
narzianum-1 19 26 26.92 23 23 0.0
. harzignum-2 18 27 33.33 23 25 0.0
T. viride-1 17 27  37.03 21 21 0.0
L. yiride-2 18 27 33.33 22 22 0.0
T. viride-3 19 26 26.92 22+ 22 0.0

X = Mean of four replicates.

Control = radius vertically away from the opposing colony towards
the side of petridish,
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(Table 34). Sterile fungus-2 did not show any sign of
growth inhibition of I. paradoxa upto two days after inocu=-
lation (Tables 32 & 33), but third day onwards, this fungus
and T. paradoxa showed mutual inhibition of growth with a

clear zone in between the opposing colonies(Table-34).

All the isolates of Irichoderma harzianum and I. viride
inhibited the growth‘of T, paradoxa isolate-6, but to a lesser
extent when compared to the growth inhibition of other isolates
of T. paradoxa by TIrichoderma sp. I. harzianum isolatesl and 2
reduced the growth of Thielaviopsis isolate-6 by 6.25% and
6.67% respectively ét 24 hrs. after inoculation.and 26.92%
and 33.33% respectively at the end of 48 Prs. after inoculation.
Both the isolates of I. harzianum overgrew on Thielaviopsis
colony on the third day onwards after the inoculation (Table=-34)
~ (Plate86).

Trichoderma viride isolates 1, 2 and 3 showed 11.76%, 11.11%
5.88% growth reduction of Thielaviopgis paradoxa respectively
at the end of first day after inoculation and 37.03#, 33.33% and
26,92% growth reduction of I. paradoxg respectively at the
end of the second day after inoculation, (Tables 35 & 36),
All the isolates of‘zf viride overgrew on I. pagadoxa from
the third day onwards.(Table 34)(Plates 37 38¥39).

A. niger and all the isolates of T. harzianum and |
L. viride overgrew on I. paradoxa when observed on the
fifteenth day after inoculation.(Table=35). A, terreus
Paecilomyces varioti,amst P. palmarup and sterile fungus-2
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Table 34: In vitro-studies on the interaction of associated
fungi with P. paradoxa isolate No,6.

(Results 72 & 96 hrs. after inoculation)

. . 96 hrs
Fungus tested _72 hrs, after jnoculation after
X , X . » . inocu~-
Colony radius- % of Colony radius 7% o;iphl- lation
of T._parzdoxa inhi- of test fungus oition
. biti- (in mm) of test
{in mm) on of fungus Cate-
kadius Control L. pa-' X trol by gory
towards radoxa kadius Contro L. para- of
test towards intera-
fungus 2. Para- doxa. ction.
doxa
colony
1 2 3 4 2 6 7 8
Acremonium spel Both the colonies grew and freely I
interuingled.,
Acremonium sp-2 n n * I
Aspergillus piger 24 20 20 10 15 333 M.P.
A. ferreus 27 20 10 7 7 0.0 M.C.
Ghalaropsis sp. Both the colonies grew and freely
intermingled, I
Paecilomyces Mutual inhibition with a clear zone in
it between M.C.
Yarioti ;
Fenicillium .
citrinum 30 30 0 9 9 0.0 I
P. dive um 30 30 0 7 7 0.0 I
P. janthinellumel_Both the colonies grew and freely
: intermingled. I
P. Jjanthinellum-2 " n I

- contdesee
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Table 34 contd.

Pestalotippsis -
palmarum 29 20 16,7 11 18 38.9 M.C.

Sterile fungus-1 .Both the colonies grew and freely 1
internineled.

Sterile fungus-2 27 30 10 7 7 0.0 M.C.

Irichoderma
harzianum-1 ZI. harzignum over grew on I._paradoxa colony 0

I. harzianum-2 "o " Y
2. viride-i " " . 0
It Vi;ide"é " " 0

I. viride- n " 0

<
il

Mean of four replicatien

I, Intemingling of I._paradoxa and test fungus colonies with no

macroscopic or microscopic sings of interaction.

M.Ce = Mutual inhibition or both colonies with no intermingling
a clear zone remaining between the colonies,

M.P = Mutual inhibition of the growth of Opposing colonies with
eventual contact but no intermingling, a band of pigmented
zone developing at the Junction of the colonies,

O = Over growth of I. paradoxa by the Oopposing fungus, usually

accompanied by inhibition.of 4. paradoxs on or shortly after
contact,
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Table-=35: In vitro interaction of associated fungi with
I. paradoxa isolate No.6

(15 days after inoculation)

~ . : A Fungi showing
- we Ll O -
S.No. ?g;; Iucerac o the iateraction
< . .

with I._paradoxa

1 I Intermingling of the colonies with Acremonium sp 1&2
no macroscopic or microscopic signs Chal aropsis sp.
of interaction; Penicilliunm
citrinum
E. diverseum
P. Jenthinellum 1&2

Sterile fungus-1i

2 0 Overgrowth of T. paradoxa colony Aspergillus niger
by opposing fungli usually accompa- Irichoder

nied by inhibition of [. paradoxa“ harzianup

on or shortly after contact. isolates 1 & 2
L. viride-]
LI. yiride-2
I. viride-3
3 M.FP, Mutual inhibition of the growth of
the opposing colony with eventual con-
tact but no apparent intermingling a ——

band of pigmented zone often develop-
ing at the junction of the colonies,

4 M.C. Mutual inhibition of both the Agpergillus terreug
colonies with no apparent interming- ecil ce
ling, a clear zone remaining between Yarioti
the colonies. Pgstalotiopsig
palmarum

Sterile fungus-2
5 E Extreme inhibition of L. paradoxa

colony at a distance of 5 mm or more
little or more reciprocal inhibition

of the opposing colonies.
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showed mutual growth inhibition witn I. paradoxa with a clear
zone of inhibition between theepposing colonies of the dual

culture.

Intermingling of colonies of Acremonium sp.(1 and 2)

Chalaropsis sp., fenicillium citrinum, F. diverseum,
E. janthinellum (isolates 1 and 2) and sterile fungus-1 with
T. parczdoxa with no apparent macroscopic or microscopic signs

of interaction was observed on the fifteenth day after inocu-

l-tion (Table=35).

5.2 Interaction of selected species of fungi srowing antagonism

with 1., paradoxa isolates:

From the preliminary studies on the‘interaction between
fungi associated with stem bleeding disease of coconut with
L, paradoxa isolates, those showing antagonism were selected
for further studies. To understand the nature of their anta-
gonism better and to gimulate natural conditions, where fungal
succession and combined infection are rule than exception,
further experiments were formulated. In this studies dual
cultures were established in the following waysi
1)I. paradoxa was inoculated first on tne medium and was

challenged with the antagonist 12 hrs. later,
2)Botn the organisms were inoculated simul$aneously.

3)Test antagonist was inoculated first and L. paradoxa followed
12 hrs. later,

The results are sumsarised in Tables 36 to 41,
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4.5.2.1 Interaction of Aspergillus piger with I. paradoxa:
I. paradoxa isolate-2:

In the three methods of inoculation tested, inhibition
of T. paradoxa was the least (7.4 in 12 hrs = 13.3%) in 72
hrs.) when A. piger was inoculated 12 hrs. after inocula=-
tion of I. paradoxa (Table-36). In simultaneous method of
inoculation, the inhibition percentage ranged from 12.4 in
12 hrs. to 36.7 in 72 hrs. However, the maximum percentage
of inhibition was discernible when A. piger was inoculated
first and I, paradoxa was inoculated after 12 hrs,(Plate 40).
The percentage of inhibition was 3343 in 12 hrs. with 50 in
72 hrs. (Figs 8 & 9). Mutual inhibition was also noticed.

I. paradoxa isolate-3.

In the different methods of inoculation tested,
I. paradoxa showed minimum inhibition (643-23.3% in 72 hrs)
when A, pjger was inoculated 12 hrs. after the inoculation
of I. paredoxa(Tavle-36), Inhibition percentage ranged
from 16.7 in 12 hrs., to 33.3 in 72 hrs. in simultaneous
method of inoculation. However, maximum percentage of
inhibition was obtained when A. niger was inoculated fifst
and I. paradoxg was inoculated after 12 hrs.(Plate 41),
The percentage of inhibition was 20 in 12 hrs, with

39¢3 in 72 hrs.(Figs., 8 & 9), Mutual inhibition was also
noticed,
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mable 36: In vitrc interacticn cf Aspergillus niger with T. paradoxa.

Time cf

observa- :

tion af- Growth inhibition of T. paradoxa by A. niger

ter ino-

culaticn ‘ (Percentage)

of both

the fungi Isolate-2  Isclate-3 Isolate-5 Isolate-6

(in hrs.)

A B C A B C A B C A B o

12 7.4 12.4 33,3 6.3 16,7 20.0 O o 0 O o 0
24 10,0 28.0 36.8 16.0 27.8 33.3 19.1 23.3 25.0 8.3 12.5 20.
36 13,3 32,1 46.4 23.3 28.8 36,0 20.0 29.4 37.5 14.2 18,1 21,
48 13,3 34,5 50,0. 23.3 33.3 39.3 30.0 40,0 44.0 26.7 30,0 36.
60 13,3 36,7 50.0 23.3 33.3 39.3 30,0 40.0 44.0 26.7 30,0 36.
72 13.3 36,7 50.0 23%.3 33.3 39.3 30.0 40.0 50,0 26.7 30.0 36.

*:::::::=======================:======================================

A = T, paradoxa incculated 12 hrs, befcre the incculaticn of A. nig
B = T. paradcxa and A. niger were simultanecusly incculated.

C = T. paradcxa was incculated after 12 hrs., growth of A. niger.
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Fig 8.Growth inhibition of T paradoxa isolates

by A.niger upto 72hrs. after inoculation when
T.paradoxa was inoculated after 12 hrs growtt
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_Growth inhibition of T.paradoxa by Aspergillus
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Plate 40, Three months of inoculation to test the

growth inhibition of I. paradoxa isolate=2

with A. niger(7 days after inoculation).

(Note: In each petridish T. paradoxa is on left side and test fungus is on right side )

A = T, paradoxa inoculated12 hrs. before the

inoculation of A, niger.

to
]

Simultaneous inoculation of I. baradoxa and A. niger.
C = I. paradoxa inoculated 12 hrs. after the inoculation
of &. nige;.



Plate 41, Three methods of inoculation to test the

growth inhibition of I. paradoxa isolate=3

with A. piger(7 days after inoculation).

(Note: In each petridish _"_l: paradoxa is on left side and test fungus is on rightside.)
A = T, paradoxa inoculated 12 hrs. before the inoculation
of A. niger.
B = Simultaneous inoculation of I. paradoxa and A. niger.
C = L, paradoxa inoculated 12 hrs. after the inoculation

of A. niger.



137

I. paradoxg igolate-5: .

Among the three methods of inoculation tested, inhibition
of I, paradoxa was minimum (O to 30% in 72 hrs.) whem A._niger
was inoculated 12 hrs. after the inoculation of I. paradoxa
(Table-=36)., In simultaneous method of inoculation, the inhibition
ranged from 0% in 12 hrs. to 40% in 72 hrs. But the maximum
percentage of inhibition was noticed when A. piger was inoculated
first and T. paradoxa was inoculated after 12 hrs,(Plate-42), .
There was no inhibition in 12 hrs. with 50% inhibition in 72 hrs.
(Figs 8 & 9)°‘ Mutual inhibition was also discernible,

1. paradoxa isolate-6: ot

In the three methodg of inoculation tested, inhibition
of I. paradoxg was the least (0% in 12 hrs to 26.,7% in 72 hrs)
when A, njger was inoculated 12 hrs., after inoculation of
I. paradoxa(Table~36). In simultaneous method of inoculation,
the percentage inhibition ranged from O in 12 hrs. to 30 in
72 hrs. However, when A. niger was inoculated first and I. paradoxa
was inoculated after 12 hrs maximum percentage of inhibition
was discernible (Plate-43), The percentage of inhibition was
© in 12 hrs with 36,7 in 72 hrs.(Figs 8 & 9), Mutual

inhibition was observed in this case also.



Plate 42. Three methods of inoculation to test the

growth inhibition of I. paradoxa isolate=5

with A. niger(7 days after inoculation)

(Note: In each petridish T. paradoxa is on left side and tes

t fungus is on rightside.)

A = I, paradoxa inoculated 12 hrs. before the

inoculation of A. niger.

(03]
[}

Simultaneous inoculation of I. paradoxa and A. niger.
C = T, paradoxa inoculated 12 hrs. after the inoculation

of é. nigeru



Plate 43. Effect on the growth of I. paradoxa
isolate=6 when A. niger was inoculated
12 hrs. before the inoculation of

I

naradoxa .

(Note; In the petridish ’1‘_ paradoxa is on left side and test fungus is on right side.)
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4,5.,2.2 Interaction of Irichoderma harzianum with I. paradoxa:
T, harzianug isolates reduced the. rate of growth of

T, paradoxa isolate to a considerable extent. There was no
inhibition of growth of T. harzianum by I. paradoxa.

405.2.2.1 IQtergEELQ!} Qf _1_‘. W Iaglg;g-!l

Among the different methods of inoculation tested
inhibition of I. paradoxa was the least (0% in 12 hrs to 23.3%
in 72 hrs.) when I. ngnz;gngm was inoculated 12 hrs. after
inoculation of I, paradoxg (Table=37), In simultaneous method
of inoculation, the inhibition percentage ranged from 0% in
12 hrs.to 50 in 72 hrs. But, maximun percentage of imhibition
was observed when I. harziapug was inoculated first and
I. paradoxa was inoculated after 12 hrs.(Plate-44), The
percentage of inhibition was nil in 12 hrs. withv84 in
72 hrs.(Figsa0 & 12),

I. paradoxa isolate-3:

In the three methods of inoculation tested, inhibition
of I. paradoxa was minimum (0-40% in 72 hrs) when T¥xparsdmxa
Z. parzianup was inoculated 12 hrs. after inoculation of
I. paradoxa (Table 37)., When inoculation was done simultane-
ously, the inhibition percentage ranged from O in 12 hrs. to
50 in 72 hrs. However, the maximum percentage ofinhibition
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Table 37: In vitrsc interacticn ¢f Trichgderma harzianum Isclate-1

with T. paradcxa.

Time cf

cbserva-

ticn af- Growth inhibiticn of T. paradoxa by Te harzianum(Percentage)

ter inc-

culaticn Isclate-2 Isclate-3 Isclate-5 Issclate-6

cf both

the fungi A B c A B c A B c A B C

(in brs.) :
12 0 0 0 0 0 0] 0 25.0 25.0 5.6 12.5 14
24 13.3 21,7 42.9 10.0 18,2 40.0 26.1 33,3 54.5 8.0 17.6 25
36 13.3 44.8 73.3 13,3 25,0 57.1 37.0 42.7 58.8 23.1 44.0 60
48 16.7 46.7 '73.3 38.1 47.1 70.0 40,0 52.1 72.0 30.0 46.2 64
60 23.3 46.7 176.7 40,0 50.0 80.0 40.0 56.7 75.0 30.0 46.7 66
72 23.3 50.0 84.0 40.0 50.0 80.0 40.0 56.7 85.1 30.0 46.7 66

——-_—-..-_.-—-.—-.—-._.—_.—_.._—_———___-——__——-..-.———.—.~_-——~~_——_._—_____ —— - .
=== _.——.—-.-—..—-_—-.——._——.-——-—._.—_-—-—_——-—-—.—-—_._._—._-.-.—.-————_.._..__—_..._.._’-___—_.—.‘-‘__'-_"—_':_—_""_"'_.,_—.

A =1, paradcxa incculated 12 hrs. befere the incculatisn ¢f T. harzianum.,

B = T, paradcxa and I. harzianum were Simultanecusly incculated,

Q
[
=]

- paradoxa was incculated after 12 hrs. grewth of T. harzianum.
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Fig.10. Growth inhibition of T. paradoxa isolates by

Trichoderma harzianum isolate -1 upto

72 hrs. after inoculation, when T.paradoxa
was inoculated 12hrs.afterT. harzianum

inoculation.
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Plate 44. Effect on the growth of T. paradoxa
isolate-2 by T. harzianum isolate~l

in different methods of inoculation.

T. paradoxa isolate 2 x T. harzianum isolute'1

(Note; In each petridish T. paradoxa is on left side and test fungus is on right side.)

A = T. paradoxa inoculated 12 hrs. before

the inoculation of T, Rarzianum.

B = Simultaneous inoculation of T. paradoxa

and T. harzianum,

C = T. paradoxa inoculated 12 hrs. after the

inoculation of T. harzianum,




Plate 45. Effect on the growth of I. paradoxg

isolate=3 by I. harzianug isolate=1
in different methods of inoculation.

(48 hrs. after inoculation).

T. paradoxa isolate

Ll

(Note: In each petridish T. paradoxa is on left side and test fungus is onrightside.)

A

ol

T. paradoxa inoculated 12 hrs. before the

inoculation of I. harzianum.
Simultaneous inoculation of I. paradoxa

and T, harzianum.

5 - 28

I. paradoxa inoculated 12 hrs. after the

inoculation of I. harzianum.

e e T
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was discernible when T. harzianum was inoculated first at
T. paradoxa was inoculated after 12 hrs.(Plate~45). The

percentage inhibition was zero in 12 hrs. with 80 to 72 hrs.
(Figs. 10 & 12).

I. paradoxa jsolate=2:

Among the three inoculation methods tested, inhibition
of T, paradoxa was the least (0% in 12 hrs to 40% in 72 hrs.)
when T, harzianum was inoculated 12 hrs. after inoculation of
T. paradoxa (Table=37). In simultaneous method of inoculation
inhibition percentage ranged from 25 in 12 hrs. to 56.7 in
72 hrs. However, maximum percentage of inhibition was recorded
when IT. harzianup was inoculated first and~2. paradoxa was
inoculated after 12 hrs.(Plate-46). The percentage of
inhibition was 25 in 12 hrs. with 85.5 in 72 hrs.{Figs. 10
& 12),

I. parsdoxa iselate=6.

+

In the three methods of inoculation tested, inhibition of

T. paradoxa was the least (5.6%in 12 hrs<to 30% in 72 hrs.)
(Table~37), when I. harzianum was inoculated 12 hrs.after
inoculation of I. paradoxa. W%hen inoculation was done
simultaneously, inhibition percentage ranged from 12.5 in

12 hrseto 46,7 in 72 hrs. But, the inhibition was maximum
when I. harzianum was inoculated first and I. paradoxa was
inoculated after 12 hrs.(Plate-47). The percantage of

inhibition was 14,3 in 12 hrs.with 66.7 in 72 hrs.(Figs. 10
& 12).



Plate 46. Lffect on the growth of I, paradoxa
isolate~5 by I, harzianum isolate=1
in different methods of inoculation.

(48 hrs. after inoculation).

ignurm isolute‘1
1. paradoxa isolate | 5 x T. harzian

Note: = .
(Note: 1‘3 each Petl‘ldJSh_ "_I_'._paradoxa 1s on left side and test fungus is on right side.)

A = I, paradoxa inoculated 12 hrs. before the
inoculation of T. harzianums
B = Simultaneous inoculation of T. paradoxa

and T. harzianum,

Q
]

L. paradoxa inoculated 12 hrs. after the

inoculation of T, harzianum.



Effect on the growth of T. paradoxa
isolate~6 by T. harzianum isolate-1
in different methods of inoculation.

(48 hrs. after inoculation).

T. paradoxa isolate 6 x T. harzionum isolate

!

(Note; In each petridish T. paradoxa is on left side and test fungus is on right side.)

L. paradoxa inoculated 12 hrs. before the

inoculation of T. harzianum.

Simultaneous inoculation of T. paradoxa

and T. harzianum.

I. paradoxa inoculated 12 hrs. after the

inoculation of T. harzianum.
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4,5.2.2.2 I. harzianumn igolate-2:
I. paradoxa isolate=2:

Inhibition of T, paradoxa was the least (4.4%
in 12 hrs.to 23.3% in 72 hrs) when T. harzianum was
inoculated 12 hrs. after the inoculation of I. paradoxa
(Table-38). In simultaneous method of inoculation, the
inhibition percentage ranged from 30 in 12 hrs. to 46.7
in 72 hrs. However, the maximum percentage of inhibition
was discernible when I. harzianum was inoculated first and
I. paradoxa was inoculated after 12 hrs. (Plate-48). The
percentage of inhibition was 40 in 12 hrs. with 86.6 in
72 hrs. (Figs. 11 & 12),

I. paradoxa isolate-3:

Inhibition of I. paradoxa was 9.1% and 28,6% at
12 hrs. and 48 hrs, after inoculation respectively when
I. harzianup was inoculated 12 hrs. after thdinoculation
of I, paradoxa (Table=38)., But the inhibition percentage
ranged from 20 in 12 hrs.to 47.4 in 48 hrs. in simultaneous
method of inoculation, Percentage of inhibition was 25
and 50 in 12 hrs.and 48 hrs. respectively, when I. harziagump
was inoculated first and I. paradoxa was inoculated after
12 hrs.(Plate-49), On the third day after inoculation of
T. paradoxa, the percentage of inhibition was 50 in all
the three methods of inoculation (Figs, 1 & 12).
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'Table 28: In vitrc interacticn cf Trichoderma harzianum Isclate-2

with T. paradcxa.

Time of
cbserva-
ticn af-

ter i?°' Growth inhibition of T, paradcxa by T. harzianum(Percentage)
culaticn = —_—

:gebggggi Isclate=2 Isgclate=3 Isslate-5 Isclate=6

(in hrs,) A B C A B c A B c A B C
12 4.4 30.0 40,0 9.1 20.0 25,0 O 0 25.0 5.5 14.3 25,0
24 3.3 36.0 53.9 13,3 30.8 40.0 18.7 42.9 50.0 12.5 16.7 47.0
36 13.3 40,0 72.0 15.8 33.3 40.0 13745 47.6 50.0 15.4 20.0 60.0
48 16.7 40.0 75.0 28.6 47.4 50.0 50.0 571 57.1 26.7 33.3 0.7
60 23,3 46.7 80.0 50.0 50.0 50.0  50.0 60.0 62.5 26,7 43.3 63,5
72 25.3 46.7 86.6 50,0 50.0 50.0  50.0 60.0 62.5 26.7 43.5 3.3

e g o f g

m== R T S T I o o T T o = e o e e > s e e e e o
= -‘———-——-—-.________.__.__._,.____

""""———-—-.—--——-——_————-—_.——-——-—_.___

A = I. paradexa inoculated 12 hrs. before the incculation of T. harzianum.

vl
s

los]
]

2. paradcxa and DP. harzianum were simultanecusly insculated.

C = I. paradoxa waginsculated after 12 hrs. growth of T, harzianum.
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Fig.11.Growth inhibition of T. paradoxa isolates by

Irichoderma harzianum isolate -2 upto
12 hrs. after inoculation, when T. paradoxa
was inoculated 12hrs.after T.harzianum

inoculation
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Fig.12. Growth inhibition of T.paradoxa isolates b
Trichoderma harzianum isolates when

T. paradoxa was inoculated 12 hrs after
T.harzianum inoculation

(Result 72hrs.after rnoculation)
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Plate 48. Effect on the growth of T. paradoXa

isolate-2 by T. harzianum-2 in different
methods of inoculation,

(48 hrs. after inoculation).

T. paradoxa isolate 2 x T. harzianum isolntei 2

(Note: In each petridish_:l:. paradoxa is on left side and test fungus is on right side.)

T. paradoxa inoculated 12 hrs. before the

inoculation of T. harzianum.

Simultaneous inoculation of T. paradoxa
and T. harzianume.

T. paradoxa inoculated 12 hrs. after the

inoculation of T. harzianum.



Plate 49. Effect on the growth of T. paradoxa
isolate-3 by T. harzianum=2 in different
methods of inoculation.

(48 hrs. after inoculation).

T. paradoxa isolate 3 x T. harzianum

(Note: In each petridish T. paradoxa ison left side and test fungus is on right side.)

A = T. paradoxa inoculated 12 hrs. befare the

inoculation of T. harzianum.

3 = Simultaneosus inoculation of T. paradoxa

and T. harzianume,

C = T. paradoxa inoculated 12 hrs. after the

inoculation of T. harzianum.
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»

I. paradoxa isolate-5:

In the three methods of inoculation tested, inhibition of
T. paradoxa was the leasf (0% in 12 hrs. and 50% in 72 hrs.)
when I. harzianun was inoculated 12 hrs. after theinoculation
of I. paradoxa (Table-38). In simultaneous method of inocula-
tion, the inhibition peréentage was nil in 12 hrs, and 60 in
72 hrs. However, the maximum percentage of inhibition was
discernible when I, Qazzggngm4was inoculated first and I. paradoxa
was inoculated after 12 hrs. (Plate-50). The inhibition was 25%
to 12 hrs.with 62.5% in 72 hrs. (Figs. 11 & 12). -

L 3

I. paradoxs isolate-6:

 Among the different methods of inoculation'tested, inhibition
of I. paradoxs was the least (5.,5% in 12 hrs. to 26.7% in 72 hrsv)
when I, hargianum was inoculated 12 hrs. after the inoculation
of I. paradoxa (Table-38)., When inoculation was done simul&aneously,
the inhibition percentage ranged from 14.3 in 12 hrs. to 43.3
in 72 hrs. However, the maximum percentage of inhibition was
observed when I. harzianum was inoculated first and T, Paradoxa
was inoculated after 12 hrs.v(Plate-51). The percentage of
inhibition was 25 in 12 hrs. with 63.3 in 72 hrs. (Figs.11 & 12),



Plate 50, Effect on the growth of T. paradoxa
isolate~5 by T. harzianum-2 in different
methods of inoculation.(48 hrs. after

inoculation)e.

T. paradoxa isolate 5 x T. harzianum isolute! 2

—

.

(Note: In each petridish T. paradoxa is on left side and test fungus ison right side.)

A = T. paradoxa inoculated 12 hrs. before the

inoculation of T. harzianum.

o3
Il

Siaultaneous inoculation of T. paradoxa and
T. harzianum.
C = T. paradoxa inoculated 12 hrs. after the

inoculation of T. harzianume.



Plate 51, Effect on

the growth

s

by T. harzianum=-2 in

inoculation. (48 hrs.

T. paradoxa isolate ' 6

—

methods of

after inoculation).

x T. harzianum isolutei 2

(Note: In each petridishz. paradoxa ison left side and test fungus is on right side.)

A

€

T. paradoxa inoculated 12 hrs.

———

inoculation of T. harzianum.

Simultaneous inoculation of T. paradoxa and

L. harzianum.

T. paradoXa inoculated 12 hrs. after the

inoculation of T. harzianum.
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A comparison of growth inhibition of I. paradoxg on
the third day after the inoculation by I. harzianup isolate=1
showed that the growth inhibition of I. paradoxa isolate-6 was
lesser than the growth inhibition of I. paradoxa isolate 2, 3
and 5. Similarly growth inhibition of T. paradoxa isolate-6
was lesser than of T. paradoxa isolate-2 on the third day after
inoculation by T, harzianum isolate=2 (Fig.12).

4.5.2.3 Interaction of Trichodemma viride with I. paradoxa:

All the three isolates of I. virjde reduced the growth
of T, paradoxa isolates in vitro to a considerable extent.
There was no growth inhibition of T. viride by the isolates

of I. paradoxa.
4.5,2.34L, viride isolate-1:

I. paradoxa isolates 2, 3, 5 and 6 were tested with
_'I,‘-xm_gg_ isolate-1,

I. paradoxa jsolate-2,

In the three methods of inoculation tested, inhibition
of I. paradoxa was minimum (5% in 12 hrseand 16.7% in 72 hrs.)
when I, viride was inoculated 12 hrs. after inoculation of
I. paradoxa (Table-39), In simultaneous method of inoculation
the inhibition percentage ranged from 10 in 12 hrs. to 34.5 in
72 hrs, However, the maximum percentage of inhibition was
discernible when I. viride was inoculated first and I. paradoxa
was inoculated after 12 hrs.(Plate-52). The percentage was 20
in 12 hrs. with 56.6 in 72 hrs. (Figs, 13 & 16).
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B = T. paradoxa and

C = I. paradcxa was incculated after 12 hrs. grovwth c¢cf 7. viride.

T. viride were simultanecusly incculated.

P. paradgxa incculated 12 hrs, befcre the insculation cof Te viride,

Table 39: In vitre interacticn cf Irichcderma viride Isclate-1

| with T. paradoxa.

Time cof

cbhserva-

tion 8f~ Growtn inhibition of T. paradcxa by I. viride(Percentage)

ter inc- -

culatiocn

¢f beth

the fung% Isclate=2 Isclate-3 Isclate~5 Isclate-6

'S,

(in hrs L 3 o A B C A B € A B ¢
12 5.0 10,0 20.0 6.7 16,2 20,0 7.1 20.0 25.0 0 12,5 14.
24 16,7 13.3 37.5 23.1 25.0 33.3 10.0 30.0 40.0 16 22.2 41,
36 16,7 34.5 51.9 36,6 52.0 59.3 24.0 33%3 58,9 33,3 42,3 58,
48 16.7 34.5 53.3 36,6 56,7 60.7 33.3 50.0 80.0 33.3 44.4 64.
60 16.7 34.5 56.6 36.6 56.7 64.3 33.3 60.0 82,1 33,3 46.6 76.
72 16,7 34.5 56.6 40.0 60.0 67.9 36.6 60.0 90.0 33.3 50.0 76€.

A=
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Fig.13. Growth inhibition of T.paradoxa isolates by
Trichoderma viride isolate -1 upto 72 hrs
after inoculation when T. paradoxa was

inoculated 12 hrs.afterT. viride inoculation

T. paradoxa isolate - 2 a_a T. paradoxa isolate - §
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Fig.14 .Growth inhibition of T.paradoxa isolates by
Trichoderma viride isolate -2 upto 72 hrs

after inoculation when 1. paradoxa was
‘noculated 12 hrs.after T.viride inoculation

o—o 1. paradoxa isolate -2 ao—n 1. paradoxa isolate- 5

x—x T. paradoxa isolate - 3 o 1. parudoxa isolate - 6
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Fig. 15. Growth inhibition of T paradoxa isolates b
Trichoderma viride isolate. -3 upto 72 hrs

after inoculation when T.paradoxa was
inoculated- 12hrs. after T.viride inoculation
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Fig.16. Growth inhibition of T.paradoxa isolates by )

Trichoderma viride isolates when T.paradoxa,
was inoculated 12 hrs.after T.viride inoculation,

( Results 72hrs.after inoculation) 0
1. paradoxa isolate - 2 1. viride isolate- 1
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Plate=52. Effect on the growth of I. paradoxa
isolate=2 by I. viride isolate=1 in
different methods of inoculation,

(48 hrs. after inoculation).

T. paradoxa isolate 2 X T viride isolate

(Note: In each petridish_’_l_". paradoxa is on left side and test fungus is on right side.)

A = I, paradoxa inoculated 12 hrs. before the

inoculation of T, viride.

Uy
]

Simultaneous inoculation of I. paradoxa and
L, viride,
C = T, paradoxa inoculated 12 hrs. after the

inoculation of L., viride.
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. paradoxa isolate-3.

Among the three methods of inoculation tested, inhibition
of T. paradoxa was the least (6.7% in 12 hrs. and 40% in 72 hrs..
when T, yiride was inoculated 12 hrs. after the inoculation of
I. paradoxa (Table-39), When inoculation was done simultaneously
the inhibition percentage ranged from 16,2 in 12 hrs. to 60 in
72 hrs. However, the maximum percentage of inhibition was
observed when I. viride was inoculated first and I. paradoxa
was inoculated after 12 hrs.(Plate-53). The percentage inhibi-
tion was 20 in 12 hrs. with 67.9% in 72 hrs.(Figs.13 & 16).

I. paradoxa isclate-5,

-

In the three methods of inoculation tested, minimum
inhibition(7.1% in 12 hrs. and 36.6% in 72 hrs.) of I. paradoxa
was observed when I, yirige was inoculated 12 hrs. after the
inoculation of I. paradoxa (Table-39)., In simultaneous method
of inoculation, the inhibition percentage ranged from 20 in
12 hrs. to 60 in 72 hrs. However, percentage of inhibition
was maximum when I, viride was inoculated first and I. paradoxa
{38 inoculated after 12 hrs.(Plate-54). The growth inhibition
was 25% in 12 hrs., with 90% in 72 hrs.(Figs. 13 & 16).

I. paradoxa isolate-6.
Of the three methods of inoculation tested, inhibition

of I. paradoxa was the least (0% in 12 hrs. and 33.3% in 72 hrs.)
when T. viride was inoculated 12 hrs. after the inoculation of



Plate 53, Effect on the growth of I. pagadoxa

e e e T, Cory TR S ESee Yoo lsscesash A

different methods of inoculation.

(48 hrs. after inoculation).

T.poradoxa isolate 3 x T viride isolate 1

.
(Note: In each petridish I pﬂg@_{a is on left side and test fungus is on right side.)
A = I, paradoxa inoculated 12 hrs. before the
inoculation of I. viride.
B = Simultaneous inoculation of I. paradoxa and
I, viride.
C = I. paradoxa inoculated 12 hrs. after the

inoculation of I. viride,



Plate 54, Effect on the growth of I. paradoxa
isolate=5 by I. viride isolate=1 in

different methods of inoculation.

(48 hrs. after inoculation).

(Note: In each petridish T. paradoxa is on left side and test fungus is on rightside.)

m

A = 1. paradoxa inoculated 12 hrs. before the
inoculation of I. viride.

B = Simultaneous inoculation of I. paradoxa and
I. viride.

C = 1. paradoxa inoculated 12 hrs. after the

inoculation of I. viride.



Plate 55. Effect on the growth of T. paradoxa
isolate=6 by T. viride isoslate-1 in
different methods of inoculation.

(48 hrs. after inoculation).

T. paradoxa isolate g

X T viride
viride 152\1‘113 =

(Note: In each petridish T. paradoxa is on left side and test fungus is on right side.)

A = T. paradoxa inoculated 12 hrs. before the

inoculation of T. viride.

B = Simultaneous inoculation of T. paradoXa and
T. viride.
C = T. paradoXa inoculated 12 hrs. after the

inoculation pfE T. Vviride.

— ——
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" T. paradoxa (Table-39). In simultaneous method of inoculation
the range of inhibition was 12.5% in 12 hrs. to 50% in 72 hrs.
However, the maximum percentage of inhibition was recorded when
T. viride was inoculated first and I. paradoxy was inoculated
after 12 hrs.{(Plate 55). The percentage inhibition was 14.3
and 12 hrs. with 76.7 in 72 hrs.(Figs, 13 & 16).

-~

4-5.2.3.2 Trichodema viride isolate-2.

T, paradoxa isolates 2, 3, 5 and 6 were tested with I. viride

{solate=-2 as in the previous case.
T. paradoxa isolate-2.

In the three methods of inoculation tested, inhibition of
T. paradoxa was minimum (8# in 12 hrs. and 33.3% in 72 hrs.)
when T, viride was inoculated 12 hrs. after the inoculation
of T. paradoxa (Table-40). In simultaneous method of inocu-
lation, the inhibition percentage ranged from 18.2 in 12 hrs.
to 53.3 in 72 hrs. lowever, there was maximum percentage of
inhibition when T. viride was inoculated first and T. paradoxa
was inoculated after 12 hrs. (Plate-56). The percentage of
inhibition was 20 in 12 hrs. with 90 in 72 hrs. (Figs. 14 and 16)..

T, paradoxa isolate=3.

Inhibition of T. paradoxa was theleast (0% in 12 hrs.and
40% in 72 hrs.) when I. viride was inoculated 12 hrs. after the
~inoculation of T, paradoxa (Table-40), When inoculation was done
simultaneously 50% growth reduction of I. paradoxa was found from

first day onwards. There was no further reduction of growth of



Table 40: In vitrc

.!!!5

interacticn ¢f PTrichcderma viride Isclate=2

with T. paradcxa

Time cf
cbserva-
ticn af-
ter inc-
culatidn
¢f beoth Isclate-

Growth

inhibiticn of T. paradcxa by T. viride(Percentage)

2 Isclate-3 Isclate=5 Isclate-6

the fungi

(in hrs.) A B ¢C A B c A B ¢ A B C
12. 8,0 18.2 20.0 O 0 0 0 0 25.0 O 25.0 33,
24 23,3 40.7 61,5 18.8 50.0 50.0 22,0 30.8 72.7 20.0 27.8 46.

36 26.7 50,
43 233 50,
60 33.3 50,

72 33.3 53.

el e B e e p———

B = 2. paradcxa and
C = I. paradcxa was

0 66.7 30.4 50.0 50.0 32.0 40.0 80.0 25.9 33.3 55,
0 86.7 40.0 50.0 50.0 33,3 63.3 85.8 33.3 39.1 73.
0 86.7 40.0 50.0 57.1 33.3 63.0 85.8 33.3 50.0 77.

3 90.0 40.0 50.0 57.1 40.C 66.7 90.0 38.0 50.0 80.!

.-.-.._-.._——_-__—._._...__—____—.—.—.-——._—_..__._______ — —
e e e - T ===

L. viride were simultanecusly incculated.

incculated after 12 hrs. greowth of P, viride.



Plate 56. Effect on the growth of T. paradoxa
isplate-2 by T. viride isolate-2 in
different methods of inoculation.

(48 hrs. after inoculation).

T. paradoxa isolate 2 x T viride isolate =2

(Note: In each petridish '_1; paradoxa is on left side and test fungus is on right side.)

A = T. paradoxa inoculated 12 hrs. befosre the
inoculation of T. viride.

B = Simultanesus inpculation of T. paradoxa and
T. viride.

C = T. paradexa inoculated 12 hrs. after the

inpculation of T. viride.



plate 87. Effect on the growth of T. paradoxa

isolate-3 by T. viride isolate-2 in

different methods of inoculation.

T. paradoxa isolate

x T viride isolate 2

A = T. paradoxa inoculated 12 hrs. before the

—
m

inoculation of T. yiride.

B = Simultaneodus inoculation of T. paradoXa

L :
—

and T. viride.

C = T. paradoxa inoculated 12 hrs. after the

inpculation of T. viride.




136

I, paradoxa. However, maximum percentage of inhibition was
discernible when I, viride was inoculated first and I. paradoxa
was inoculated after 12 hrs. (Plate-57). The percentage inhibi-
tion was 50 in 12 hrs. Qith 57.1 in 72 hrs. when the inhibition
was calculated taking the colony radius towards the opposite
edge of petridish as control (Figs. 14 and 16). But there was
an overall reduction of the colony size of I. paradoxa on both
the sides., Growth of I, paradoxa colony towards T. viride was
very meager,while there was slight growth of the colony towards
the opposite edge of the petridish. when T, viride was inoculated
after 12 hr. growth oftz. paradoxa on culture medium the colony
diameter of I, paradoxa was 48 mm on the th{;d day after inocu-
lation of I. viride. The colony diameter of T, paradoxa was
~only 15 mm when I. viride and T. paradoxa were simultaneously
inoculated.When I. paradoxa was inoculaced after 12 hrs. growth
of I. viride on the third day after inoculation of I.paradoxa,
the colony diameter of I. paradoxa was only 10 mm and the growth
of I. paradoxs towards T, viride was completely checked. There

was no significant increase in the size of the colony of

'I. paradoxa,
I. paradoxa isolate=5.

In the three methods of inoculation tested, growth
inhibition of I. paradoxa was the least (0% in 12 hrs-and 40%
in 72 hrs.) when I. yiride was inoculated 12 hrs. after the
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inoculation of T. paradoxa (Table-40). In simultaneous
method of inoculation, the inhibition percentage ranged from
30.8 in 24 hrseto 66,7 in 72 hrs. However, the maximum percentage
of inhibition was discernible when I. viride was inoculated first
and T. paradoxa was inoculated after 12 hrs.(Plate-58). The
percentage of inhibition was 72,7 in 24 hrs. with 90 1in 72

nrs. (Figs. 14 & 16).

T. paradoxa isolate=0.

Among the different methods of inobulation tested, growth
inhibition of T. paradoxa was minimun (0% in 12 hrs. and 38%
in 72 hrs.) when I. viride was inoculated 12 hrs. after the
inoculation of I. paradoxa (Table-40), Whén inoculation was
simultaneously, the inhibition percentage ranged from 2£ in
12 hrs. to 50 in 72 hrs. However, the maximum percentage
of inhibition was recorded when I. viride was inoculated after

12 hrs. (Plate-59). The percentage of inhibition was 33.3 in
12 hrs. with 80 in 72 hrs. (Figs. 14 & 16),

4,5.,2.3.3 Lrichoderma viride isolate-3.

T. paradoxa igsolate=2:

In the three methods of inoculation tested, growth
inhibition of I. paradoxa was the least (7.7% in 12 hrs.and
13,3% in 72 hrs.) when I. viride was inoculated 12 hrs. after

the inoculation of I. paradoxa (Table-41). In simultaneous



Plate 58, Effect on the growth of I. paradoxa
isolate=d by L. viride isolate-2 in

different methods of inoculation.

(48 hrs. after inoculation.)

[N

(Note: In each petridish T. paradoxa is on left side and test fungus is on right side.)

A = I, paradoxa inoculated 12 hrs. before the
inoculation of I, viride.
B = Simultaneous inoculation of I. paradoxa and

T, viride.

C = T, paradoxa inoculated 12 hrs. after the

inoculation of I. viride.
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Table 41: In vitro interacticn cf Trichcderma viride Isclate-=3

with T. paradoxa.

Time of

cbserva-

tion af- . L.

térnino- Growth inhibition ¢f T. paradoxa by T. viride(Percentage)

culatiocn |

¢f beth . Isclate-? Isclate-3 __Isclate=-5 Isclate=-6

the fungi —

(in hrs,.,) A B c A B c A B c A B C
12 7.7 11.1 19,7 0 16.7 25.0 0] 0 0 0 0 0
24 10.3 25.0 33.3 6.25 28.0 40.0 21.4 33,3 37.5 8.7 20.0 28.¢€
36 13,5 26,7 36.0 15.7 31.3 40.0 22,7 41.2 50.0 12,5 28.0 58.3
48 13.3 26.7 40,0 30.4 43,4 50.0 33.3 56.5 60.0 16,7 30.8 59.3
60 13.3 26.7 40,0 43,3 43.3 50.0 40.0 56.7 60.0 16.7 33,3 60.0
72 13,3 26,7 50.0 43.3 45.8 50.0 40,0 60.0 68,0 16.7 33,3 60.0

NS e e v e e W S e o~ —
e R LTRSS

A = I, paradscxa incculated 12 hrs. before
B =1 Earadcia and

_.-—.—----_-.—-—-—...—._-..—...._—..—-—..-._-_-_—.____._,____..___ —_———
——.-——..—--_-..——-.--.....—.-.-.——...—~——__-.—_—_.—._...-—_...——.._._—__.___.__._ N e e

7

. viride were simultaneg

the inceculaticn of T. viride.

usly incculated,

C = T, paradcxa was inoculgte@bfter 12 hrs. grewth of 7. viride.



method of inoculation, the inhibition percentage ranged

from 11.1 in 12 hrs. to 26.7 in 72 hrs. However, there was
maximum percentage of inhibition when I. viride was inoculated
first and I. paradoxa was inoculated after 12 hrs.(Plate 60).
The percentage of inhibition of I. paradoxa was 19.7 in 12 hrs.
with 50 in 72 hrs.(Fig$-15 and 16).

I. paradoxa isolate-3,

Growth inhibition of T. paradoxa was minimum (0% in 12 hrs.
and 43,3% in 72 hrs.) when I. viride was inoculated 12 hrs.
after the inoculation of I. paradoxa (Table-41). When inocula-
tion was done simulfaneously, the inhibition percentage ranged
from 16.7 in 12 hrs. to 45.8 in 72 hrs. However, the maximum
percentage of inhibition was discernible ;hen I, viride was
inoculated first and I. paradoxa was inoculated after 12 hrs,
(Plate 61). The percentage of inhibition of I. paradoxa was
25 in 12 hrs. with 50 in 72 hrs. (Figs. 15 and16). The growth
of T. paradoxa was meagre towards the opposing colony of
I. viride while there was slight growth of I. paradoxa on the
opposite side viz., towards the petridish edge aﬁay from the
opposing colony. The colony diameter of I. paradoxg was 47 mm
on the third day after .inoculation of I. viride in the first
method wherein I. viride was inoculated after 12 hrs growth
of I, paradoxa. The colony diemeter of I. paradoxa was 37 mm
in the third day, when both I, viride and T. paradoxa were
simultarieously inoculated. When T, bParadoxa was inoculated
after 12 hrs. growth of I. viride the colony diameter of
L. paradoxa was only 9 mm on the third day after the inoculation



Plate 60, Effect on the growth of T. paradoxa
isolate=2 by 1. viride isolate=3 in
different methods of inoculation.

(48 hrs. after inoculation).

T.poradoxa isolate 2 x T viride isolate | 4

(Note: In each petridish T. paradoxa is on left side and test fungus is on right side.)

A = T, paradoxa inoculated 12 hrs. before the
inoculation of I. viride.
B = Simultaneous inoculation of T. paradoxa and

1. viride.

CA
Il
=

T. paradoxa inoculated 12 hrs. after the

inoculation of I. viride.



Plate 61, Effect on the growth of T. paradoxa

- — L

isolate-3 by T. viride isolate-~3 in

different methods of inoculatien.

(48 hrs. after inoculation).

T. paradoxa isolate ‘[ F e R T viride isolate ( 3

—

(Note: In each petridish T. paradoxa is on left side and test fungus is on rightside.)

A = T. paradoXa inoculated 12 hrs. before the

inoculation of T. viride,

w
Il

Simultaneous inoculation of T. paradoxa and

C = T. paradoxa inoculated 12 hrs. after the

inoculation of T. viride.
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of T. paradgxa. ZThere was no significant growth of I. paradoxa
towards I. viride colony.

T, paradoxa isolate-5:

In the three methods of inoculation tested, growth inhibition
of T. paradoxa was the least (0% in 12 hrs. and 40% in 72 hrs)
when T, viride was inoculated 12 hrs. after the inoculation of
T. paradoxa (Table-41). In simultaneous method of inoculation
the inhibition percentage ranged from 33.3 in 24 hrs. to 60 in
72 hrs. However, the maximum percentage of inhibition of
T, pa:ggggg‘was recorded when I. yiride was inoculated first
and T, paradoxa was inoculated after 12 hrs.(Plate-62). The
percentage of inhibition of I. paradoxa was 375 in 24 hrs. vith
68 in 72 hrs.(Figs. 15 & 16).,

I. paradoxa isolate-6. ,

In the three methods of inoculation tested, gxmwth minimum
growth inhibition (0% in 12 hrs. and 16.77% in 72 hrs.) ef
T. paradoxa was observed when I, viride was inoculated 12 hrs.
after the inoculation of L. paradoxa (Table-41). In simultaneous
method of inoculation the inhibition percentage ranged from 20
in 24 hrs. to 33.3 in 72 hrs. However, the maximum percentage of
inhibition was discernible when I. yviride was inoculated first

and T. paradoxa was inoculated after 12 hrs.(Plate-63). The
‘percentage of inhibition of T. paradoxa was 28.6 in 24 hrs. with

60 in 72 hrs.(Figs. 15 and 16),



Plate 62. Effect on the growth of Te

(Note: In each petridish E paradoxa is on left side and test fungus is on right side )
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Plate 63, Effect on the growth of L. paradoxa

isolate-6 by T. viride isolate~3 in

different methods of inoculation,

(48 hrs., after inoculation).

T. paradoxa isolate { :_’s':'-

(Note: In each petridish I paradoxa is on left side and test fungus is on rightside.)

Il

]

13

L. paradoxa inoculated 12 hrs. before the
inoculation of T. viride.
Simultaneous inoculation of L. paradoxa and

ettt

T. viride,

« Daradoxa inoculated 12 hrs. after the

W

inoculation of T. viride,
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L.6. Studies on the effect of neem oil and neem oil cake

on tne growtn of T. paradoxa in vitro.

In this study, I. paradoxa isolate-5 was taken.

4,6.,1 Lwifect of neem o0il

Growth rate of T. paradoxa was nog&ignifidantly decr~-
eased by neem oil ;g vitro, I. paradoxa overgrew in tne

wells filled in the neem oil in the medium.

4,6,2 offect of neem oil cake.

rercentage of reduction of growth of I. paradoxa
colony increased with increasing concéntration of neen
oil cake content added to the growth medium.
v Th éﬁ hrs. after .inoculation, tnere w;s.18.5% growth
. .| reduction at 100 ppm 22.22% growth reduction at 100 ppm
a;ld 33,33% at 10,000 ppm of neem oil cake (Table=42).
In 96 hrs. afier inoculation, the growth reduction was
14,60%, 25.84nand 31.46% at 100 ppm, 1000 ppm and
10,000 ppm of neem 0il cake respectively. Thus there
~was an appreciable difference in inhibition with the
incréase ih concentration of neem oil cake percentage.
However, at agiven concentration, the inhibition percen-
tagé did not change much with increase in duration of

exposure to neem oil cake from 24 hrs to 96 hrs.
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Table 42: Effect cf neem cil cake cn the growth of

7. paradcxa ccleny in vitrs.

Time cf

* .
:?fﬁrzi: Control 100 ppa 1000 ppm 10,000 ppma
cn. * %
ter inc= **p . eter © Diameter % of *Diameter % of Diameter % of
culaticn of of inhi- of inhi- of inhi-
(in hrs.) coleny ~colony biticn  colony biticn cclony bitiscn
(in am) (in am) of (in nm) of (in mm) of
greowth growth growth
24 27 22 18.5 21 22,2 18 33.3
48 58 45 22.4 43 25.8 37 36.2
72 84 69 17.8 66 21.4 58 30.9
96 89 76 14.6 66 25.8 61 31.4

po g g

* PDA medium withcut neem cil cake ccntent.

*##* Mean ¢f fgur replicates.,

P oo foinrncorem it oo ian e e e e o it e e g et — P
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4,6,2.1 Effect of neem o0il cake extract.

Percentage of reduction of growth of T, Paradoxa
colony increased with increasing concentration of neem
oil cake extract added to the growth mediums In2.4 brs.after
inoculation, there was 11.1% growth reduction at
L. paradoxa at 5,000 ppm, 22.2% growth reduction at
25000 ppm and 29.6% growth reduction at 5000 ppm of
neem oil cake (Table-43), In 96 hrs. after inocula-
tion, the growth reduction was 5.6%, 10.1% and 13 .,5%
at 5000 ppm, 25000 ppm and 5000 ppm of neem oil cake
respectively. Thus there was appreciable differencen
growth inhibition of T. paradoxa with the increase
in concentration of neem oil cake percentage in the

growth medium,

L 2R 2N 2N N 1
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mTable 43. Effect of neem oil cake extract on the growth of

T?. paradcxa ccleny in vitre.

ime of
S ervn- *Control 5,000 ppm 25,000 ppm 50,000 ppm
tion f- wwpjameter **Diameter % cf  **Diameter % cof **Diameter % of
ter ino- of of inhi- of inhi- of inhi-
culaticn cclony cclony bitiecn ccleny biticn cclcny  biti-
(in hrs.) (in mn) (in mm) of (in mm) of (in mm) c¢n
growth growth of
gro-
wth
24 27 24 1.1 21 22.2 19 29.6
48 60 59 1.7 56 6.7 53 11,7
72 84 79 6.0 73 13,1 67 20,2
96 89 84 5.6 80 10.1 77 13.5

e S e T e wew Y R mem T % T SER TS e S S TN I v T S S T S T s D S T S e ey S SV T v T S S S S i S S e 7 e e v A P e
. S o S e T e s i i e, . S . B . . S . o e e e e e e e e e L O R R R R R I N S D S S S S I T T T e i e e e v et e e e e B ey e

* PDA medium without neem cil cake cocntent.

- ** Mean c¢f four replicates.




165

5, DISCUSSION

One of the factors for decline in productivity of coconut
is the incidence of number of diseases affecting the palm at
its various stages of its growth. Among the diseasesystem
bleeding disease is a very importarnt one. Though many types
of stem bleeding.have.been reported in coconut, in a very high
percentage of cases, Thje;@vigpéis paradoxa was found to be
was véry closely associated. Only very recently it was esta-
blished beyond doubt that I. paradoxa is the incitant of common

stem bleeding disease of coconut(Nambiar et al., 1986).

To study a disease in detail it is important to know
the variability prevalent in the pathogen. Often many organisms
‘may colonize a diseased tissue in succession., Sometimes |
simultaneous infections are also noticed. All these phenomena
definitely affect the symptom picture, disease development,
population build up and survival of the pathogen and also

damages afflicted on the host.

In the present study experiments have been designed to
study the variability existing in the pathogen, to isolate the
associated fungal mycofldra and further to study the nature of
their interaction with I. paradoxa, Yet another objective was

to study with special emphasis on those mycoflora which exhibited
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innibitory influence on I. paradoxa. This woula give an idea

on the fungal flora which may have potential as biocontrol

agents.

First set of experiment was designed at studying the
variability prevailing in I. paradoxa. Therefore L. paradoxa
was isolated from stem bleeding affected palms from different
regions in Kerala and one locality in Dakshina Kannada (Karnataka
State). Isolations were made at different stages of the disease
and from a variety of treatments to avail the maximum variability.
It was found that I. paradoxg could be isolated only from young

untreated diseased lesions (Table=1).

Since I, paradoxa is the incitant of the disease(Nambiar
et gl.,1986)'it is quite natural that young lesjions yield the
pathogen. 4#s the disease advances, fungal succession sets in

and the old lesions are invariably affected by a variety of

fungi like scremonium sp. Agpergillus niger, Chalaropsis sp.
yucur sp., Penicillium sp, Pestalotiopgis palmarum, Rhizopus sp.

Irichoderma harzianum, I. viride etc.(Table-1) depending on the
aerospora available in the locality. These 6rganisms would have
competed with I. paradoxa for space and nutrients or could have
smothered the growth of I. paradoxa by physical contact or could
hav? produced toxic principles arresting the growtheforeven
killing L. paradoxa. Such instances where antagonistic fungi
competed with or affected the growth of a plant pathozen can be
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found in literature. Thus Lal and Radha (1974) found it difficult

to isolate FPhytopnthora palmivora from bud rot affected coconut in
the\late stages due to interference by Pseudomonasg SP.y Xanthomonds sp.
iﬂi&nia Spe 4 variety of fungal mycoflora including Aspergillug

flavug, Penicillium chrygsogenum, P. freguentang, P. rpurogen

etc.wereobserved on peach twigs and flowers at different times

_0f the year and found to inhibit the growth of lonilinia laxa,
the pathogen of peach Gﬂﬁlgarejo et al. 1985), Difficulty in
i1solation of the pathogen causing quick wilt of black pepper

SPhthghtthg Ralpiveora) in the late stages because of fast

colonization of the tissues by saprophytic mycoflora like Fugarium
sP.yKhizoctonia sp.,Pythiun sp. etc. has been reported by Sarma
and Nambiar (1982). Prior inoculation of the antagonistic fungus
Peniophora gigantea to the freshly cut, nearly sterile stump
surface of pine, inhibited the growth of Heterobasidion anno sum,
the causal agent of root rot of pine (Rishbeth, 1963; Artman,
1972;‘Poleshchuk'and Yakimov, 1986). Since the associated fungi
i1solated from old lesions of coconut are prolific in their growth

rate and production of conidia, attempts to isolate T, Paradoxa

from older lesions have been mostly failures.

Coal tar applied lesions in the coconut trunk did not yield
i paradoxa (Table-1). &ven before the etiology of stem bleeding
ras known, it was found that removing the affected bark and applying
0t coal tar could check thé advancement of stem bleeding, This

s mainly due to the fact that decay and damage do not Penetrate
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very deep into the stem tissues. Therefore when the affected
portions are chiselled away, the source of inoculum is ailso
‘automatically'removed. Further, coal tar acts as a seal for
the tissue cavities thereby preventing fungal entry to the
host tissue, though tempbrarily. Coal tar is applied to the
bark at fairly high temperatures, and this also would have

killed the pathosen to an extent,

When neem cake is applied to the soil, it not only improves
the soil texture but also enccurages the growth of a variety of
fungi which colonize and flourish in the treated soil. #Many such
fungi which produce aiﬁ:borne‘ conidia would naturally therefore
have a chance to éhlonize fresh lesions caused by I. paradoxa.
Some of these fungi may be natural antagonists fo ;. paradoxa,
resulting in the growth inhibition of the pathogen, either acting
singly or in combination. It is also possible that some fungi
would have produced chemicals/toxins which would have translocated
to the site of infection through the coconut root system. It is

knwon that fungi like Trichoderma sp.yGliocladium sp. etc. produce

such antifungal chemicals (Papavizas, 1985). From samples of soil
in which either neem cake or fertilizer cum organics have been
applied, a predominance of A, niger and Trichgdérma harzianum was
observed (Table=2). Incidentally these organisms have been

proved to be antagonistic to I. paradoxa in the later studies
(Results 4.5.2), strengthening the view why isolation of I. paradoxs

was poor in such soil.
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Rajan and Singh (1974) reported the increased soil
mycoflora by the addition of neem 0il cake to the soil thereby
reducing the inoculum potential of Pythium gphanidermatum in
oil cake amended soil -and the authors presuned that this might
be due to possible toxic effect of decomposition products of
neem oil cake encouraging preferably the growth of soil sapro-
phytes which might have helped in the prevention of increase
of population of the pathogen in the soil through competition.
With respect to T. paradoxa further studies in this line are

needed.

In an instance whére stem bleeding was found to be very
severe (Shiria in Kerala State) root samples from the affected
trees, and not soil samples, yielded I. pgzgggxg(Tablés 2 & 3).
Extensive root damage was noticed in this case. This clearly
indicates that I. paradoxa finds root as a very convenient
substratum for its activity. Such instances have been
reported in the case of soil borne pathogens. For instance,
Ganoderpa lucidum causing root rot in a variety of crops could
not oe easily isolated from soil particles because of its shy
growth, However, from affected roots, the fungus could be

readily isolated (Bakshi et al., 1976).
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Studies on the effect of culture media on the isolates of
I. paradoxa revealed that growth pattern and rate was different
for different isolates om given medium (Tables 4 to 16)
(Fig.7). This suggestﬁthat nutritional requirements in different
isolates of I. gg;ggégg differed. This further suggests that
eventhough gross morphology is not affected, variability for
growth parameters was exhibited by I. paradoxa in different
environments contribﬁting different nutritional requirements.
Similar pnenomenon has been reported in the genus, Solletotrichum,
known for its variability in cultural and morphological
characters (4rx, 1970). Intraspecific variations have been
worked out in detail in C. falcatum on sugarcane (Abbott, 1938;
Chona and Srivastava, 1960), C. lini (Zarzycka, 1976) and
C. gloeosporioides on coffee (Muthappa, 19743 Hindarf, 1975)
and C. glgeogporigideg on cacao (Chandra Mohanan, 1983).
lordeu (1971) implicated heterokaryosis, parasexuality etc.
as the causes for high degree of variability in C. gloeosporioides.
€. falcatum isolates were classified into light and dark
dark types based on the cultural characters on oat meal agar
(OMA) medium (Chona and Srivastava, 1960). In the present
study, one isolate distinctly differed from others in that
1t produced a fruity smell in culture (Table-15). The isolates
of Colletotrichum Sp. causing coffee berry disease were divided
into four groups based on cultural Characteristics such as

‘growth‘rate, colour and production of aerial mycelium and

conidia,
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In the present study of cultural and morphological characters

. of T, paradoxa isolates, eventhough variations of characters among
the isolates were found, since the number of isolates of I. paradoxa
were limited (six isolates only), more number of isolates from
different places should be collected to make a classification of
i{solates based on morphological and cultural characters as was

done in Colletotrichum. However, some generalisation can be made

with regard to growth requirements of I. paradoxa isolates. None
of the isolates could grow well on Oak Wilt Fungus Agar-C (Himedia).
This medium was deficient in protein/aminoacids. On the contrary
growth of all the isolates was favoured by Asparagine/protein
containikg mediun like'Dextrose Asparagine Phosphate Agar(DAPA)
mediun and Kirchoff's Agar (\KA) medium (Table-16)§Fig.17).
uavid.0987)reported Asparagine as the best aminoacid source for

~ the profuse grouwh and sporulation of Ceratocvstis adoxa, the
causal agent of Sett rot of sugarcane. Similar instances have been

observed with respect to many other fungi. Leonian and Lilly(1940)

observed very good growth Phycomyces blakesleeaws on medium contain-

ining Asparagine. Lillly and Leonian(1942) investigated the
effect of nitrogen source on the growth of 10 strains of
Saccharomyces cerevisiae and found that different strains of the
sane organism responded différently to the same source of nitrogen
viz, L-Asparagine. Pepton and biotin requirement of Ganoderma
lucidum for profuse growth and sporophorqﬁormation in culture

media-was reported by Nambiar and Nair (1972). Steinberg(1942)
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Fig.17. Comparison of growth rate ot isolates of

T.paradoxa on Oak Wilt Fungus Agar<€ and
Dextrose " Asparagine Phosphate Agar.
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made an extensive study of growth of Agperzillusg niger on 22
aminoacids, Aspartic acid and six“&ther aminoacids were found
as excellent source of nitrogen for A. piger. In literature,

there are reports where species of Ceratgstomellg required
various vitamins for their growth. More than 200 fungi were known

to be partially or totally deficient in Thiamine (Fries, 1948).
Among the filament fungi deficiency of pyridoxine seems to be

characteristic of certain species of Ceratostomella (Robbins and
Ma, 1942). Ceratostomella ulmi and C. pillfera were reported

to be deficient for pyridoxine (Robbins and ia, 1942a). Some
species reported to be deficient for pyridoxine are alse defi-
cient in thiamine and biotin (C. ips, C. pini, C. mentium.awd

C. microspere), biotin only (eg. C. piceaperda) or Thiamine enly

(eg. C. multiangulata , C. pluriannulata) (Robbins and Ma. 1942a,
1942b). However, requirement of aminoacids and Vitamins, in

case of T. paradoxa, needs further experimentation.

All the isolates of T. paradoxa were found to grow luxuri-
antly on sterile coconut rachillae. But a few of the isolates
(1solates 2, 3 and 5) did not show good growth on Coconut Tissue
Extract Agar (CTEA) medium as compared to DAPA and KA media in
the initial period of growth. It is likely that the nutrient
status of the bark tissues from which extraction has been made 1is
quite different from that of the rachis. Rachis may be a rich
source of nutrient as compared to bark tissues, as far as the
growth of I. papradoxa is concerned. Another possible reason that
the nutriénts in the bark tissues would have got diluted to the ex-

tent as not to support luxurient growth of the fungus as seen on the
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sterilised rachis. It is also likely that the chemical compounds
in the bark tissues would have undergone changes during the
process of extraction and this altered compound might be more
thermolabile and would have got destroyed. In nature profuse
bunch infection due to I. paradoxa has been rep&%ed especially

in regions waere cooler conditions with a high relative kxmxdt¥y

humnidity preva:’.l(Anon,~ 1985) .

In general, isolates of I. paradoxa (Isolates 2,3 & 5)
producing fluffy colohies, grew faster and produced more
mycelial growth (Tables 7, 9 & 13). As against this, I. paradoxa
isolate=6 which was a shy grower with flat colonies(Table-15)
produced abundant conidia and chlamydospores (Tables 18 & 21
respectively), shortly after inoculation(within 24 hrs.) thus
indicating that variability existed among I. paradoxa isolates
in the nature of conversion of energy. Vhile isolate nos.2, 3
and 5 excelled in producing vegetative growth (Tables 7, 9 &
13), isolate no.6 produced innumerous conidia and chlamydospores
and produced a fruity smell (Table-=15) which attracted fliee
like Drosophila to it. As against these categories isolate nos.
1 and 4 were poor in vegetative growth as well as in producing
conidia (Table-18) and chlamydospores(Tables 19 & 20).
The occurrence of large number of conidia and chlamydospores
iv isolate-6 has a direct bearing on the virulence and also
survival ability oz the'pathogen. Although the fast grawing

mycelial isolates had a distinct advantage in fast colonization
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of the host tissue rapidly, the isoclate=6 producing both
chlamydospores and conidia had a direct advantage over the
first category. Sinc; conidia were readily‘produced and flies
were attracted to the fungus due to fruity swell, it is quite
likely tnat fast dissemination of the conidia would take place
through thesz flies, which act as passive carriers. However,
this needs further experimentation and confirmation. Insect
dissemination of Ceratocystis ulmi was recorded in the case of
Dutch elm disease. The.elm bark beetle, Scolytus scolytug

was reported as the most important vector of C. ulmi,
(Collins, 1941). There is a likelihood of a similar possibility
in stem bleeding diseaée also. It is known that quite often

stem bleeding affected palms especially in the late stages of

disease, are infested by insects like Diocalandra sp.y Xyleborus
etc. (Menon and Pandalai, 1960). Further studies are required

to determine their role in the dissemination of the fungus.

In many fungi chlamydospores are formed during adverse
climatic conditions, nutrient deficiency and due to aging. This
has a direct bearing on the epidemiology. Since calamydospores
have a great sngival value, they help the pathogen to tide over
the unfavourable conditions till ideal conditions for disease
initiation set in. Therefore an isolate which is capable of
producing large nunber of chlamydospores has a distinct advantage
of greater survival value over others who lack this capacity.
Such an instance was reported in Fugarium graminearum causing
the most serious crown rot of wheat in the eastern belt of

Australia (Burgess et al.,1975). E. graminearum group-1 which
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produced large number of chlamydospores but no perithecia

was regarded as being the mést serious cause o1 crown rot of
wheat than F. graminearum group-2 which readily produced
perithecia but not chlamydospores. However, E. graminearum.
group-2 isolates found to be the major cause of stalk rot of
maize., In Colletotrichum falcatum (Chona and Srivastava, 1960)
and C. gloeasporioideg (Chandra ilohanan, 1983) highly sporulating

isolates sihowed high degree of virulence.

Often the above mentioned characters may go hand in hand
with a change in the virulence in a pathogen, making it a
potentially dangerouslor less virulent pathogen. Presence of
a highly patinosenic aggressive strain and less pathogénic
nonaggressive strain, wikth in the same pathogen‘was well
reported in Ceratocystis ulmi, the causal agent of Dutch elm
disease (Brasier, 1981). In Colletotrichum gloeospoioides,
the isolate showing higher rate of growth were found as the
least sporulating and less pathogenic than the isolates showing
slower rate of growth and high aegree of sporulation (Chandra

Mohanan, 1983). Similar case was reported in Colletotrichum

falcatun (Chona and Srivastava, 1960). In cases where less
virulent isclates of the pathogen are present, there is a
possibility of using them as biocontrol agents to ptotect a
plant against the more virulent pathogen. There are many such
instanceé in literature. Resistance was induced in bean

(Phaseolus vulgaris) hypocotyls to Colletotrichum lindemuthianum

by prior inoculation with an avirulent race of the fungus

(Rahe et gl.,1969)s T%rticularly striking example of resistance
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to a pathogen induced by prior inoculation with a nonpathogen
is with sweet potato varieties susceptible to Ceratocystis
fimbriata (Weber and Stahmann, 1966). Susceptible tissues of
the sweet potato variety Jersy Orange, inoculated with a
nonpathogenic isolate of C. fimbriata were immune

or resistant when inoculated two days later with a pathogenic
isolate of C. fimbriata. Tissues not inoculated first with the
nonpathogenic isolate were fuliy susceptible. However, in the
case of I, paradoxa though variation of cultural characters
exists among different isolates, virulence among the isolate

of T, paradoxa needs further investigation.

’

Development of a diSease is affected by many factors like
the host, weather, pathogen and also by other biological factors
like mycoflora associated with the diseased plant/les;on. The
advancement of an aggressive pathogen may be stopped by an
antagonistic associate present at the site or a disease symptom/
damage may be aggravated by a fungal successor which brings
about further deterioration to the plant tissue. Gljocladium
roseum, Trichoderma polvsporum and I. viride were reported to
be capable of replacing the aggressive strain of the pathogen
of Dutch elm disease, viz. Ceratocvstis wlmi in the inner bark
of elm trees (Webber and Hedger, 1986). On the other hand
disease symptom/damage to the bud rot affected coconut palm
due to FPhvtophthora palmivora was aggravated by the secondary
colonizers viz, P§eudgmgng53»Zggthomona§7;nd Erwiniafgzd
hastened secondary rotting of the crown (Lal and Radha, 1974).
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In ginger, the soft rot caused by Pythjun sp. is aggravated

when super’ imposed by Fusariug infection(Sharma and Jain, 1977).
Hence it becomes an important aspect of plant pathology to study
the effect of various organisms associated with an infected tissue,
In the present study the inter-relationships between I. paradexa
and the associated mycoflora has revealed a wide variety of inte-
ractions. Isolates of I. paradoxa reacted differently to different
fungi and vice versa (Tables 24, 27, 31 and 35). Similar studies
have been reported in the case of Dutch elm disease where the

in vitro interaction of different isolates of elm bark saprobes
with Ceratocystis ulni was investigated (Webber and Hedger, 1986).

In the present study, in general, four kinds of reactions

were noticed as follows:

1) Commensalism where both organisms grew without affecting
each other adversely but intemingling freely, Acreponiug sp

Chalaropsis sp. etc. belonged to this category. Cladogporium
herbarum, Sliomastrix muromm, and Sraphiun pepicillioides
showed such an interaction with E. ulmi in vitro.(Webber and
Hedger, 1986).

11) Expression of mutual inhibition with the formation of a
pigmented zone. In this'category, it was found that mutual
inhibition started shortly after inoculation., ZI. parsdoxa
(6.25% to 26.7%)inhibition) and A. niger (14.37% to 33,.3%

| inhibit;on) showed such a type of mutual inhibition (Tables
. 23, 25, 26, 28, 29, 30, 32, 33, and 34) with a prigmented

zone in the first week after inoculation. However, after
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15 days, mutual inhibitien was not found. <Lhis may be due to
the dissolution or denaturation of the inhibitéry chemical
present in the pigmented zone. In the case of interaction of
C. ulpj with elm bark saprobes, Apggghaerig ulpjcola,
Conjothyrium kargtenil, Fusarium solani, Nectria coccinea,
Penicilljum putterillij (isolate-2), Phomopsis oblonga,

Seiridium intermedium, Verticilliwm cinnabarinua showed this
type of interaction (Webber and Hedger, 1986).

1 )Expression of mutual inhibition with a clear zone: This type of
interaction was found between a) T. paradoxa isolate Nosb and
Pegtalotiopsis palmarug (Table-30), b) I. paradoxa isolates

3, 5 and 6, and A. terreus (Tables 26, 30 and 34). etc. Mutual
inhibition may be due to the secretion of inhibitory products and
their diffusion into the surrounding medium. The efficiency and
concentration of these chemicals depend on the organisms involved.
Sometimes this expression was delayed as in the case of intera-
ction of T. paradoxa and P. palmarum (40%)(Table-30) in the
present study. This may be due to either slow growth of the test
fungus or late production of the inhibiting substance by the test
fungus. Mutual inhibition with a clear zone was found in between
C. ulpi and elm bark saprobes like Boirvogphaerig stevensid,
Epicoccoun nigrum, rusarium lateritium and Irichothecium rosewum,

in vitro (Webber and Hedger, 1986). However, whether this pattern
of inhibition observed in wkxx in vitro studies can be straight
away translated into similar in vivo effects in the case of

T, paradoxa can be judged only by real ip vivo studies as has been
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explained by Webber and Hedger (1986), while comparing the
interactions between C. ulmi and elm bark saprobes in vitro and

in vivg. All the fungi which showed mutual inhibition (with or
without a pigmented zone) with C. ulmi, failed to show
inhibition of growth of Q; ulmi in vivo (Webber and Hedger, 1986).
However, the fungi which showed mutual inhibition with I. paradoxa
in vitro may be used for the study of the interaction ip vivo.

In the fourth category of reaction, growth of the isolates of

T, paradoxa was inhibited by the challenging organims like
Trichoderma harzianum (6:25% to 22.22% in 24 hrs. after inoculation)
(Tables 23, 25, 28, and 32) and I. viride (5.88% to 33.3% in 24 hrs.
after inoculation) (Tabies 23, 25, 28 and 32). Eventhough
A, piger showed mutual inhibition with I. paradoxg for 15 days
after inoculation, later A. niger showed the same type of inhi-
bition as was shown by Irichoderma sp. Fifteen days after inocu-
lation, all the three fungi overgrew on I. paradoxa colony
(Tables 24, 27, 31 and 35). This indicates the lack of defence
mechanisms in I. paradoxa against the aggressors in protecting

itself., This category of organisms should be thoroughly studied

and searched for obtaining potential biocontrol agents.

Six organisms namely A. niger (one isolate), T. harzianum
two isolates and I. viride (three isolates) expressed antagonistic
reactions towards I. paradoxa. As mentioned earlier, fungal
succession has a significant role in the development of diseases,

survival of the pathogen, damages to the host etc. The precedence

~or succession of a fungus in sequencial colonization of a host

decides its survival and also interaction with other organisms.
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Bora (1977) tested in vitro effects of A. niger isolated

from soil against Fusarjum golani, Alternaria alterpata and
Rhizoctonia sglani from egg plant. A. piger showed the greatest
antagonism. Gokulapalan and Nair (1984) studied the antagonistic
effect of A. niger on R. solani causing rice sheath blight and
found that A, njger was contagonistic to the pathogen in vitro.
Venkatasubbaiah and Safeeulla (1984) studied the in vitro
interaction of A. pizer with R. golanj, the incitant of collar
rot of coffee seedlings. A. piger hypherparasitised R. golani
completely in dual culture. In the present studies using

A, piger, it was observed that with all the isolates of

T. paradoxa, when A, Q;gg; was inoculated first (12 hrs.

earlier to T. paradoxa), maximum extent of growth inhibition
ranging from 36.7% to 50% at the end of 72 hrs: after inocula-
tion was observed (Table-36), In case where both were inocula-
ted simultaneously, the extent of growth inhibition was lower
ranging from 30% to 40% at the end of 72 hours after inoculatior
(Table-36)., However, it was noticed that the maximum growth
inhibition was obtained at 60 hrs. after inoculation and it

did not increase further. In cases where I. paradoxa preceded
A. niger by 12 hrs, maximum growth inhibition was reached at

43 hours. in I. paradoxa isolate Nos. 2, 3 and 6 (50%, 39.3%,
and 36.7% respectively) and at 72 hrs. in Isolate No.5(50%)
{Table-36). , thus indicating that for efficient expression

of antagonism, the inoculation of test fungus must precede

I. paradoxa by atleast 12 hrs. In certain cases, such- results
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have been confirmed in vive also. For instance, A, piger
showed antagonism in vivo against Fugarium soland, Alternaria
alternata and Rhizoctonia solani in egg plant (Bora, 1977).
Seed tratment with A. piger significantly reduced collar rot

of coffee seedlings due to R. golani. (Venkatasubbaiah and
Safeeulla, 1984). However, in this case, the results could not
be confirmed by in vive studies. Such studies are required to
ascertain the suitability of this fungus as a bioceontrol agent.

Lee and Wu (1979) reported plasmolysis of hyphae of
Sclerotinia sclerotiorws by I. hargianum in yitro. I. harzianug
grew more rapidly and covered colonies of S. sclerotiorug in
culture. In the present study, two isolates of Irjchoderma
harzianum were tested as in the previous case of A. niger, against
four isolates of I. paradoxa. Here also trend of the results
were similar ie., extent of inhibition was maximum when the
antagonist inoculation preceeded the pathogen by at least
12 hrs. In general, both the isolates of I, harzianum exerted
greater growth inhibition on all the isolates of I. paradoxa
than A, niger, the range being 23.3% to 86.6% (Tables 37 & 38)
in comparison with 13.3% to 50% exerted by A, niger. Once
agaln, testing these results in vivgo is necessary for ascertain=-
ing the efficacy of these fungi as candidates for biocontrol of
L. paradoxa. In literature plenty of instances are available
where i, harzianum has been successfully used as a biocontrol
agent for plant disease. Pal and Chaudhary (1975) observed a

necrotrophic type of mycoparasitism between I. hargzianum and
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and Rhizoctonia solani in Crotalaria juncea plants. FPottle
et al. (1977) reported the biological control of wound

hymenomycetes in Acer rubrum by I. harzianum. Abd=Ed-doity
and Shatla (1981) reoorted biological control of white rot

disease of onion due to Sclerotium cepivoyum by I. harzianum.

Application of mycelium and spores of I. harzianup decreased
infection of onions in pots, glass house pots and in the field.
Elad et al. (1981) reported the biological control of

Rhizoctonia solani in strawberry fields by I. harzianum. The
disease severity in daughter plants was reduced by 18-46% in
nursery plots treated with preparations of 2. harzianup. Plants
treated with I. garziggum and transferred to the commercial field
gave a 21=37% increase in early yield. Decreased incldence of
crown rot of tomato caused by Fugariup sp. under field conditions
by applying conidial suspension of 1. harzianum to the roots and
crowns of tomato plants at the time of planting was reported

by Marois et al. (1981). Schulz (1981) investigated the
biological control of Cytospora persoonii and Y. cincta causing
cankers on peach, plum and cherry trees. Uood inhibition of

the pathogen was obtained by the prophylactic treatment of

trees with I. harzianum. Treatment of established cankers was
unsuccessful. Smith et al.(1981) postulated the mechanism of

biological control of Fomeg connatus in red maple wounds treated
with I. harzianum. It was reported that I. harzianum increased

phenol content of the plant that inhibited decay fungus like

F. connatug. With a view to determing whether similar mechanisms



may be operating in this case also, in vivo studies are required
using T. harzianum against coconut pathogen. ihis needs in vivo
study of the interaction of I. harziapum in the stem bleeding
portions of the coconut palm. Venkatasubbaiah et al. (1984)
studied the interaction of T. harzianum with Rhizoctonia solani,
the incitant of collar rot of coffee seedlings. Seed treatment
with T, harzianuy significantly reduced disease incidence.
Similar studies by Strashnov et al* (1985) using R. solani
causing fruit rot of tomato resulted in reduction of fruit rot
by 43% and 85% respectively by the application of I. parzianum
to soil and by coating tomato fruits under laboratory conditions.
Wnen mixed with naturally infested soil, I. harzianup reduced
the fruit rot by 27-51% in tomato., Bisiach et al,(1985)
reported the reduction of incidence of Botrytis cinerea on grape
in the field by 4=6 applications of conidial suspension of

I. hargianun from flowering time. However, the efficacy of
L, harzianum as a biocontrol agent of I. paradoxa under natural

conditions needs in vivo experiments.

Irichoderma viride is one of the potential antagonistic
fungi, inhibiting the growth of many plant pathogenic fungi.
Bora (1977) tested in vitro effects of T. viride isolated from
soll against Fugarjum golani, Alternaria alternata and
Rhizoctonia golani from egg plant and reported that the antago=-
stic effect of I. viride on these pathogens. Sychev and
Shaposhnik \1982) reported the growth inhibition of Rhizoctenia
‘solani, the pathogen of Cucumigs sativum, on Czapek-Dox medium,
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by I. viride. ‘he culture filtrate less than 10% was found
enough for the biocontrol of the pathogen. Uokulapalan and
Nair (1984) studied the antagonistic effect of I, viride on
Rhizoctonia solani causing rice sheath blight and found that

L, viride was antagonistic to the pathogen in vitro. During

the course of the present investigations, three isolates of

2. viride were obtained and thexm subjected to in vitro

studies in ascertainingvtheir inhibition properties against

the isolates of I. paradoxa. As in the two previous cases,
maximum growth inhibition (50% to 90%) (Tables 39, 40 & 41)

of I. paradoxa isolates was afforded when the T, viride isolatesv
were inoculated first ih.12 hours before the pathogen. With
regard to the extent of inhibition afforded, I. viride faired
better than A. niger in all instances. In comparison with

L. harzianup also, L. viride gave better results in certain
instances. Here the range forthe value of inhibition (when
before, simultaneous and after inoculation of T, virjde were
considered) was 13.3% to 90% (Tables 39, 40 & 41) where -

as corresponding values for I, harzianum were 23.3% to 86.6%

and for A. niger 13.3% to 50% (Fig. 18). I. viride has exhibited
a wide range of inhibition from among all the three species of
fungi tested. However, confirmation of these results_in vitro

is necessary for evaluating the efficacy of these isolates in
plant protection in vivo. in literature Plenty of instances are
available where T, viride has been successfully used as a biocontrol
agent for plant diseases. I, viride was reported to act as
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a biocontrol agent against Armillaria root rot (Armillaria
mellea) of shadé trees, frﬁit trees etc. (Heald, 1933;

Munnecke et al. 1976, Rishbeth, 1979)., Musatova and Kirik

(1977) reported that the introduction of I. viride into.the

soil limited infection of winter wheat by Fusarium sp. increasing
yield, Nikitina et al. (1977) investigated the effect of culture
liquids of I. yiride on the growth, development and infection of

maize by Ustilago maydis. Antibiotics from the fungus caused

degeneration anq disintegration of the pathogzen. Dubos et al.

(1978 ) studied the effect of T. viride on Botrvtis cinerea and
Phomopsis viticola, In vineyard at Bordeaux, a suspension of

T, viride culture on oat agar, diluted to 108 spores/ml had an
efficacy of 70% against B. cinerea and 80% against P. viticola.
Bisiach et al. (1985) reported the reduction of incidence of
Botrytig ginerea on grape in the field by 4-6 applications of
conidial suspensions of I. viride from flowering time,
Antagonistic nature of L. virjde against Helminthosporium gativum
infecting wheat seedlings was reported by Prasad gt al.(1978).
There was only 14.3% infection of seedlings when wheat seeds

were treated with suspension of I. viride as compared with 96.7%
in water controls, Dumitras and Fratilescu-Sesan (1979)

reported Fhe in vivo protection of beet and cotton seedlings
against Pythiun debarvanum by I. viride. Rebenko et al.{(1979)
reported that tréatment of Odessa 46 winter barley with I. viride
increased resistance and reduced incidence of the disease in
trials using inoculation of plants with Fusarium oxysporum,
Helminthosporium gativum and Ugtilago hordei. Dumitras and

Sesan (1980) studied the antagonistic effect of 39 isolates
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of T, virijde against Rhizoctonia solani on sugarbeet, bean
(Phageolus vulgaris) and cotton seedlings. In biological
treatments of seeds and soils in the glass house, the results
were similar to those obtained by chemical method. (Ubaidullaev
(1980) reported tne use of I. viride with fertilizers for the
biological control of Verticillium dahlise infecting cotton. In
field trials, the yield was highest when spore preparation of

T, viride at 450 mg/m2 was introduced into the soil with super-
phosphate after ploughing in Autumn or before sowing in spring.,.
Schulz (1981) investigated the biological control of cytospora
persoonii and C, cineta causing cankers on peach plum and
cherry trees. Prophylactic treatment of trees with I. viride
showed goodinhibition of the pathogen. I. viride showed the best
effect four days after application. Treatments of established
cankers has been successful., Ricard (1983) treated 15 elms

with I, viride pellets by inserting the pellets into the trunks
@f elm trees affected by Dutchzg?sease caused by C. ulmi,

every 10 em around the circumference. There was no progress of
the disease during th¥ee growing seasons. David (1987 ) reported
that Bythiup root rot of sugarcane seedlings causing loss of
valuable seedlings in nurseries after germination from the true
seed (fluff) could be effectively controlled with the incorpora-
tion of Trichoderma vizide to seed beds. Mass multiplication of

I. viride was standardised in sand sorghum medium in polythene

bags. However, the efficacy of I. viride as a biocontrol agent of
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T, paradoxa under natural conditions needs in vivo experiments.

This preliminary studies on I. paradoxa indicate the
possibility of using some of the asgsociated fungal organisms
as potential antagonists or biocontrol agents tc the pathogen.
Extensive studies in this direction are required to screen more
nunber of candidate fungi for their possible use as biocontrol
agents. On the other hand all fungi, antagonistic to the
pathogen in vitro need not be antagonistic in vivo also, as
has been well documented in case of Dutch elm disease (Webber
and Hedger, 1986). Hehce the interactions of antagonistic
fungil ip vitro should be studied in vivo also ta use the antago=-

nists as biocontrol agents under natural conditions.

The success of any biocontrol programme comes from the
feasibility oq&ts wide adoption. Any technique becomes popular
when it is economical and is less combersome. 41t was observed
that application of 5 kg neem oil cake/tree/year continously
for 2-3 yeérs could reduce the severity of stem bleeding disease
in a few diseased palms in preliminary field tests. (Nambiar
personal communication). This needs large scale field testing
for confirmation. %hen isolations were made from young lesions
from neemn cake applied plants, an abundance of antagonistic
fungi namely A. njiger and'E. harzianum were observed in those
tissues.(Table=1). Thus this practice could profitably be
exploited to effect biological control of I. paradoxa, the
causal agent of stem bleeding disease of coconut, under natural

conditions. To study the inhibitory properties of neem oil cake,
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experiments were conducted to test the efficacy of neem oil,
whoie cake powder, aquous extract of neem 0il cake on I. paradoxa
ip vitro. Results indicated that whole powder was more
effective than aquous extract or oil. “his gives a clue that
inhibitory properties 'of neem oil cake may be direct as well
as indirect. In direct cases, the whole powder wnich contains
materials other than water soluble ingredients and which
contains lesser level'ofigay be responsible for direct
inhibitory properties. To study the nature of this component
various extractants should be tried for extracting the inhibi-
tory principle. The indirect effect of neem 0il cake in
alleviating the symptoms may be due to the fact that it
supports excellent growth of many antagonistic fungi like

A. niger, I. hapzianum etc. which in turn bring ebout inhibi-
tion of growth of I. paradoxg. However, these ideas need

further experimentation and confirmation.

[ 3 2K IR 2K 4
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6. SUMMARY AND CONCLUSIONS

1. The recent esfablishment of pathogenicity of Thielaviopsis
paradoxa in causing stem bleeding disease of coccnut has
opened up new avenues in understanding the disease. The
existence of variability in the pathogen (I. paradoxa) is

one field, in which no work has been done. oventhough a

large number of organisms like Aspergillus sp, Diplodia sps,
Fusarium sp., Hucor sp., FPenjcillium sp., ihizoctonjia sp.,

Irichoderma sp., etc. have been isolated from sted.bleeding
¢ lesions, their influgnce on the pathogen and on the disease
has so far not been studied. Hence, to fill in this lacuna,
in vitro studies on the interaction of the fungi i§olated
from tissues and/or soils with I. paradoxa was taken up with
a view to mainly determining mycoflora antagonistic to the
pathogen so that they might be useful in later studies in

evolving biological cdntrol measures against the stem bleed-

- 1ing pathogen.

2., The present study consists of three parts namely:
1) Isolation of I, paradoxa from different sources, and
cultural and morphological characters of different

isolates of I, paradoxa.

i1) Isolation of different mycoflora associated with stem

bleeding disease of coconut.

iii) In vitro studies on the interaction of associated mycoflora

with the isolates of I, paradoxa.
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T, paradoxa could be isolated only from young lesions from
the diseased palms and decaying roots. From old lesions or
from stem tissues treated with coal tar or from soil/tissues
of palms whose basins received neem oil cake application,

T, paradoxa could not be isolated.

A total of six isolates of T. paradoxa wevemade from different
localities in Kerala,and the cultural and morphological chara-

cters were studied in vitro.

Studies on the effect of culture media on the isolates of

€, paradoxa revealed that growth pattern and rate were
different for diffefent isolates on a given medium. Similarly
growth of each isolate in different media was also.different,
suggesting that nutritional requirements differed in different

isolates of I. paradoxa.

None of the isolates of I. paradoxa could grow well on Oak
Wilt Pungus Agar (OWA=C) medium which was deficient in
protein/aminoacids. On the contrary, growth of all the
isolates was favoured by Asparagine/protein containing
media like Dextrose Asparagine Phosphate Agar (DAPA) and
Kirchoff's Agar (KA) media. This showed that the isolates
of I. paradoxa required organic nitrogen—supplements in
their nutrition. It is likely that I, paradoxa is not
able to synthesis at kmsx least a few of the essential

proteins/aminoacids required by it.
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Isolates of T. paradoxa producing fluffy colonies grew

faster and produced more mycelial growth. The growth
rate of T. paradoxa {solate=-6 was rather slow and it produced

flat colonies with a lot of conidia and chlamydospores
within 24 hours after inoculation. This isolate produced a
characteristic strong fruity smell, which attracted flies
to the culture. Perhaps it may be one of the natural
phenomena by which dissemination offonidia would take

place through insects attracted to the fungus. However,
this needs further experiments and confirmation. Studies
are also required to determine whether the chemical which
produced the fruity smell is phytotoxic in nature and is

related to the virulence of the pathogen.

T, paradoxa isolate-6 which is capable of producing large
number of chlamydospores has a distinct'advantage of greater
chances of survival over others. However, this aspect also

needs further field studies.

Various saprobes namely Acremoniuin SPe, Agpergillug piger,

A. terreus, Chalaropsis sp., tiucur sp., Paccelomyees varioti,
Fenicill citrinum, Pe. diverseum, P. janthinellum,
Pestalotiopsis palmarwm, Trichoderma harzianug, L. viride,

etc. were isolated from odd lesions/neen cake amended soils
etc. Bark samples and/or soil from the neemcake ammended

palms showed a high percentage of A. niger, Penicillium sp.

and T. harzianumn,
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10. The dual culture of I. paradoxa and the test fungus
was maintained on the respective medium in which the
particular isolate o?@. paradoxg showed very good growth
in comparison to othef media tested. The study revealed
that different isolates of I. paradoxa responded differ-
tially to different fungi tested in vitro. Also different
isolates of the associated fungi interacted with a given

isolate of I. paradoxa differently.

11. Four kinds of interactions were noticed in general,
namely:? ' |
i) Commensalism where both organisms grew without
affecting each other adversely and interm%pgled freely.
eg. Acremonium sp. Chalaropsis sp. etc.

1i) Expression of mutual inhibition with a pigmented zone
in between the opposing colonies. eg. A. niger in its

initial stages of growth.

iii)Expression of mutual inhibition with a clear zone in
between the colonies eg. A. terreus, P. varioti,

_P_o lemaggm etc.

iv) Overgrowth of test fungus on I. paradoxa colony.

eg. I. hargianum and I. virjde.
12, Since Acremonium sp., Chalaropsjs sp. etc showed the

first category of interaction where both the colonies
intermingled freely without showing any antagonism,

these fungi cannot be used for biocontrol of I. paradoxa.
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Likewise fuhgi like A. terreus, E. varioti, P. palmarum etc.
whicn showed mutual inhibition with a clear zone in between
and did not overgrew on T, paradoxa, cannot be either used as

potential antagonists to T, paradoxa.

4%, Trichoderma harzianum (two isolates) and I, viride (three isolates)
overgrew on all the isolates of’z: paradoxa. This indicates a
lack of defence mechanism 1in L, paradoxa against the aggressors
in protecting itself. As such these fungi can be used as

potential biocontrol agents.

14, Likewise A. piger (one isolate) which showed mutual inhibition
in the initial stages .only and showed overgrowth over
T, paradoxa in the later stages can be used as potential

antagonist.

-

15, Fungal succession has a significant réle in the development
of the disease, survival oﬂ%he pathogen, damages to the host
etc, It was observed that in the case of all the isolates of
T, paradoxa, maximum inhibition of the fungus (36.7%to 50%).
was obtained when the test fungus (A. piger) preceded the

T, paradoxa inoculation by 12 hours.(lable=36).

16, Two isolates of T. harzianun were similarly tesied against
four isolates of T. paradoxa. Here also trend of the results
was similar that maximum inhibition (50% to 86.6%) occurred
when t@e inoculation of antagonist preceded the pathogen by
at least 12 hours (Tables 37 & 38.)e

17. Three isolateso¢ I. viride were txeaked tested ipn vitro
in ascertaining their inhibition property against I. paradoxa
isolates. Maximum growth inhibition (50% to 90%) of I. paradoxa
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isolates was observed when the I, viride isolates were
inoculated 12 hours before the pathogen  (Tables 39, 40
and 41).

whén the extent of inhibition of the above three fungi viz.
A. niger, T, hargianun and I. viride was compared, maximun
growth inhibition of I. paradoxa was caused by L. viride
(90%) followed by T, harzianum (86.6) and A. niger (50%)
in that order when they were inoculated 12 hrs. before the

inoculation of the pathogenic fungus, I. paradoxa in vitro.

The present studies provide the preliminary information with
regard to the potential of the antagonistic fungi as possible
biocontrol agents. Extensive studies in this difection are

required to enlist more candidate fungi under this head.

The results of the present in vitrgo studies are to be

confirmed by evaluation in in vivo studies under laboratory

and field ccnditions.

The results of isolation of different mycoflora from tissues/
soils from neem oil cake~ammended plots indicate the presence
of potential antagonist, in such tissues/soils. This may be

the reason why I. paradoxa could not be isolated from such

tissues/soils. <4his opens up a new vista in the control of
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stem bleeding disease in that this factors can be

profitably bte used as a tool in the biological control

programme of the disease.

o0 ® 0 ¢ O
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