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1. INTRODUCTION

Coconut (Cocos arcifera 1), aften porteayved as “the oo af BT
ivocaltivated inoomure than 92 countries giobally with v arce ol
approsimaiedy 12,78 miltion ha producing 34802 miliion nvis unnanih
s crows as o tradBiosgd plantation crop i Indie for e e o

wrss Andne by opreseaids the Jeader o the coconut cultivatiog st

arodd scing approximately ol bilbon nuts dromoan areg o 18

L

boowith o productivity of 65887 nuls per ha contetbuting bos, T Cior o s
GUP L earsing about Ry 303 crores as turetan oxchange and seveame i
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comioand o ol the oo, wog ostule (lamit Naduo ¥ e

Chowieny o o0 20020 o e i VarIous Teasets ascrihed g i v

s Teve oot s vocureoe ol the mest devastating, pr s b
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produaciivn constraint, threstening the coconut cuitvetion in ke The

maubedy las spread Tar and wide rrom the originad Toed ol imiccion and
Hus already dntlicted enormeus Jamage to cocomt cultivation ieothe cioh
southerin districts of Keralu und 15 fast spreading to othwer aistrices o
weritie dand the netghbouring distriets of Fapni Nadu and Kornsians
stages.

Very often root (wily alfected palms are predisposed (o aud
super anfected” with lewi ror disease (LRI, snother dreaded dysciee o8
coconut. sesuliing in the devitaiization ol the already weakened paln,
More than 63 por cent of the WL aftected palms are superimaposed with

PRI i the voor pwilt) endeose areas of Kerala isrimevasan, 19SS 82,

cwibry sy slow spreadimge. dotlitattag, phyvtoplasm discase v oL



rot is a slow killing, fast spreading fungal discase complex totally
disfiguring the palm which were considered as the “symbol of
prosperity”™. It has been roughly estimated that an yield loss of about 968
million nuts occur due to RWID in Kerala in addition to the loss of husk.
copra and oil (CPCRI, 1983a), Precise loss duc to LRI} alone 15 not
availuble but it is presumably estimated to be 461 million nuts annually
without accounting the loss of more than 60 per cent of the damuged
foliage (CPCRIL 19835a). In fact. LRD 1s the most important factor of
concern in the management of RWD since it is leal rot which s
responsthle for drastic foliage destruction resulting in significant vield
reduction (Koshy. 1999).

LR was reported to have been co-evolved with RWD (Butler,
1908). It s a tungal discase complex and association of more than ong
fungus had heen indicated (Menon and Nair. 1951). Diverse groups of
fungal pathogens such as Helminthosporium halodes. Colletotrichim
clocosporioides.  Gliocladivm  vermoseni and  Fusarivm  spp. were
implicated on  the cticlogical role of LRD along with scecondan
pathogens  like  Rhaizoctonia  solani.  Theilaviopsis  paradoxa  and
Curvidaria sp. (Menon and Nair, 1948; Radha and Lal. 1968: Srinivasan
ef wl.. 1998). The primary pathogenic role of these fungi in LRD
incidence need thorough investigation involving extensive isolation from
different regions, for evolving stratcgic management ol the disease.
Inspite of widc spread prevalence of LRD in RWD endemic arcas of
Kerala, cffective and sustainable management practice is still wanting.
The frequent scene of grossly disfigured crown of RWD - LRD affected
palms in scvercly infected areas is proof of this argument. Attempts (o
contain the discase eitherbyusing different fungicides org following
integrated prophylatic measures fall short of success. The incidence and
severity of LRD is spreading alarmingly in the prominent coconut
growing arcas of Kerala and urgent and drastic measures 1o contain the

discase and reduce the less is the need of the hour.



In view of the above facts a fresh insight was envisaged in the
present study to investigate on the etiology and management of LRD of
coconut in the following thrust areas -

*lsolation and identification of pathogens assoclated with LRD of
coconut in different regions during three seasons of the vear

* Purtfication,  characterization and  pathogenicity  of  the  dilferent
pathogen isolates

* Sviptomatology of LRI in naturally infected palms and on artilicial
inoculated spindle leaflet

* Screenmyp. sclection and development of potential Tungal and bacterial
antavonists effective against major pathogens of LR

* [Jioassay of Tungteides against these pathogens

* Compattbility among  different  biocontrol  agents  and  also on
compatibility of fungicides with biocontrol agents

* [ntegrated management of LRD of coconut in the ticld using sclected

fungicides and promising antagonists.
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2. REVIEW OF LITERATURE

Studies on LRD were initiated in the carly 20 centurv, almost in

parallel with investigations on root (wilt) disease (RWD).

2.1 ORIGIN, PREVALENCE AND DISTRIBUTION

The first authentic report on incidence of “leaf rot like™ disease on
the unopened spindle of coconut was made by Butler (1908) although he
did not mention any pathogen associated with it. However. the discase
was presumed to be in existence in the lormer Indian Princely states of
Travancore and Cochin as carly as in I18807s (Varghese. 195340 Mcenon,
1933; Menon and Nair. 1948.1951.1952). [t nceds to be assumed that the
descriptions of leaf rot (Mc¢ Rac. 1916; Menon and Nair, 1948) and leaf
disease (Menon, 1933) of coconut as RWD were actually carly reports of
fungal leal rot on coconut and proves the present concept that [.LRID is
part of RWI},

Although the disease was observed only in certain pockets inttially,
it was gradually spreading and was found to be widely prevalent in the
central Travancore region with Kollam and Punalur in the South and
QOachanthuruthu and Thodupuzha in the north as boundaries (Menon and
Nair, 1948). The occurrence of leal rot increased over the vears in the
root {wilt) endemic areas of southern Kerala with increase in the
intensity of root (wilt). Stray cises of LRD in young paims in RWD free
area (Kasaragoed) wuas also reported (Radha and Lal, 1968). Howcever.
incidence of LRD in places other than RWD c¢ndemic arcas was
subsequently neither reported nor confirmed. Recently heavy incidence
of RWD along with LRD was noticed in coconut plantations of different
age groups in Cumbum. Chenkottai. Coitmbatore. Pollachi  and
Kulasekaram regions of Tamil Nadu (Srinivasan and Sasikala, 2601).

Palms of all agc groups {(from scedlings to adult palms) arc infected

with LRD, but incidence was more in palms below 235 years of age



(Menon and Nair, 1948; Menon and Pandalai, 1958). LRD does not
normally occur on seedlings in the nursery, but is seen to occur within
ten months of field planting (Koshy, 1999, 2000).

No definite information is available on the influcnce of soil types
and topography on the occurrence of the disease. Many studies revealed
that voung palms with RWD were readily attacked by LRD pathogens
irrespective of soil types (Srinivasan, 1991; Srinivasan ¢/ «f.. 1998).
LRD complex has not becen reported {rom any other coconut growing

tracts of the world.

22 INTERRELATIONSHIP OF LRD AND RWD

Many of the early observations (Butler, 1908, Mc Rae. 19106;
Menon, 1935: Menon and Nair, 1948, 1951, 1952) indicated [.RD as a
part of RWD although it was not then realized. However. later findings
corroborated the simultancous occurrence of both diseases and the
predisposition of RWI) affected palms to LRD infection.

One of the carly studies by Varghese (1934) showed that leaf
discase of coconut occurred along with the root disease and gencrally
hoth the palms showed similar type of symptoms. Further evidence was
provided by Radha and Lal (1968). They also reported close refationship
between occurrence of LRD and RWD in the field as well as in
moculation trials. They indicated LRD incidence on both RWD affected
as well as on apparently healthy palms, but such palms expressed RWD
symptoms subsequently. However, evidence of such latent infection of
RWD phytoplasma in coconut palms are at present lacking. They further
observed that nearly 16 — 40 per cent of the palms in RWD affected areas
developed leaf rot and its intensity varied in different soil types. In
another study. it was scen that palms in early, middle and advanced
stages of RWD, were infected with leaf rot in 40 per cent, 79 per cent

and 98 per cent of the cases respectively {(George and Radha. 1973).



Mathai (1980) aiso corrclated incidence of LRD with RWD indicuting
the tnfluenee of RWD on LLRD.

Srintvasan (1991} reported that LRD was geancrldly conbimed oo
RWEY affected palms and on an average 65 per cent of RWD alfected
pabis were Ssuper intected” with Jeal rot pathogen.  Nriivazan and

Cunesekaran (199600 200065 provided  Purther evideno. ot thes

ERD pathogen.  Phoey couald observe severe leal rot atections oo il
inocidated seedlings, Severe naturud incidence of LREY in KW infeored
secdlings in field condinions was observed (CPORT 986y T
postulated that the predisposition ol RWD allected palmas o £RD
Suection might be duc the adready broken down defence mochamsm ot

s Jdue o pheierleoma o RW D ke ocvurrencs of Dot twesy

draciaon o e sunte naon s g wilgue example of preoopioasie e

Jincuse complex resiifiig o substunua] Srop loss NI e o

PN

2L CONOMIC IMPORTANCE AND CROP LOSS

R EE PR o

Precise crop toss sstomation due to LRD s not avallan
difticult to separate the damages caused by RWIY and TRD i Varahese.
19342 Koshy, 1999). Menon and Nair (1948) estimated he anmuni foss
due to LRD at Re.5.6 nullion. Radha er «f. (1962) estimated that the foss
i vield due to leal rot was 70 per cent when compared 1o healthy palms.
Josenh and Rawther (1991) estimated loss due to T.RI™ a~ 461 million
nuts annually in the disease endemic arcas without accounting the loss i

terms of damaged lcaves.

24 SYMPTOMATOLOGY

izarliest deseription ol symptoms ol LRI was made by Butler
(10G8). Purther deseriptions on symptomatology of discuse were made
by NMeRoe (19163, Sundararaman (19235, Varghese (1934) aud Munon

and N 119480 1931010373 i all these deserinttons the carlv syvnyon



was found to occur on the unopened spindle leal as minute water-soaked
lesion, like brown spots at the distal ends and margins of the leaflets or
intermittently scattered on the laminar area. The rotting of the affected
portion extends into the interior of the spindle resulting in extensive
deccay of the upper portions of the spindle. Subsequent workers (Radha
and Lal. 1968: Lily, 1981; Srinivasan and Gunasekaran. 1992) also
observed similar symptoms. Whitening and softening of the leallets of
spindle an early indication of RWD, also predispose the palm to [.LRD
infection (Dwiedi ¢f «f.. 1979). Lily (1981) considered the tender un-
opened spindle leaf having thinner epidermal layer and with maximum
moisture content as the ideal port for the lcaf rot pathogen. Further
decay and deterioration of the spindle is assisted by ants, carwigs,
maggots and nematodes (Varghesc, 1934; Menon and Nair, 1951: Koshy.
1999). Often the rotten lcaflets of spindle cement together. When the
leaflets of such spindle gradual.y unfurl, the rotten portions dry up. turn
black and blown off by wind and the broken portions and midvein
become blackish and shrivelled while the leaflets of the basal part of the
spindle are not infected and open normally producing the typical “fan
leat”™ like symptom (Menon and Nair. 1951; Joseph and Rawther. 1991).
Successively emerging spindles arc progressively infected by [LRD
pathogens resulting in severe foliage loss as the disease progresses
(Srinivasan and Gunasekaran, 1992). The progress of rotting slows down
as feaflets mature. The ‘fan leaf” like appearance of all leaves in the
crown indicates that all the leaves had contracted LLRD in succession and
rotting progressed to varying degrees resulting in linear disease
progression (Menon and Nair, 1951; Srinivasan, 1991). Lesions ol the
disease were also seen on petiole, midrib and midveins (CPCRI, 1996;
Srinivasan and Gunasckaran, 2000a). Study on the quantitative pattern
of the LRD symptom in different whorls of paim indicated that the inner
whorls of leaf are more wvulnerable to infection (Srinivasan and

Gunasckaran, 1992). In exceptional cases the lcaves of middle whorl of



paim become yellow {(mid-whorl yellowing symptom) and LRD lestons
appear on such leaves as dark brown lesions which further coalesce
resutting i severe. blighting of the leaf lamina (CPCRIL 19835b).

Radha or af {1961) developed a four grade scale winle Muatha
prafa uaed aosiy grade scale to guantify the discase. The mdesing
systent wis further miodified by Srintvasan and Gunaschran (199600 wond
thoy formulated o five point grading system {or satislactory compuiniion

ol diseuse seventy,

25 BETTOLOGY
251 Fungal Discase Complex

The carly report of involvement of nncroorgamiams with FRD e
by NMeRae 196 o Cochin who indicated the presence of a sabmen
coloured Seaicdiion ke funsns on infected portions NSundararamon
CEO25 o made simriar observation. Sundararamun (19295 noticed b

davsovidion ol Fasarium spo wath shoot tol ol coconut swhtle Mol

(1929 absersed Gloeosporin spoon diseased palims. Juarghese (154
also gave the andication of fungal ctiology ol feal’ rot Dewatiad

mvestications on e sttoloey of TR ded 1o the isolatton or diversw
eraandsms  such as flelminthosporivm  halodes: Glocosporivne <
Gliocladinm sp.. Pesialotia sp.. Fusarium sp.. Thicluviopsis parados
Rbizociopia vofani cte. (DA, 1938, 1940; Menon and Nair, 1948, 195§
1952y, Pathogenicity tnals with these Tungy indicated that /L Jlodes.
Glocosporivm  sp. G oravenm and Pestaloria sp. produced  vpical
symptoms assoclated with LRIY (Menon and Nair, 1948, 1931y
However, 1t was noticed that {7 halodes induced infection within 12
hours and the vest o 48 hours. Hency they considered {7 falodes as the
most viralent pathogen and the rest acted only as sccondary parasites.
Pathogenicity  was  established using siegle and mixed inocula of
Jitterent tungr. Melminthosporion sp. alone caused 84 per cont inleeiion

while 1t was 93 por cent with mixed inocuta (Menon and Nair, 1950



l.ater studies by Radha and Lal (1968), Lily (1963. 1981) and CPCRI
(1979) further confirmed the etiological role of H. halodes (Bipolaris
halodes) with LRD. However culture filtrate of H. Aulodes. applied on
tender leaves of coconut failed to induce any toxic effect (CPCRI, 1981).
Apart from the fungi recorded above. Curvularia sp. and Diplodiu sp.
were also isolated from [LRD infected coconut leaves (CPCRIL 1983h).
Sathiarajan et al. (1988) isolated H. halodes. Glocosporivm sp..
(livcladivm roseum, Fusarium sp, Diplodia sp. Pestafotia palmarim and
Thielaviopsis paradoxa from disease specimen collected from southern
districts of Kerala state and found that A haledes was pathogenic.  In
addition to H halodes, Gloeosporium sp., Gliocladivm roscunt. Fusarium
spp. and Macrophomina phaseolinag were isolated from leaf rot affected
coconut palms in Orissa (Mishre ef al., 1989}).

A detailed morphological study of H. halodes was undertaken by
Shanmughom {1963) and reported that the spores of fungus produced
secondary spores from primary spores and the coconut isolate of the
fungus was designated as f/. halodes var. nuciferae var. nov. The sporc
characteristics of Helminthosporium sp. was studied by Menon and
Pandalai (1958) who observed thatwfungal spores were uirborne and
enveloped in drops of dew/rain water.

Most of these works were mainly centered around //. halodes as
causal agent of LRD based on isolations from a few plants. The complex
nature of the diseasc warranted elaborate studies on etiology by
isolations from a large number of palms from different locations during
varying seasons. This work was taken up Srinivasan and Gunasckaran
(1993) and they isolated vartous fungi in different frequencics. Based on
specific taxonomic criteria they concluded that the fungi identified
previously as H. (Bipolaris)y halodes, Gloeosporium sp. and G. roscum
were actually Exserohilum rostratum (Drechsler) Leonard and Suggs..
Colletotrichum glocosporioides (Penzig and Sacc.) and Gliocladium

vermoeseni (Blourge) Thom. respectively and attributed leaf rot as a



fungal disease complex. Detailed pathogenicity studies of these fungi
further proved their etiological nature in LRD incidence (Srinivasan and
Gunasekaran, 1994a, 1996a).

The fungi associated with LRD (14 different spccies) were
grouped into three categortes viz., group A, B and C based on the
frequency pattern, and relative association with the discase (CPCRIL
1994). In addition to this association, documentation, characterization
and pathogenicity of Thiclaviopsis paradoxa (Dade) C. Moreau. R solani
Kuhn.. Mortierella elongata Linnem. Curvularia sp.. Acremonivm sp..
Thiclavia microspora Mouch., T. terricola (3. Gilman and 2. V. Abbott.)
Emmons., Chaetomivm brasiliense Batista and Pont. (Srinivasan and
Gunasekaran.  1994b,  Srinivasan e¢r  af.. 1995):; Cviindrocladiuvm
scoparivm (Srinivasan and Gunasekaran, 1995a). Fusarium ~solani and
£ omoniliformae var. intermedium (Srintvasan and Gunasckaran, 1996a)
were also recorded. Subsequent studics by Srinivasan et al. (1995)
showed [requent association of . glocosporivides. . rostratun,
(. weymovseni. F.solani, F. moniliforme var. intermedium. 1. puradoxa
and Pestalotiopsis palmarum with the disease. They also obscrved
profuse mycelial growth and spore masses in between infected leafiets.
The in vitro associative interaction of predominant fungi with LRD was
studied by Srinivasan and Gunasekaran (1995b) and thcy opined that the
behaviour of the predominant fungi of LRD was more of associative
naturc rather than antagonistic, having etiological significance for a
disease complex. Fusarium spp. had competitive interactioﬁ over certain
less frequent fungi. Repeated isolations and pathogenicity trials
(Srinivasan and Gunasekaran, 1996c¢.d, 2000a) proved that (.
gloeosporioides is the principal pathogen of LRD. The etiological role
of F. solani and F. moniliformae associated with LRD was further
proved by their frequent isolations from LRD infected coconut palms

(Stinivasan and Gunasekaran, 1999).
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E. rostrafum inoculated leaves took up infection faster while
G. vermoeseni could induce infection only when inoculated with injury.
Mixed inoculum of the spores of E. rostratum, C. glocosporioides and
G. vermoeseni gave higher incidence compared to independent
inoculation with these fungi (Srinivasan and Gunasekaran, 1994a).
Bchaviour of these fungi was evaluated in potted scedlings and field
palms to elucidate their relative role in disease incidence and expression
(Sinivasan and Gunasckaran, 1996a). Among them C. gloeosporioides
and £ rostrarum were aggressive and produced intense lesions on RWID
palms. LRD symptoms were reproduced in field planted coconut
scedlings having mild symptoms of RWD by artificial inoculation with
. gloeosporioides and E. rostratum individually and in combination
(CPCRIL 1996).  However, in healthy scedlings (free from RWD in pots
and field planted palm} these fungi produced only restricied spots
{Srinivasan and Gunasckaran. 1996a).

Menon and Nair (1931) studied growth requirement of the fungi
associated with the disease. H. halodes grew best in oat meal agar and
Gloeosporium sp. in Brown's agar. Optimum growth of both fungi was
obtained around neutral pH while high acidity and alkalinity had a

delcterious effect.

2.5.2 Other Associated Factors of LRD

Individual and collective role played by other invaders and colonizers
of leaf rot affected spindle leaf such as mealy bugs, mites, nematodes cte. in
aggrevating /synergising and disseminating the LRD was emphasized by
Nadakkal (1965). The high proneness of LRD affected palms to red palm
weevil attack was indicated by Koshy (1999). According to him ncmatodes
Aphelenchoides ligarhiensis, Panagrolaimius rigidus and Rhabditis sp. are

assoclated with rotting of spindles,



12

2.6 EPIDEMIOLOGY

Incidence, severity. pathogens composition and sprcad of LRI is
directly related with scason and prevailing weather conditions. l.eaf rot
infection was found 10 be more severe during the seasons when
atmospheric humidity was at its maximum (Menon and Nair. 1951).
They also observed highest number of spores in atmosphere during south
west monsoon {(Junc-August). Similar observation was made by Radha
et al. (1961) and they correlated periods of high humidity (above 98 %)
and low temperature (below 27°C) prevailed during monsoon period with
discase. Subsequent studies by Radha and Lal (1968) also confirmed this
finding. Any atmospheric condition, which provided frce water or
wetness to leaf surface. such as rainfall or dew during the dryv months
and compactness of the foliage, also favoured fungal infections (CCRS.
1962: 1965). Dwiedi er uf. (1979) observed that the frequency of [LRD
rotting/necrosis in spindles of RWD atfected palms were at the same
level during rainy and summer scasons, but severity was visually greater
in rainy season. Results of study conducted by Mathai (1980} indicated
that leaf rot disease intensity was maximum during September-QOctober
(north-cast monsoon period) and minimum in April-June period.

[solation studies conducted by Srinivasan and Gunasekaran
(1996¢c) showed that tfungal recovery from infected pieces was in the
range of 42-50 per cent in August and 60-70 per cent in December
among the different grades of spindle infection. The influence of
weather variables in population dynamics of core pathogens were
recorded by sequential monthly isolations from the spindles of diseased
palms (Srinivasan and Gunasekaran, 1996d). They observed that the
incidence of €. gloeosporioides was higher in frequency and population
during monsoon with pecak in June/July. C. glocosporioides was
implicated as the principal pathogen of LRD during monsoon. Incidence

and population of £. rostratum was less strongly correlated with weather.
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while Fusarium spp. were most commonly ohserved during the dry

seasons of January-May.

DT DISEASE MANAGEMENT
.71 fn ovitro Study

Menon and Nair t1931) tested copper sulphate. mercuric ehlorde
and ohenal against the lead rot fungi. Mercurie chloride and phenol were
Found o be dethal at various concentrations tested. Prasusnukumar of o

(1960 oblained compicte inhibition of mycelial crowth ot £/ ligiodes by
D Bordeaux mixture. 0.3 %% Fungimar copper and 0.3 % Kirtl copper,
Nuthiwrajan er of 0 {1988) tound that Folwt, Mancb. Panciii. Captat
Ihinosan and Kitazin were effective n preventing the growth ol feal rog
authogen (8. halodesy under i virro condition. fa vitre assay of fvw
contact Tunglordes (Indotth M-430 bytolan, Ceptan and Thiraa and
susteniie chemcals (Contais Calixin and Aureofungmi-Sofd  aunins
o wlocasparioides L0 rostratum G verstoeseni. R sofond,
Fomonidiformae and U paradoxa by poisoned food techmique reveuled
that contal {Hexaconazote) compietely inhibied the growth of pathouens
winde Tndonit M43 completely  mahibited £ rosiraron ar different
concentrations used. O glocosporiotdes growth was inhibited oniv up to
S8 par cent at the 0.5 per cent of Indolil M-45. I'vtolan alse caused 100
per cent suppression of growth of O gloeosparivides (Srinivasun and

Gunasekaran, 1998).

2.7.2 Field Study
2.7.2.1 Phytosanitation

In one of the earliest lield management swudies, Varghese (1934
reported cutting down ot the innermost infected spear and one or more of
the surroundime  infected ieaves and protecting the cut ends with
Bordeaux paste or coal tar 2nd burning infecied mater al as nicthod of

management  of  LRD. Similar management  practice  was also
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recommended by Radha (1984). Koshy (1999, 2000) also recommendced
culting and removal of rotten portions of the spindle wnd the adjacent

two fully opened leaves for LRD management.

2.7.2.2 Chepical Controf

IJa-'!lcr(!‘)SS) indicated the effectiveness ot Bordeaux mixure for
shoot ra.:r".rn:umm! in coconuet. Menon and Nair (1931 ftound that twao
copper oxvehloride fungicides “Bar cop’ and “Oxi-cop™ al concentration
ol 0.2 per cent were as etfective ds one per cent Bordeaax mixture 1
ameliorating LRD in the telds. The efficacy of Bordeaws mixture was
further confirmed by Menon and Naie (1952). Based on the studies
Vadavar  and  Malankara cstate Gregory (19603 novced  that acriyd
spraving of oil based copper fungiades was uselul 1o ortroliing TR,
Flowever, accerding 1o Samira] o af  (1966) the aerral sprcing of ot
baxed copper fungicides wis not effective o protecting the spindle feat
of coconur aparnst LRD. Preld trial gt Kayvamkulam (CORS. 1vody
indicated that Bordeaux mixture reduced the intensity o deat vat by
T4 per cent followed by Kirti copper by 630 per ceat and ylolan by
3.6 per cent. Subsequent studies (CORS. 19703 at the 4490 acres of
covonut garden at Vypeen island using Olecop and Fycol 8§ with Orehea
964 oil suspenston showed the effectiveness of acrial spray.

Spraving of Bordeaux mixture {1 %), Dithane M-45 (0.2 %) and
Cuman (0.4 %) with or without manuring in alluvial, Jeterite and sandy
toam sotls did not show much variation on the effect of these Tungicides
{CPCRIL 1972). Spraving Bavistin (0.1 %). Bordeaux mixture (1 %),
Difodatan (0.3 %. 0.3 %). Fytelan (0.3 %) and Kitazin (0.3 %) alse did
not provide good control in a trial involving spraving three tintes o vear
for three consecutive vears (CPCRE, 1982}, Prophylatic basal applicution
ol svstemic Tungicides (Acudione, Bavistin, Benlate) at the rate of
4 esheatthy palm twice a vear also fatled to prevent the incidence ot leaf

col (CPCRIT, 1983). Mathai ¢ «f (1984) could not obtain any sigailicant
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reduction in number of leaves infected by LRD pathogens in a trial
involving fungicide {(Benlate), bactericide (Agrimycin-100). nematicide
(Nasanity and different plant nutrients (N, P K, Ca, Mg and Zn).
Fowever Radha (1984) recorded that removal and burning of infected
parts of leaves along with application ot one per cent Bordeaux mixtuie
or (L3 %) copper oxyehloride controlled and prevented the spread of
LRD. Sequential spraying of Bordeaux mixtuare {F %), Uytolan (0.5 “a)
and Dithane M-45 (0.3 %) tour thmes a year on teal ror aftected palms
carmiers warden controlled the Jdiscase very effectively (CPORL 1983 b)
Kitazin 1 %% spray was almost as effective as Bordeaus mixture (4 "5 in
lead "ot control (Sathiarajan er oi., 1988,

Result of the feld fungrendal el by difteren: moethods of
dpplication such as pourmg into ical axil [ around the spindic. spraving
o the crown and root feeding on the LRD pabm fnvobving contudi
chidoftt M43 Forolan) and systemic (Calixind fungictdes coaducied by
Srinccasan wnd Guaasckaran (19%96by revealed the usetulness of spraving
ar TadolTl-M-d5 and pourning of calisin into leat axab o spindic since the
Jisease intensity was reduced in onewly omerged leaves. Combiped
application of cither Contat 2 mi or Indofil M-43 3:'palm wiih
msectelde phorate 10 G at 29 g/palm was found effective in contralling
leat rot {Koshy, 1999, 2000; Koshy er af., 2001).  Eftcctiveness of
muncozeb against {eaf rot was reported by Koshy er af. (20602},

George and Samraj (1966) reported that coconut palm affected by
leat rot responded lavourably to toliar application of horon but 1t was
contradicted by Sathiara) e¢f «f. (1988} stating that application ol buron
was pot etfective in preventing the incidence of leaf rot or in reducing

the mtensity o the disease 1n atfected paim.

-

2.7.2.3 Disease Resistance
Butler (1908} emphasized the need for evolving resistant

agarst the “coconut palm disease  of  iravancore’.  Accos
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Radha (1961) and CCRS (1962) Andaman Ordinary and New Guinca
were comparatively resistant to LRD. Natural incidence of LRD was
found to be low in Chowghat Green Dwarf (CCRS, 1965, 1971). Mathai
er al. (1991) found that among nine hybrids tested the lowest incidence
ol disease was in West Coast Tall (WCT) x Laccadive Dwarf and WCT x
Nvior Gading. Mathai er al. (1985) observed lower levels of incidence
of RWD and 1.RD in Andaman ordinary, SSG and Cochin China

varieties.

2.7.2.4 Biog-control

Attempts to manage [L.RD using antagonistic microorganisms was
initiated as carly as in 1932 but much headway was not obtained under
field condition. Lily er «f. (1952) isolated a bacterium (Bucillus
anthracis) having inhibitory cifect on leaf rot pathogen 71 halodes.
Later. it was found that the culture filtrate of B. swhtiliy inhibited the
arowth of R bhututicola. R ~olani. Botryodiplodia theobromae and
I halodes (Lily et al.. 1955}, Antagonistic interaction study of
Pseudomonas  fluorescens with principal pathogens of LRI viz.
C. gloeosporicides. E. rostratum, Gliocladium vermoeseni, F. solani,
Thielaviopsis paradoxa and K. solani clearly demonstrated the inhibitory
cffect of bacterium on growth of all these pathogens (CPCRI, 1998). In
another study 1t was found that P. fluorescens isolated from rhizosphere
of coconut palms inhibited the mycelial growth of both
C. gloeosporioides and E. rostratum under in-vitro condition (Gupta es
al.. 2000).

Although studies on the antagonistic effect of various fungal
bilocontrol agents on LRD pathogens are at present lacking. Trichoderma
spp. were tested against leaf blight pathogen Pestalotiopsis palmarum of
coconut (Karthikevan er «f., 2002). The antagonist was found to bc

inhibitory to the leaf blight pathogen and they recommended spraying of
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spore suspension of native isolates of T. harzianum along with adhesive

material for disease control.

2.8 COMPATIBILITY OF ANTAGONISTIC MICROORGANISMS
WITIH 'UNGICIDES

Compatibility of antagonistic microorganisms with commonly
used pesticides is a pre-requisite for intcgration of biological control
methods with chemical control in any integrated disease management
strategy.

Henis ¢/ «f. (1978) reported that PCNB at 4 pg/g soil added with
7. harzianum had an additive effect on control of damping off of radish
and synergistic cffect on the decrcase in inoculum density of R. soluni
propagules. Biotypes of 7. harzianum tolerant to Captan. Captafol.
Chlorothalonil. Iprodione and BAS 352 were developed by cxposing
conidia to increasing concentracions of the fungicides and these biotypes
possessed an increased ability for biological control of white rot ol onion
(Papavizas. 1980). Indv and Mukopadhyay (1990) reported that there was
no inhibition on radial growth of 7. harzianum by metalaxyl at
concentration as high as 50 ppm and in field trials 7. harzianum and
metalaxyl were less ¢ffective individually but when used in combination
they had an additive ctfect providing 84 — 100 per cent disease control.

Somasekhara et al. (2000) reported that Captan had no inhibitory
action on certain strains of Trichoderma spp. .. Sihtuang es «f. (2000)
reported that the population of 7. harzianum were higher in triademefon
treated plots. Nallathambi et al. (2001) tested the sensitivity of 7. viride
isolates against Bavistin, thiophanate methyl, Captan and Ridomil and

found that some 1solates showed resistance and some showed tolerance.

2.8.1 Compatibility of Biocontrol Agents
In recent years successful attempts are being made to deliver a
consortium of compatible biocontrol agents with different modes of

action to get satisfactory biocontrol of plant pathogens. Hubbard ¢/ «f.
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(1983) and Bin er «l. (1991) identified strains of {luorescent
pseudomonads which reduced the growth of Trichoderma sp. under in
vitro conditions.  But Duffy et al. (1996) reported that strains of
fluorescent pseudomonads and Trichoderma sp. were compatible as their
co inoculation was significantly more suppressive to take all disease of
wheat.  Varsnev ef al. (2000) reported that combined imoculation of
fluorescent psecudomonades and 7. harzianum resulted in growih
inhibition of latter by the former. A combination of Paecilomyces
lilacinus. T viride and P. fluorescens as seed treatment resulied 1n less
root rot incidence n Figna mungo (Latha et al.. 2000). Sced trcatment
with talc based formulation of 7. viride and P. fluorescens cllicctively
reduced the pre and post cmergence damping off ol chillics

(Manoranjitham and Prakasham, 2000).
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3.MATERIALS AND METHODS

All the laboratory studics connected with the thesis project were
conducted in the Department of Plant Pathology. College of Agriculture,
Vcilayani while field trial was conducted at Regional Agricultural
Research Station. Kumarakom, a severe root (wilt) (RWD) — teal rot

([.RD) endemic area in Kerala.

3.1 ISOLATION OF PATHOGENS ASSOCIATED WITH LEAF ROT
OF COCONUT

Discase specimen of lcaflets of unopened spindle leaves of
coconut palm were collected from different areas in Thiruvananthapuram
(Kazhakoottam  and  Kudappanakunnu}, Kollam (Kottarakkara,
Kilimanoor and Kollam), Alappuzha (Moncompu, Aroor and
Kayamkulam) Kottayam (Kidangoor. Kumarakom and Changanacherry)
and Pathanamthitta (Konni and Pathanamthitta) districts during three
seasons viz.. June — July, November — December and March - April. The
microorganisms associated with leaf rot were isolated from the infected

portions of leaves by the routine isolation method.

The infected portions of newly developed lesions were cut into
small bits and washed in distilled water. The pieccs were then surface
sterilized in 0.1 per cent mercuric chloride solution for one minute and
washed 1n sterilized distilled water by three consecutive serial transfers
of the specimen in three petridishes. The pieces were piated on Potato
Dextrose Agar (PDA) medium (4 pieces/piate) and incubated at room
temperature. When the fungal growth was visible, mycelial bits were

transferred to PDA slants and labelled.
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3.2 PURIFICATION
All the fungal pathogens obtained from LRD infected lesions of
coconut were purified by single spore techniques and pure cultures werc

maintained on PDA slants for further studies.

3.3 STUDY ON THE PATHOGENICITY OF ISOLATED ORGANISMS
Detached healthy leaflets of unopened spindle leal of coconut
were used as host for the study. The Jeaflets were kept in conical [lasks
containing sterile distilled water with the upper portion of the lcaflets
projecting outside the conical flask. Inoculation with the organisms was
performed by placing the mycelial bit from seven days old culture of the
pathogen on the inner surlace of leaflet with injury by pinprick and
without injury. The culture bits on the leaflets were coverced with moist
cotton wool and the whole lcaflet was kept covered by a polvthene tube
moistened with water and incubated at room temperature. Leatlets with
plain agar disc and moist cotton placed on the inner surface with and
without Injury served as control. Devclopment of symptoms and spread
of lesions were recorded daily. The pathogens were re-isolated from the

lesions developed by artificial inoculation.

3.4 SYMPTOMATOLOGY OF THE DISEASE

Detatled studies were made on the symptomatology of leal rot
discase of coconut by observing the sequence and development of
symptom expression of naturally infected plants in the field and also by

artificial inoculation.

3.5 VIRULENCE OF DIFFERENT ISOLATES OF THE PATHOGEN
Dctached leaflets of unopened spindle of healthy coconut palm
were used for the study. The pathogens wviz., Colletotrichum
gloeosporioides (8 isolates), Fusarium sp (12 isolates) and Scyrtalidium
sp. (2 isolates) were grown oni PDA for seven days by incubating at room

temperature. The leaflets were inoculated with different isolates of the



24

pathogens using agar discs from seven day old cultures as described in
para (3.3).

Obsecrvations on the size colour and time taken for development
and spread ot lesions were recorded regularly. Based on the size of
lesion and time taken for the symptom cxpression the isolates were

classified as highly virulent, virulent and mildly virulent.

3.6 CHARACTERIZATION OF PATHOGENS

The morphology and cultural characteristics of different pathogens
isolated from leaf rot infected portions of coconut leaves were studied by
growing them on appropriate media as detailed below (Appendix-1).
a. Fusarivm sp.: Potato sucrose Agar medium
b. Colletotrichum glocosporioides : Czapeck’s medium
c. Other pathogens : PDA

Four to ten day old cultures were used for the study. Colony

characters such as growth rate, type of growth and colour were recorded.

3.6.1 Slide Culture

The morphological characteristics of all the pathogens were
studied by growing them in slide cultures as described by Riddel (1950).
Sterile plain agar medium was poured in previously sterilized petridishes
and after solidification, blocks of 6 mm square agar discs were cul out
using a sterile needle. One square disc was placed at the centre of a
sterile slide and cach of the four sides of the agar block was inoculated
with mycelial bits of the respective pathogens taken from seven-day old
cultures on respective medium. A cover slip was placed on the top of the
inoculated agar disc and the slides were placed in moist petridish
chambers (petridish with wet filter paper in the bottom on which two
glass rods kept as support tor the slides) and were incubated at room
temperature tor two days. The coversiip was then lifted off gently and
mounted on another slide using lactophenol stain. The square of avar

was removed trom the culture stide and another mount was prepared on it
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without disturbing the fungal growth on the slide. The slides were then
examined under low and medivm power objectives of ordinary compound
microscope and measurement: of conidia were taken using ocular

micrometer.

3.7 IN VITRO INTERACTION OF PATHOGENS ASSOCIATED WITH
LLEAF ROT

The in vitro interactions between various fungi isolated from [LR}
lesions were determined to cstimate their synergistic/ antagonistic/ no
effect among themselves.

One weck old cultures of . glocosporioides, Exserohilum
rostratum.  Gliocladium  roscum.  Fusarium  sp, Scyialidium  sp.
Cephulosporium sacchari and Curvuilaria sp. grown on PDA mediunm
were used as test pathogens for the study. Dual combinations of all the
above drganisms were tested in petridishes containing solidified PDA
medium by placing agar disc (3 mm} of one of the test fungus on one
side and the other at the opposite side of each petriplate. Slow growing
organisms were inoculated one/two days prior to prevent overgrowth by
the fast growing fungus. lhree replications were maintained for cach
combination. Plates inoculated with only one fungus served as check.
The inoculated plales were incubated at room temperature and the
interactions of both the fungi were studied daily by measuring the

growth, extent of inhibition and extent of overgrowth.

3.8. EFFECT OF COMBINED INOCULATION OF LRD PATHOGLENS
ON DETACHED SPINDLE LEAF LETS

Detached leaf lets of unopened spindle leaf of coconut were used

for the study. Altogether 21 combinations of seven fungi were tested.

The inoculation technique followed was similar to 3.3. For each

combinations three replications were maintained.
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3.9 IN VITRO SCREENING OF ANTAGONISTIC MICROORGANISMS
AGAINST MAJOR PATHOGENS OF LRD
The interaction of potential fungal and bacterial antagonistic
microorganisms available in the Department of Plant Pathology and
clsewhere with the major pathogens ol LRD wviz., (. glocosporiaides,
I rostratum and Fusarium sp. were tested in vitro to determine their

relative antagonistic potential against these pathogens.

3.9.1 Trichoderma sp.

Six Trichoderma cultures developed as biocontrol agents in the
Department of Plant Pathology and one from Regional Agricultural
Research Station. Kumarakom were tested by dual culture technique
(Skidmore and Dickinson, 1976). Agar disc of 5 mm diamcter cut from
seven day old culture of the antagonist and the pathogen were placed on
twa  opposite sides of pertriplates containing sterilized PDA  and
incubated at room iemperature.  Three replications were maintained for
the experiment. The paired cultures were cxamined at regular intervals
and the radial growth of the pathogen was recorded. Petriplales
inoculated with pathogen alone served as control.

The per cent inhibition of mycelial growth was calculated using
the formula.

160 (C - T)

= C

Where [ — Inhibition of mycelial growth, C - Growth of the
pathogen in control plates (¢m) and T - Growth of pathogen in dual

cultures {(cm) (Vincent, 1927)

3.9.2 Pseudomonas fluorescens

[solates of P. jluorescens developed and maintained in the
Department of Plant pathology were used for the present study.
Altogether 29 isolates were tested to estimate their antagonistic potential

against major pathogens of LRD. Kings Mcdium B (KMB) and PDA
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were used for the test.  After solidifying the mcedia for onc hour in
steritized petri dishes, culture bits of 5 mm size of the pathogen was
placed at the centre of cach dish. The respective bacterial isolate was
then streaked 2 ¢m away trom pathogen at the centre in a triangular
fashion. [Each treatment was replicated five times. Radial growth of
pathogens was rccorded daily. Plates without the bacterial antagonist
served as check.

The per cent inhibition of mycelial growth was calculated using

the formula as described in para 3.9.1.

3.10 SCREENING OF ANTAGONISTS BY LEAFLET BIT ASSAY
Three selected cultures of Psewdomonas fluorescens (Psy, Psy. Pay)
and Trichoderma sp. (To. Te. Ty2), which showed maximum inhibitory
effect on pathogen growth in vitro were further tested by the leaflet bit
assay. Unopened spindle leaflet pieces of approximately 18 cm length
were cut from healthy coconut leaves and placed in sterile petriplates (20
cm dia.} lined inside with moist filter paper. The leaflet pieces were
initially sprayed with bacterial/spore suspensions of antagonists (4 x 10°
and 9 x 10° cfu respectively for P fluorescens and Trichoderma sp.).
The leaflet pieces were then inoculated with culture discs of respective
pathogens by placing it inside the leaflets with pinprick. Observations

were taken on the time taken for symptom development and its spread.

3.11 INTERACTION BETWEEN SELECTED CULTURES OF

P. fluorescens AND Trichoderma SP.

The level of interaction between the most antagonistic Fluorescent
pseudomonad (PSHy and Trichoderma sp. (Ty) was estimaled to determine
their compatibility for combined delivery in the integrated management
of LRD in the field.

The test was performed in sterile petriplates containing PDA
medium and specitic medium for the bacterial antagonists (KMB). Agar

disc (5mm) aseptically cut from five day old culture of selected
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Trichoderma sp. (T¢) was seeded at one side en the petridish. A
sterilized filter paper disc (Smm) impregnated with the selected
P. fluorescens (PS1) culture suspension (4 x 10% cfu mI'!) was placed at
the opposite side of the plate (Varshney ¢f af., 2000). Petridishes were
incubated at room temperature. Petriplates containing Trichoderma sp.
on one side and filter paper disc impregnated with sterile water on the
other side served as check. Five replications were maintained. Radial
growth of Trichoderma sp. was cstimated. Percent inhibition of growth
of Trichoderma sp. by P. fluorescens was determined as described in

para 3.9.1.

3.12 BIOASSAY OF COMMONLY USED FUNGICIDES AGAINST
MAJOR PATHOGENS OF [LRD
The commonly used fungicides were evaluated in vitro against the

major pathogens of LRD.

lFungicides Concentrations (ppm)
Mancozeb 530, 100, 200
Copper oxychloride 50, 100, 200
Carbendazim 25
Propiconazole 25,50, 100

Hexaconazole 253,50, 100

The test was performed following the poisoncd food technique
(Zentmeyer, 19583). The required quantity of fungicides for 100 ml
medium was added into 50 ml sterile water in a conical flask and mixed
thoroughly. This tungicidal suspension was poured into another conical
flask containing 30 ml of double strength melted PDA and mixed
thoroughly. The medium was poured cqually in Tive sterile petridishes.
Atter solidification of medium each plate was inoculated with 5 mm agar
disc containing seven day old culture of the respective pathogens viz.,

C. glocosporioides, F. solani, E. rostrarum by placing it at the centre of
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the dish. Plates containing non-poisoned media served as check, Five
replications were maintained for cach concentration of the chemical.
The petridishes were incubated at room temperature and fungal colony
diameter was measured daily until fungal growth was complete in the
control plates.

The per cent inhibition of mycelial growth was calculated using

the fermula explained in para 3.9.1.

3.13 COMPATIBILITY OF FUNGICIDES WITH ANTAGONISTIC
MICROORGANISMS
The experiment was conducted to test the compatibility of sclected
fungicides and biocontrol agents that are to be used for the [icld study on
the integrated management ot Ieat rot. The culture of Trichoderma (Ty)
and P. fluorcscens (PS)) which showed maximum biocontrol potential
against the major pathogens of leaf rot in vitro were selected for the
compatibility test.
The fungicides and their respective concentrations used for the
trial are as foliows
Fungicide Concentrations (ppm)
hexaconzole 50
100
200
mancozch 140
200
300
400

3.13.1 Compatibility of Trichoderma sp. with Fungicides
The experiment was conducted by the poisoned food technique as
described above (3.12). Obscrvations on the radial growth and per cent

inhibition of Trichoderma sp. were recorded.
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3.13.2 Compatibility of Pseudomonas fluorescens with Fungicides

The poisoned specific mediovm {KMB medium) was prepared as
detailed in para (3.12).

A Toopfull of 24 h old P. fluorescens culture was taken using a
sterilized inoculation needle and made a single straight line streak on the
medium. The experiment was replicated five times and plates without
any fungicides served as control.  The growth of the antagonist was

assessed after two days.

3.14 INTEGRATED MANAGEMENT OF LEAF ROT DISEASE IN THE
FIELD
3.14.1 Mass culturing of selected antagonists for field application
The seclected antagonists viz., P fluorescens (PS)) and
Trichoderma sp. isolate (Tg) were mass produced as detailed below for

the field experiment.

3.14.1.1 Preparation of Talc Based Formulation of Bacterial Antagonist

The P. fluorescens culture (1'S;) was formulated as talc based
formulation (Vidhyasckaran and Muthamilan, 1993).

The culture (PS)) was grown in KMB broth in conical flasks and
incubated at room temperature. The bacterial population was estimated
(4 x 10 efu ml™") after 48 hours of inoculation.

The ingredients of the tale based formulation are 100 g of talc. 4 ¢
of calcium carbonate and 1 g of carboxymethyl cellulose (CMC) were
mixed thoroughly and kept i polypropylene bags. The bags were then
scaled and autoclaved at 1.5 kg cm™ for one hour on two successive
days.  After sterilization, 40 mi of 2 days old broth culture of the
bacterium was mixed with the carrier in each polypropylene bag under
aseptic conditions.  This formulation was uscd for mass delivery of the

antagonist in the field,
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3.14.1.2 Mass Multiplication of Fungal Antagonist

The sclected antagonistic fungus {(Trichoderma sp.. Ty) was mass
multiplied in sand-oats medium by mixing washed (inc sand with oats meal
in the proportion of 9:1. The mixture was moistened with water sufficient
enough to promote fungal growth. It was then sterilized in one litre conical
flasks at 1.02 kg ¢cm™ for one hour. Actively growing culture discs of the
antagenistic fungus was aseptically introduced into the flasks and incubated
at room temperature tor two weeks to develop fungal growth.

For the ficld application it was further mass cuttured in powdered
and sterilized cowdung-neem cake muxture (9:1) by mixing 50 g ol the
sand-oats medium containing the fungal culture per kilogram of cowdung-
neem cake mixture. This mixture was sprinkled with water and mixed
thoroughly for optimum moisture requirement, covered with polythene
sheet and incubated under moist warm conditions for one week. When
greenish mould growth had sufficiently covered the medium. it was raked.
sprinkled more water. again covered with polythene sheet and incubated to
promote further fungal growth., After 12-15 days growth the mixture was

ready for field application (Joseph, 1997},

3.14.2 Integrated Management of Leaf Rot Disease in the Field

A field experiment was conducted at Regional Agricultural
Researeh Station. Kumarakom to evolve an integrated management
practice by incorporating different management practices such as
fungicides and biocontrol agents
Details of the experiment are as {ollows:

Design — Randomized Block Design (RBD)

Replication — Five
Treatment combinations

Ty — Absolute control without any treatment and phytosanitation

Ty — Spraying and pouring of mancozeb (0.4%)

T> — Spraying and pouring of hexaconazole (0.2%)
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T; — Spraying and pouring bacterial suspension of talc based
P. fluorescens (2%)

Ty - Placing neem based Trichoderma culture @ 30 g/leaf axil

Ts~ Mancozeb + P fluorescens

Te = Mancozeb + Trichouerma.

T; — Hexaconazole + P. fluorescens

Ty — Hexaconazole - Trichoderma

Ty = P. fluorescens + Trichoderma

Tiyp- Control with phytosanitation

Formulations of P. fluroescens and Trichoderma were prepared as
detailed in section 3.14.1.1 and 3.14.1.2.

Approximately 10-13 vear old, unitormly leaf rot affected coconut
palms were setected for the experimernt.

Phytosanitation was given to all the selected palms (except
absolute control) by removing the severely leaf rot affected portions of
spindle leaf and one or few inner most leaves. The palms were
maintained as per the package of practice recommendations for coconut
(KAU. 1996) by giving timely application of manures and fertilizers and
adopting plant protection measures.

Pr¢ treatment observations were taken during the month of
October for all the leaves in the crown by assigning appropriate grade to
each leaf based on disease severity. A disease indexing method based on
five point grading system was adopted to quantity and assess the severity

of disease (Srinivasan and Gunasekaran, 1996b).

Grade Leaf area affected
0 No infection
I Upto 25%
2 25 to 30%
3 50 1o 73%
4 Above 75%

(for each leaf in the ¢crown)
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The discase index was calculated using the formula

Total numerical rating o
Dy = : - e N 140
I'otal number of leaves x Maximum discase grade

The first ser of treatments were given soon atler phyviosanitation
and pre-treatment vbservation was recorded during the monih of Ociobor,
Friviioderma culture application was given only Giter 2 owochs ob
tangseidal appbieation in combination treatments. Diest costrroaimaent
cahservation on disease seventy was tuken during January ang cocond ses
of reatments were then given. Phe sccond sct of posi et

ohservations were waken during the month of Mav follaswed b the dhird

spraving.  The third and (nal observation on disease severiion vwos iaken
Juring August Porocent reduction i disgcase. severity in ool reatnion
woth that sof corresponding  pro treatment and  discuse il were
St u.\l l‘ - .l|= _||~,. C oy L Ry 1‘ RS | Iys o, e
warditldied dor ali Hhines post-troatmen! discase aduex. e g RN

sumidiny and raminitowt Regronal  Agericuliural Rescoocl Siainen

Rumuarakom were recorded during  the entice duration o he foid

Lhl

waneiient,

AL STATISTICAL ANALYSIS

T'he data obtained from the studies conducted under faboratorn and
feld conditions were statistically analysed by applying the wohnigue of
analyvsis  of  wvariance  appropriate for the design  aticr  suitable

transtormations.
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4.RESULTS

4.1 ISOLATION OF PATHOGENS ASSOCIATED WITH LEAF ROT
OF COCONUT
The pathogens associated with leaf rot of coconut in different

regions of southern Kerala were isolated during three seasons.

4.1.1 Kottayam District

The details of microorganisms isolated from infected unopened
spindle of coconut from different tracts of Kottayam district are
presented in Table 1. During the rainy scason (June-July., 2001) the
infected  specimen  from  Kidangoor and Kumarakem bharboured
Colletotrichum gloeosporioides and Fusarium sp. while Scyralidium sp.
was  prevalent in specimen collected from Changanachery. A same
spectrum of pathogens were also observed from specimen collected from
Kidangoor and Kumarakom during post monsoon season (November-
December. 2001). [n addition, Exserohilum rostratum and Gliocladium
roseunr  were  also found associated on specimen collected from
Kumarakom.

During the summer season (March-April, 2002) the predominant
pathogen was Fusarium sp. in most of the sampies collected from
Kidangoor. Changanachery and Kumarakom. Presence of Scytalidium
sp. was noted on specimen from Changanachery during summer also.
One sample from Kumarakom showed the presence of £ rostratum,
gloeosporioides and G. roseum while in another sample, Curvularia sp

was predominant,

4.1.2 Alappuzha District
The data on the pathogenic spectrum of leaf rot affected sample

from Alappuzha district are presented in Table 2.



Table 1. Fungal pathogens found associated with feal rot of coconut during dilferent seasons in Kottavam district

Fusarivm sp.

Fusarium sp.

Gliccladium roseum

Iorostratum

{oraseum

SI. | Pathogens isolated
Location L ; _ ; - S
No. ‘ JTune - July [ November- December March - April
Collerotrichum glocosporioides . glocosporioides
l. Kidangoor ) C. gloeosporiaides
Fusarium sp. Fusarium sp.
I
| Seyvialidium sp.
2. Changanachcerry Scviatidium sp.
Fusarium sp.
_ Curvularia sp.
C. gloeosporioides
' Fusarium sp.
C. gloeosporioides Exserohilum rostratum _ _
3. Kumarakom C. glocosporioides

zz
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(. glocosporioides and Fusarium sp. were simultaneously present
on infected portions in samples collected from Kayamkulam and Aroor
during June-July scason while Scytalidium sp. was mainly isolated from
Moncompu sample during the season. Fusgrium spp. was the common
pathogen recorded on samples collected from Kayamkulam and Aroor
during November-December months,  The sample from Moncompu
continuously indicated the presence of Scwalidium sp. during this
season.  During  the  summer months  also  Fusarium  sp.  and
(. glocosporivides were isolated from samples collected from these

localities.

4.1.3 Kollam District

Leat rot specimen were collected from Kollaimm and Kottarakkara
regions in Kollam district and the results are presented in Table 3.
(. gloeasporioides and Fusarium sp. were consistently found associated
with the samples from Kottarakkara during all the secasons. The
pathogens isolated from specimen from Kollam region were Fusarium sp.
and Cephalosporivm sacchari during June-July and March-April while

only Fusarinm sp. was detected during November-December season.

4.1.4 Thiruvananthapuram and Pathanamthitta Districts

The results of the study on the isolation of pathogens associated
with leaf rot in Thiruvananthapuram and Pathanamthitta district are
presented in Table 4. [t was found that (. gloeosporioides was
predominantly present during June-July and November-December
seasons while Fusarium sp. was involved in causing the disease during
November-December and March-April on specimen obtained from
Kilimanoor. Irrespective of the seasons Fusarium sp. alone was
consistently isolated from discase specimen of Kazhakoottam and
Kudappanakunnu regions,

The discase sample trom Koani and Pathanamthitta arcas of

Pathanamthitta district indicated the presence of (. glocosporioides



Table 2. Fungal pathogens associated with Icat rot of coconut during different seasons in Alappuzha District

SI.

LLocation f

~June - July -

Moncompu | Seytalidium sp. '|

Pathogens isolated

November- December

Sevialidium sp.

March - Apri]

(. glocosporioides

Fusarium sp.

C. glocosporioides

L B

FFusarivm sp.

Fusarium sp.

Fusarinm sp.

]

C. g!onSpE)_rioides'

Fusarium sp.

Fusarium sp.

Table 3. Fungal pathogens associated with leaf rot of coconut during different seasons in Kollam district

— —_——

I.ocation

Pathogens isolated

‘ | June - July

November-December [

March - April

! 5p.

Fusarium sp,
Kollam

\ C. gloeosporioides Fusarivm !
|

i Cephalosporium sacchari

Fusarium sp.

Fusarium sp.

. glocosporioides

C. gloeosparioides
Fusarium sp.

Fusaritm sp.

(. savchari

— e

123



Table 4.

Pathanamthitta districts

ST =

} Location ’> e
i June - July

_ -
Kilimanoor (. glocosporioides
- — - . ||
Kd!hdl\[llld[]] L 1 LSUrinn sp.
3. Kudappanakunnu ‘ Fu.s-urumr Sp.
|
Konni L glocosporioides
’ \ Pathanamthitta ‘ (. glocosporioides ‘
|

Fungal pathogens associated with leaf rot ol coconut during different seasons in Thiruvananthapuram and

Pathooené isolated

" Nov-Dec

~ Mar - Apr

gr’uempm inides

Fusarium ap

Fusarium sp.

JR— - [ — i

Fusarmm Sp.-

|
Fusarium sp.
i (" gloeosporioides _!
Fusarium sp. ]

T C. g!aempoumdc _

Fusarium sp.

Se
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alone during June-July. Fusarium sp alone during November-December

and both the species during March-April.

4.2 PURIFICATION

Cultures of . glocosporioides, F. solani, . moniliformae,
Fooxvsporum, E.orostratum. C. sacchari. G.oroseum, Scvtalidinupt sp.and
Curvilaria sp. were purified by single spore method and muintained on

PIYA slants for further studies.

4.3 PATHOGENICITY STUDIES

Altogether seven different fungal species were found to bhe
pathogenic in causing LRD on healthy spindle leaflcts of coconut in
different regions of the study (Table 5 and 6).

T'he average time taken for inttation of symptoms by the different
pathogens varied from three to seven days when inoculated by pin-
pricking the leallet Scyradiditan sp. took the jeast ttme of three davs for
the expression of symptom while Fusarium solani took a maximum time
ol scven days. The average time taken for initiation of symptom by
(. glocosporioides, F. rostratum, G, roseum, . sacchari, and
Curvularia sp. ranged from 4 10 6 days.

Study on the initiation of symptoms on uninjured leaflets (without
pin-prick) indicated that all pathogens developed symptoms on uninjured
leaflets except Curvilaria sp.  The average time taken for the
development of initial symptom varied from a minimum of 7 days
(C. gloeosporioides and Scyvialidium sp.) to maximum of 10 days
(Cephalosporium sacchari.),

Study on the progression of lesion size (Table 6) revealed that the
maximum leston size of 9.5 x 2.0 cm (10 DAD and 14.5 x 3.5 ¢m
(15 DAL was produced by Scyralidium sp. followed by E. rostratim
(6.8 x 2.0 ¢cm and 12.7 x 3.5 em) and . roseum (5.0 x 2.0 ¢m and
10.5 x 3.5 em). The minimum lesion size of 3.0 x 2.0 ecm (10 DAL and

8.5 x 3.3 em (153 DAL was noticed in leatlets inoculated with Crrvadaria
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Table 5. Time taken for symptom cxpression by the different pathogens

I

! On injured leaf On uninjured —I

i Pathogen ‘ |
lets, davs leal lets. dayvs

L Colletotrichum gloeosparioides 4 7 |

H . I

O . - . — At iaa = e e i e a am a2 44 _1'

] Fuscurivm solani 7 0 i

[ Fxserohifum rostratum 4 b

- Gliocladium roseum 5 8 '

Cephalosparivm sacchari 5 10

~Curvularia sp. 6 i Nonfection

! Sevtalidinm sp. i 3 | 7

: ) t H

: N 1

Tabte 6. Development of lesion on coconut teallets alter inoculation with

the different pathogens

[.esion size

Pathogens 10 DAl 1_i DA ]
N Length, | Breadth, | l.cngth. ! Breadth.
cm cm cm cm
Colletotrichum gloeosporioides 4.00 1.50 9.50 3.50
Fusarium solani o 3.40 1.50 7.60 3.40
“Exscrohilum rostratum 6.80 2.00 | 12.70 3.30
| Gliocladium roseum 5.00 2.00 10.50 | 350 |
CCephalosporium sacchari 4.50 1.70 10.50 3.40 |
Curvularia sp. 3.00 2.00 8.50 330
Scytalidium sp. 9.50 2.00 14.50 3.50
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sp. All the seven fungi were reisolated and the characters studied. thus

proved Koch's postulates.

4.4 SYMPTOMATOLOGY
4.4.1 Based on Natural Infection

The inttial symptom of LRD of coconut usually appcarcd at the
distal portions of distal leallets of the unopened spindle. It developed as
tiny water-soaked reddish brown to dark brown spots/lesions on laminar
arcda, tips or margins of leaflets. enlarged in size and coalesced frecly
leading to extensive rotting.  The rotting gradually advanced into the
intertor of the spindle and tan coloured mould growth could bhe noticed
on the surface of the aflected areas. Many insccty like ants. carwigs,
flies were attracted towards the rotten portions ot the spindle and
cmanaled o fow] smell. Often the tips of the rotten leatlets ot the spindic
were cemented together while the base of the leatlets gradually unfurled.
Later rotten poruens dried. turned black and blown off by wind
protruding vut hlackened and shrivelled ends of mid vein of the leallets
As these infected leaves matured, the (caflets at the basal portion
normally unfuried without any damage while those at the distal half are
almost completely rotten and broken off producing the typical fan lcal
like symptom. In severe inswances of infection, all the successively
emerging spindles were progressively infected by the enormous inoculum
of the pathogen present in the crown. As a result all the leaves of the
crown showed tan leafl like symptom in palms at advanced stage of
infection. When very acute rotting of the spindle occurs. the infected
portions appear whip like exhibiting severe distortions (Plate 1).

Rarcly pathogen of leaf rot infect mature jeaflets also particularly
on palms which exhibited mid-whorl yellowing symptom. Under such
condition reddish brown lesions developed on the margins and laminar
arca which enlarged and coalesced together resuiting in extensive

blighting  of the leaf.



(C) Leaflet of leaf rot affected spindle

Plate 1. Leaf rot symptoms of coconut palm
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4.4.2 Based on Artificial [noculation

On artificial inoculation on detached lcaflcts the symptom
appeared as tiny water soaked light brown lesions. [Later these lesions
cnlarged and spread both length and breadth wise and covered large area
and the lesion colour gradually changed into dark brown. Simiiar type of
symptoms were produced by all the pathogens except for the size und

time taken for svmptom development (Plate 2).

4 5 VIRULENCHE OF DIFFERENT ISOLATES OF PATHOGENS
4.5.1 Isolates of Fusarium sp.

Altogether 12 isolates of Fusarium spp. were obtammed from
infected leallets of spindle of coconut collected from different regions
(Table 1 to 4y, The comparative virulence of these i1solates in causing
leal” rot infection was assessed by inoculating the 1selates on healthy
leaflets of spindle and measuring both the time taken tor syvmptom
expression and the progressive lesion size. The data are presented in
Tables 7 and 8. It indicated that Fy and I7), isolates obtained {from
Kidangoor and Konni produced the svmptom both on injured leaflets
(6 days) and uminjured leaflets (9 days) with the minimum time.
Maximum time for the development of symptom on injured leaflets was
noticed with Fq. Fo. Iy and Fy» isolates (9 days) while isolates F; and Fy
took 12 days for symptom development on uninjured leaflets.,

Data on the lesion size (Table 8) indicated that there was variation
in the size of lesion noticed ainong different isolates. Maximum lesion
size of 3.7 x 1.5 cm (10 DAl by Fy isolate followed by Fy; (3.5 x 2.0 cm)
while Fi» produced the smallest lesion (1.5 x 1 em). All the other isolates
produccd lesions having an intermediate size. Similar trend was noticed
at 15 DAT (9.4 x 2.5 ¢m by Fy isolate and 8.5 x 2.5 ¢cm by [, isolate as
against 6.8 x 1.9 cm by F > isolate).

Bascd on size of the lesions and time taken for initiation of symptom.

Isolates were classificd into three categories.



(C) Fusarium moniliformae

(E) Cephalosporium sacchari

(B) Exserchilum rostralum

L

(D) Scvtaiidium sp.

(F) Curvularia sp.

Plate 2. Leaf rot symptoms produced on leaflet by artificial inoculation of

different pathogens
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On injured

Table 7. Time taken for svmptom development by Fusarium spp.

On uninjured

Isolates leaflets, days leaflets, davs
F| (Kidangoor) 6 9 -
Fr (Kumarakom) 6 ERTE
I3 (f_-.‘ui*.aﬁ_gzillalf:-iicl'r)’) 8 - 10
{__4(}_\ ava mkulam) 7 1o
Ftaroot) ™ S e
"Fe (Kottarakkara) - 9 I
¥ (Ko.]---l.a m } 9 2
Ty (Kilimanoor) 8 1
"Fy (Kazhakuttam) 9 12
Tm (Kud;1_[“)_a.r1akunt1-a)m 8 11
Fi(Konni) 6 9
9 11

Fi> (Pathanamthitta)




Tabhle 8.
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Fusarium spp. 10 and 15 days after inoculation

Development of lesion produced by different isolates of

- T o Lesion size o
| lsolates - 10 DAL 13 DA
I _ ’ length em | Breadth em | Tength em | Breudih cm
| F 3700 150 9.40 2.30
T 340 1.40 760 2,40
T T 280 50 7.40 2.80
T, ]340 1.50 R0 2,50
o > 50 [.30 T8s0 T 20
LT, 510 60 ] §s0 250
¥, 3,00 1.40 840 2.40
e 2.50 1.10 8.00 | 240
Fo 2.10 1.00 700 1 200
e " 2.40 1.20 8.50 2.70
Fii 3.50 2.00 8.50 2.50
Fis 150 1.00 680 1 1.90
!




42

. Highly virulent (lesion size > 3.4 x 1.4 cm and time taken for

symptom expression < 7 days) — Iy, Fo. Fq and Fyy.

%]

Virulent (lesion length ranged between 2.4 - 3.4 x 1.0 em and time

taken for symptom cxpression 7-8 days)- Fi, Fs. Fg, iy

fad

Mildly virulent {All the rest of isolates) Feo, Foo I'o. I'y»
[solate I'; (F. voluni) was chosen as the test pathogen ot Fusarium

sp. for turther studies.

4.5.2 bsoelates of Celletotrichum gloeosporivides

The data on the time taken for symptom expression indicated that
isolates  of ' glocosporioides  obtained {rom Kidangoor and
Pathanamthitta (¢ and Cyg) produced the symptoms after four days of
inoculation (shortest period) while the rest ol the isolates took 3-6 days
{Table 9). The time taken for symptom expression on uninjured leaflet
varied from 8-9 dayvs. Isolates of €. Cy and Cy produced symptom atier
8 days of inoculation while the rest took nine days.

The virulence of the iso'ates was further tested by measuring the
lesion size 10 and 15 days after inoculation and the data indicated that
maximum lesion size (length) after 10 DAI was produced by isolate
(4.5 ¢m) tollowed by €y (4.2 cm), while the lesion size was minimum
with Cs 1solate (3 ¢cm) {Table 10). A similar trend was noticed |5 DAI
also {(maximum lesion size of 11.5 by C, isolate followed Cy (11 ¢m).
Based on the time taken for symptom expression and lesion size
. gloeosporioides isolates were categorized into three viz.. highly

virulent. virulent and mildly virulent.

Highly virulent isolates - lesion size 2 4 ¢m (10 DAI) and < 5 days for
symptom expression — €. (>, (4 and Cg.

Virulent isolates - lesion size ranged from 3.5 — 3.95 em (10 DAI) and
synmptom expression from 3-6 days — C;. Cq. C5.

Mildiy virulent isolates - lesion size € 3.5 cm (10 DAI) and 6 dayvs or

morc for svmptom expressions - Cs.
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Tablc 9. Time taken for symptom development by Colletotrichum glocosporioides

l On injured leaf lets. On uninjurcd. leaf lets,
Isolate .
days 5 davs

C1 (Kidangoor) | 4 s
. (2 {Kumarakom) i T O
- C3 (kayankuiam) 5 . 3
l C4 (Aroor) ] 3 ) e}
|U (Kottarakkara) 6 9 |
‘ C6 (Kilimanoor) 3 9
| C7 (Konni) T 6 9
ir?gu(:_l"’;t'l;zinamthitta) : 4 N | "

Table 10. Developmient of lestons produced by different isolates of

Colletotrichum glocosporioides, 10 and 15 days after inoculation

L _ Lesion size ~
‘ [0 DAI 15 DAl
[solates Cenoth.  Bread =
ANEHEL ; readih, Length. em ! Breadth. cm
_ o cm cm o
C 4.50 [.10 11.50 2.50
TTC, T 400 | 200 10.00 200
G 350 40 10.00 250
C, 4.20 1.70 11.00 2.50
Cs 3.00 120 | 9.50 2.00
Co 3.80 1.50 1050 | 2.00
C; 3.50 1.40 9.80 2.50
Cs | 4.00 1.50 10.50  1.90 ;
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Isolate Cy was chosen as the test pathogen of C. glocosporioides

for further study.

4.5.3 Isolates of Scytalidium sp.

The two isolates of Scytalidiem sp. also varied in their
pathogenicity. Isolate ) (Moncompu) was found to be more virulent as
it ook only 3 days for symptom expression and produced larger size
(9.3 x 3 em) lesions at 10 DAL while isolate S; (Changanacherry) took
5 days for lesion development and the stze of lesions was comparatively

less (7.2 x 2 em).

4.6 CHARACTEFRISATION OF LRD PATHOGENS
The LRD associated pathogens were isolated. purtlicd. and

identificd based on morphologrcal and cultural characteristics.

1.6.1 Caolietotrichum gloesoporicides (Penzig) Penzig and Sace.

On Crzapeck™s medium. colour of the colony was found varied
from light erey to dark greyv or dirty white depending upon the isolates
(Plate 3A). The acervuli were varied from spherical to saucer shaped.
They were setose or non-sctose. Conidia were mostly eviindrical with
rounded ends. aseptate and  the size were varted from 10.23 -14.03 x
S

3.3 - 4.00 um. They were hyvaline individually but orange coloured in

mass (Plate 4A),

4.6.2 Fusarium spp.

Fusarium spp. 1solated from lear rot atfected coconut palms were
identified as /. solani Martius (Sacc.). F. moniliformae Sheldon and
F.ooxysporum Schl. Ex Fries (Plate 3G, 4B and 4C). Characters of these
species are given in Table 11, Based on these characteristics isolates ).
Fa. Fy. Fsand 8 were identitied as £ sofani. isolates Fio Fo. Fog. Fio Fps
were identified as F. moniliformae and isolates 1'5 and Iy were identified

as F.ooxpsporiun,



Table 11. Cultural and morphological characters of Fusarium spp.

—— — - 1

i T Fusarium Fusarium
( haracters | Fusarium solani
| l moniliformae OXVSPOrum
S _ . [ S
~Colony diametcﬁ 1 |
’ i 9 cm 9 ¢m ) 9cem
] after 1 dayvs | |
" Acrial mveellium |

Present Fresent , Present

SO I
CAverage  length ) ‘ N :
| T 25.50u 20.17 18.30 i
|' of macroconidiia | | ., .
i— Avera g ¢ widthof I _ \ \ X

, 3.3 l 33 p 331
' macroconidia | | | .
| Microconidic T ~TPresent. abundant | |
_ Present. rod | i \ Present, rod

' ‘ in chains, clavate |

| shaped ’ shapued.

‘ | shaped |
| o S — o
' Chalmydospores 1+ Present. chaimed Absent | Present
S S
l Conidial mass on ‘ Pinkish, dark |
PPSA : Cream coloured | blue later [Light pink
: || complete bluc |
S B — R
| Reverse on PSA Concentric,
i | Cream radiating and ! Peach |
H | ;
-= 5 L dark blue zones |
ij\ﬁ:a_lcél_lzhz;pc ] Conical ' Conical . Conical _}
B — — ] ______________._____H_*.—_{._ — . _.
| Apical cell length i Less than Lqual to [.ess than l
| | . . : |
; | penultimate cell | penultimate cell | penultimate cell |
|
Pe— +w_ —— - — —
['.ocation , Aroor, 1
l | ) Changanacherry, ;
; | Kidangoor. ' |
| 'i Kudapanakunnu, | Kollam,
. - kumarakom. ) _
t b Konni, Kazhakootam |
. I Kayamkulam, .

i | Pathanamthitta |

Kilimanoor

ooy Mhmeweer ) o]
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4.6.3 Exserohilum rostratum (Drechsler) Leonard and Suggs.

On PDA medium, the colony was black in colour and appcared as
felty growth (Plate 3B). [t took six days to complete the growth in 9 cm
petridish. Conidiophores were single, brown and measured 26.4 — 33.0 x
6.6 um size. The conidia were straight, cylindrical. 4 - 9 septate, ond

cell cut off by a thick dark septa and measured. 33 - 093 x

13.2 - 19.8 um (Plate 4D).

4.6.4 Cephalosporiam sacchari Butler

On PDA medium colony was white initially and later turned hght
pinkish in colour (Plate 312). Deep pink colour formation was noticed on
the media. The Tungus took ten days for attaiming complete growth in
the petridish (9 em). Hyaline, oblong and onc celled conidia (6.6 9.9
X 3.3 pm) were produced from the tip of the ultimate branches and many

aggregated to from “heads™ which were casily shed (Plate 411y,

4.6.5 Gliocladium roseum Bainier

On PDA medium. the colour of the colony was salmon above
while light yellow below, Texture of the colony was granular (Plate 31).
Within five days of growth the fungus completely covered the 9 c¢m
petridish. Conidiophores were with divergent verticillium like branches
measured 9.9 - 16.5 un size, phialides in whorls of three to four and
9.9 x 3.3 pm in size. Conidia were in columns with slightly

asymmetrical apex and obliquely round base (Plate 4T).

4.6.6 Scytalidium sp.

On PDA medium the colonies were effuse and biack in colour
(Plate 3C). Soeme of the hyphae were smooth, narrow. cvlindrical and
colourless while others were thick. pale to mid-brown with occasional
darker swollen cells and often with thick dark septa. The hyphace often
ie paratlel to onc another and closely adpressed forming bundles. Sctae

and hyphopodia absent.  Conidiophores micronematous. mononematous
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or somelimes synnematous, branched or unbranched. straight or
flexuous. colourless or brown and smooth. Conidicgenous cells were
fragmented and formed arthrocontdia. Arthroconidia were inlegrated.,
intzrealary. determinate and  cylindrical. doliiform  or  ellipsoidal.
Conidia catenate. separating. stmple smooth and one celied. Two kinds
of conidia were noticed. viz., colourless thin walled cylhindrical with
Y - 132 x 353 - 6.6 um size and broader, dark brown. thick walled.
oblong with 9.9 x 5 — 6.6 um size. The fungus took three days to cover

completely 9 cm petridish (Plate 4G).

4.0.7 Curvularia sp.
Colonies were black velvety. conidia four celled and measured
19.8 2900 x 9.9 132 pm. middle cell Targe. broad and dark. ft 100k

seven days for the completion of growth in 9 em petridish (Plate 3y

4T INTERACTION OF PATHGOGGENS ASSOCIATED WITH LLEALI ROT

The results indicated that the growth of (. glocosporioides along
with I solani. . orostratum and Seyralidium sp. {reely merged with cach
other without development of inhibition zone and without aftecting their
spoialation (Table 12) while O glocosporiodes mildly inhibited the
growth of Curvudaria sp.. Cephaksporium sacchari and G. roseum. When
Fusarium sp.  was allowed to interact with Scytalidium  and
Curvalagria sp. free merging of colonies was found without growth
inhibition. When it was grown along with . swcchari, G, roscum and
E rostratum it showed moderate overgrowth and slight growth inhibition
of these fungi

When £ rostrarum was grown with (. roseun and O sacchari
growth of both these fungi ceased at the point of contact while growth
suppression and mild inhibition of Cuwrvularia sp. and Scytalidivm sp.

were observed in the presence of £, rosiratum.



(A) C. gloeosporioides (B) E. rosiralum (C) Scytalidium sp.

(D) G.roseum (E) Cephalosporium sacchari (F) Curvularia sp

(G ) Fusarium spp.

Plate. 3. Growth of different pathogens on culture media



(B) F. solani (1000 x)

(C) F.moniliformae (1000 \) (D) E. rostralum (200 x)

\ K

(F) G. roseum (1000 x)

4 /
(G) Scvtaiidium sp. (200 x)

Plate 4. Photomicrographs of conidia of different pathogens
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Table 12. Nature of interactions shown by different pathogens in vitro

fSI
| No. |
T

|

i  Fusarium solani

Pathogen combinations

| Colletotrichum glocosporivides x

2 L gfocu sporm.rdm X

lxserohilin rostratun

l -—~+
3 ga’omspurm;dm X

CCephalosparivm sacchari,
|

Nature of interactions Fl
Lo
No mh]blll()n free mereer of ]

j' growth by both fungi. normal

sporulation

' No inhibition. slight
overgrowth by K. rosiraium, |

sporulation normal in both |

fung:

i Slight inhibition of nxlnilh |

and sporulation of O yuechar!
\! by (' glocosporioides. srowth
) ceases at the point of contact

— — —_—— |

"Perfect stoppage of numrh at

point of contact by both fung:
slight inhibition of growth of

Curvularia sp. by
|

C. gloeosporioides noticed i-

C. g!oeusponwa’es overure\\ _
Scytalidium sp. mild inhibition i|
of Scytalidium sp. by |
C. gloeosporioides |

! . gloesporioides x
| o _
; .|( wrvularia sp.
| :
' |
[
|
. |
3 | ga’cmporiordev x Scy ralidium ‘
i' .\',[},
|
| |
S
) o ;,m!.:'osponmdes x
l’ | Gliocladium x roseum
o
| ?
]
| !
|
[

Inhibition of growth of
G. roseum at the point of |
contact of C. gloeosparioidey
mild inhibition zone |
developed

Mild inhibition of

Exserohilum rostratum by
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Table continued

8

12

} Fosoluni x

a

._.
Lad

44—

| 7 solani x Curvularia sp.

|
No inhibition, both fung: g‘
freely merges each other. |

|

i normal sporulation

[ . .
S (Cephalosporium sacchari.

Moderate overgrowth of

F.solani sp. on

Cephalosporium sacchari.
' growth and sporulation of
|

| Cephalosporium sacchari

were mildly suppressed

CF osoluni x Gl rosenm

Frusarivm sp x Seyralidinm sp

F.solani overgrows g

(7. roseunt,

| Both fungi overgrow vach
|

other without any mhibition
over growth is more intense
by £ solani. partial inhibition
| of Scytalidium sp. by

F osolani.

Forostrarim x C. sacechard,

Growth gradually ceases at

point of contact. No

suppresston ol growth and

J sporulation

E.orostratum x Curvalaria sp.

[ Mild inhibition of Curvularia

sp. by E. rostratum ‘

L Erostratum x Sceytalidium sp.

—

Intense overgrowth of !

E. rostratum along with shight |

inhibition of growth of

i Scytalidium sp.
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Table continued

Lh

18

16 | Curvularia sp.

E rostratum x G. roseum

No inhibition, mycelial growth
and sporulation of both
cultures normal. Growth

ceases at the point of contact

x O sacchari

P Growth ceases at point of

contact, nu inhibition of

“growth and sporulation

Curvularia sp.

x Sevialidium sp.

P

Curvularia sp. x G, roseum

C. succhari x Sevralidium sp.

|
|

CSevtalidinm overgrows over
CCwrvidaria sp.osuppression of
Parowth of Curvalaria sp.-

i sporulation noarmal

No suppression ol growth of

i both Tungl

CSevialidivm sp.overgrows

(L sacchari suppresston of
arowth of O, sacchari

sporulation normat

(. sacchari. x G, roseum

- GLoroseum x Sevtalidium sp.

- Shight overgrowth b\
O sauchari

Moderate inhibition of growth
~and sporulation of G, roseum

by Seyialidium sp. inmitially.

slight overgrowth and

sporulation by . roscum at

1 later stage
1
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When Curvalaria sp. was allowed 1o grow with . roseum the
cotonies freely merged without inhibition of growth or sporulation. The
growth stopped at the point of contact when it was challenged with
O sacchari while Scoyveadidium sp. had overgrown Curvularia sp. with
growth suppression.

Sevialidiupr  sp. had  overgrown (. saccheri  with  growth
suppression and inhibition while moderate inhibition of growth and
sporutation was observed In dual cultures with Sevralidium sp. and

(. rosenm. O sacchari also inlibited the growth of (0 roscum.

4.8 EFFECT OFF COMBINED INOGCULATION OF LRD PATHOGINS
ON DETACHED SPINDLE LEAFLETS

The time taken for symptom expression by dilferent combinations
of fungal pathogens of LRI varted from 3 6 days (Table 15). When
orostratum x Sevialidium sp. Eorostratum x C.osacchari. Foorostraium x
Cooroseum. Foroxtraim X Curvedaria sp.. Seytalidivm sp. o  sacchard,
Sevtalidivm sp. x Gooroseum, Scvialidium sp. x Curvalaria sp. I solani
E. orostrarwm and  Fo solani. X Scevtalidinm  sp. were  Inoculated
simultancously  symptoms were expressed within three davs.  The
combination of F. soluni and Curvidaria sp. took the maximum period of
six days.

Lesion size ranged between 4.3 x 2.3 em to 15 x 2.3 em (10 DAL
(Table 13}, Maximum lesion size of 15 x 2.5 cm was shown by
£ rostratum  x o Seytalidium sp. followed by  Scytalidium  sp. x
O sacchari. (14.3 x 2.5 cm). £, rostratim x C. sacchari (14 x 2.6 cm},
The minimum lesion size (4.5 x 2.5 ¢m) was noticed by G roseum x

Curvularia sp. and C. glocosporioides x Curvularia sp. combinations
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Table 13, Details of symptom cxpressed by combined mocuiation of
pathogens
; . Time taken for o ‘
bOSIL ] . ) fLesion sz,
i Pathogen comhination initiation ol : i
©NOL i cil
| svmplom days ;
: I Colletorichum glocosporivides X Fusaritum solai 4 PN 240
:,_-- . ———— . _-——I- -_ﬁ—’—.—,——-n_,—-—_,—.—_ — - | . — _ '
2 U glocosparivides X Exserohifum. rostratum 3 bO600N 250
— ! - . — —
| 3 L gloeosporivides X Seyialidium sp. 4 .50 N 250
. SN _ . — _— \ L
A (. glocosporivides X Cephalosporium succhuri 3 P8y 250
H 1
I S0 O gloeosporivides x Gliocladium rosetin ! 3 l b3 250 ‘
_ i G e — e
b6 (. glocosporioides x Curvidoria sp. . > AT2R0
7 Fosolani x . rosiration | 3 .00 230
| 8 F ol 1_8(5@151-””; .\'/J., - ﬂ— 3 i BN 20
P, Fosolant x Cosaceliori - 3 000N 250 ‘
0 Fosolani x Gorosewn T S T 8s0x250 ]
w. . F solani x Curvidaria sp. T 6 CO3A0N200
12 | rostratim x Scvtalidiun 3 L 13008 250 ‘
— e . - L —— . —
U3 R rostrattom X O sacehiari 3 400« 260 |
!
L1 rostratum x G Foseum 3 PO10.30 x 2.50) ]
15,1 E rostratum x Curvularia sp. 3 l 1050 x 2.50 ‘1
L6, _E.?a:‘)«'.-'(.:-ifdiub: sp. x O sacchart i 3 30N 250 |
——— — | _ |
Vi | Scvtalidium sp. x G. roseum 3 I 750x2.60 °
N | L —_ 4‘
18. | Scveadiditem sp. x Curvularia sp. 3 I 6.50x250 |
— _ : -l - ‘{
19, sacchari x G. roseum 4 D 1230x 240 |
20. { " sacchari x Curvidaria sp. 5 . 5.50 x 2.50
21 TG roscunt x Curvdaria sp. 5 450 % 250 ‘|




49 /N FITRO SCREENING OF ANTAGONISTIC MICROORGANISMS
AGAINST MAJTOR PATHOENS OF LRD
4.9.1 Screening of Fungal Antagonists
The results on the evaluation of different cultures of frichodermu
sp. lor their antagonistic potential against C. glocosporioides, F. solani.

and £ rosirarenr are presented in Table 14,

4.9.1.1 C. glocosporivides
[he inhibitory ability of the seven cultures of Trichoderma ranged
from 17.25 per cent ('2) to 23.50 per cent (Ty). Culture 1y (25.56 %), 1,

(2536 %0, Ty (2417 %) and Ty (24.03 %) were on par in thew

j

antagonistic effect on . glocosporioides.  The minimum antagonistic

ability was noted with T- ¢17.23 %) (Plate 3A),

4.9.1.2 F. solani

Antaconistic ability of Ty (31.99 %), Tg (30.86 %), 1y (27.74 "
and T,0 (23.91 %) against F. solani were on par and their effects were
signiticantly hrgher than that of Ty, (15.74 %) and T; (14.09 %)
(Plate 3i3).

4.9.1.3 E. rostratum

The antagonistic effect of Trichoderma culture on the growth of
E. rostrarum was  significantly  higher with Ty (48.00 %) and
Ty (46.77 %) while the minimum antagonistic effect was shown by
Ty (29.67 %) and T (30.70 %) (Plate C). Cultures T,y (40.77 %).
Ty (40.27 %) and T,» (39.00 %) also exerted significantly higher
antagonistic property on E. rostratum as compared to Ty and Tyy.

In all trials Ty and T, showed consistently higher per cent
inhibition on growth of pathogens. But overgrowing ability of Ty was
found to be more as it had completely overgrown ditterent pathogens in
the present study within nine dayvs. Hence Ty culture was selected for

further study in the present investigation.



Table 14. /n vitre evaluation of antagonistic potential of Trichoderma cultures against leaf rot pathogens

- 81. No. ‘ Trichoderma culture

Colfetonriclinm

viveasparioides

Per cent inhibition growth, %

Fusarium solani

fxserohilum rostratun |

1. I | 17.25 (4.15) 14.09 (3.75) 5027 (3937
h Ts LT 2556 (s06) 30.86 (5.55) ’ 46.77 (43.13) |
3. | T 3556 (5.06) ) 31.99 (5.57) 48.00 (43.83)
4. Tro 24.03 (4.90) 23.91 (4.89) 30.70 (33.63) i
s T, a 19.30 (4.39) 15.74 (3.97) 40.77 (39.66) |
6. Tia i 24.17 (4.92y 23.05 (4.80) 39.00 (38.63)
7. ' Tk 22.70 (4.75) 27.74 (5.27) 29.67 (32.98)
CD 0.67 0.72 3.15

Figures in parenthesis are

transformed va]ucs(\‘ X))

- . —
Figures in parenthesis |

are transformed in |

angles

1 4°
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4.9.2 Screening of Bacterial Antagonists

The antagonistic potential of 29 isolates/culture of P fluarcscens
was tested i vitro against the three major pathogens of LRD and the
results of their effect on . gloeosporioides, F. solani and F. roxiratum

are presented in the Table 15.

4.9.2.1 C. glocosporivides

The data indicated that Psl culture of P Hurorescens exerted
signiticantly higher antagonistic ability (74.86 %) on C. glocosporioides
(Plate 6A) compared 1o other cultures in KMB. The cultures Pss (0 %%).
P25 (0.35 %), Pae (1.50 %) and Py; (1.33 %) did not signiticantiy inhibit
the arowth of . glocosporioides.

Similar trend was also noticed when P flowrescens tested in PDAL

4.9.2.2 F, solani.

The duta on the interaction of £ fluorescens isclaies witll
o solani revealed that Psp culture possessed  signilicantly  higher
antagonistic potential against /. solani. (77.01 %) in KMB (Plute 6B).
The inhibitory effect of culture Pig (0.39 %) and P (1.30 %) wus the
minbmum,

A simifar trend was noticed when the antagonism was tested

i PDAL

4.9.2.3 E. rostratum

The results of screening test with £, rostrarum showed that Ps
culture exerted the significantly higher antagonistic effect (76.09 %) in
KMB medium while the lowest effect was observed with Pi, culture
(2.39 %). Isolates Py, Py and Py also showed more than 40 per cent
inhibition on growth of £ rostratum. In PDA medium also Ps) showed
maximum inhibition capacity against £ rosiratim (75.73 %) and the

minimum per cent inhihition was shown by Py, (3.05 %), Moderately



Table 18. [ vitro evaluation of antagonistic potential of Pyendomonas fluorescens against core pathogens of leaf rot

Figures in p’m,nlhun are values alter dl'l“ll] i transformation

SL | Psckomonas ! Per cent inhibition of C g!cxrﬁ;m;r;;a.a ] Per cent inhibition of /-tusarium solani [ Per cent inhibition of £ rostration

No. | fluorescens isolates OnKMB ; onPDA On KMB ! OnPDA_ | OnKMB ~ — OnPDA

L P, "6.42 G092y 77340, L IITIGLTY) L 2760(G169) ¢ 2052(2693) 16.40(23.89)

2, P, 344(28949) 13582162 26.18(30.76) 214802761) 189425.79) 19.19(2398)

3, P B 83) S2H130T) 1285(21.00) 1445(22.34) 11251959 ___@_g(lnf\

4, y R0 21160739 4130000 31.03(33.85) 2203(2798) 20002728)

s Py 115201983 001756 C059440) 84%16.94) 831(16.75) 9%(1840)

6. Pu 2025(26.73) 172000 13.85(21.84) 1720(24.51} 14852266) i 1176(2006)

7. Py 1113 (19.50) 821(1665) 35.68(36.60) 212002748) 1610991 | T1S1(1983)

8. Py 023 (17.68) n 841922 736(15.74) 1545(23.14) 837(1681) ' BO¥IZ.I3)
| s Pq 985(1829) 23820060) 8.57(17.02) 10.71(19.10) 334Q14D T 1126(1961)

10 Py 9371781 687'(!\!1)) 11.03(19.39) 10.17(18.60) 12.0920.44) _1_?3_?;3930_1__

1 Py 6.61(14.89) SII3.13) 030(|773) 8.72(17.18) 831(16.75) 8.17(16.0])

12 Py S08(13.03) 30%1029) ) 30(6.55)  3.38(10.59) 447221 6.10(14.30)

13 P-, 11962022 9.10(17.56) 10.06(18.48) 9.20(17.66) 12.52(20.71) 11.26(1961)

14 P 035341 229(8.71) 1044 18.84) 12,16(2041) 4.76(12.59) 42811.93)

15 Px 16.18(23.71) 9.81(1826) 21.4427.57) 15.92(23.51) 16.29(23.80) 1537(23.08)

16 Py © 3099(33.82) 29.6(32.96) ~ 28.19(32.06) 266(2842) 26.29(30.83) 2.31(28.19)

17 P L50(7.04) 2.60(929) 24.6929.78) 19.18(25.94) 11.35(19.68) 92%17.74) |

18 Py,  4063(39.59) 33.85(35.58) 37.00(3745) 31.79(34.32) 29.74(33.03) 23028.18)

19 P ~ 5.38(1340) 947(17.92) 921(17.66) 8.73(17.18) 1297(21.10) 11.01(1938) |

20 Px 6.08(1427) 4.96{12.86)  70415.38) 6.96(15.30) 8.17(16.61) 6.62(1491)

21 Py 26.06(30.69) 19.70(26.35) 44994211 44.51(41.85) 41.74(4023) 41.26(3997)
R P, 0733969 | MI0G53) CWIIGUIY) | 2233(2813) 25583037) 21.7%27.83)
T3 Py 1.53(7.10) L8771 RO 8.11{16.54) 11.23(19.57) 1126(1961)

24 Py, 23.68029.10) 18932579 0.62(18.06) ~ 11.90(20.18) T1I80(2009) 10841932 !

25 P (VN 187713 120011.82) 662(149)) 6.75(15.05) 690(1523) |

26 Py 862(17.07) 7921635 | 41(6.81) 431(11.98) 2.3%(8.89) 305(1006)

27 Py _4682(43.16) 402439371 41.02(39.80) - 4006(39.27) 41.70(4020) 38973863 |

28 Py 12.65(40.75) 40263938) JR80H.29) 40.73(39.66) 2864662 | 48.1%4396)
2 Py - 74.86(59.80) GO.OSO.50) T0I6L3 T B0535(63.69) 76.0%60.70) ISTO049) |

CD 364 191 2500 247 136 147 |

oG



Plate 5. Inhibition of LRD pathogens causing leaf rot by Trichoderma sp.

(A).C.gloeosporioides X Ps,

(B). F. solani x Ps,

Plate 6. Inhibition of LRD pathogens causing leaf rot by Pfluorescens
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higher percentage of inhibition was also exerted by Py (48.19 %) and P,

(41.26 %).

4.10 SCREENING OF ANTAGONISTS BY LEAFLET BIT ASSAY
4.10. 1 Trichoderma Cultures

Irrespective of the cultures it took four. six and four days
respectively in O glocosparivides, F. solani and E. rostratun moculated
leatlet bits for symptom development (Table 10). Variation was noticey
on the length of fesion produced by different pathogens in the presence
of different Trichoderma cultures.  The lesion size produced by
(", glocosporioides was found to be minimum (3.8 em) in presence of 1
culture while 1t was 4.5 cor in presence of Tq and T2 cultures. Simiiarly
the leston sive preduced by £ volani. (3.2 cm) and £, rostratum (4.0 cm)
were also minnmum in presence of To culture as against 3.9 em and 4.3

cmoin opresence of Ty and 4.5 and 6.0 ¢ne in presence of Ty iselate.

$.10.2 Pscudomonas fluorescens

The data indicated that the development of symptoms produced by
F.osolani. O ¢locosporioides. E. rostrarum were delayed in presence of
different . fuorescens  1solates. Maxtmum time for syviniptom
development was taken by F.osolani (10 days) followed by £ rostratum
(8 davs) and C. gloeosporioides (6 days) in the presence of Ps) culture as
against stx. Pour and four days in the respective controis (Table 17).
Data on the lesion length also indicated that maximum reduction in
lesion length occurred in the presence of Psy culture.  Among the
pathogens. minimum lesion length was produced by F solani (1.5 ¢cm) in
the presence of Psl culture followed by E. rostratum (2.5 c¢m) and
C. glocosporioides (3.1 ¢cm) as against 4.7 cm, 6.2 ¢m and 5.4 ¢m each in
their respective controls, Leston length produced by these pathogens in
the presence of Pyy and Py isolates were also reduced as compared with

the control.



Table 16. [Livaluation of antagonistic ability of Trichoderma cultures by leaflet bit assay

Tathogen

| S p—

Fusarium solani

Colletorrichum glocosparioides

Exserohitum rostration
.

Time taken for symptom expression.

Length of lesion after 10. days

days
R Ti» { Control | To T T, T2 ] Control :
T4.000 0 400 - 400 | 400 380 | 4.50 350 | 5.80
T 00 ?_—()".(](.]_“ [ 6.00 ' 6.00 | 320 3.90 150 5.00
.00 400 | 4_'_'6?_? 4,00 400 | 4.50 6.00 650 |

Tabic 17. Evaluation of antagonistic ability of 2. fluorescens by leaflet bit assay

|

3G

| Time taken for symptom expression. days

Pathogen o o . . - —‘

| Ps, I Py | P Control Ps; Pso P;, Conlml_i
(ﬂ'nh’emrmmm,g:’ner;-.\'pm‘-m(}é.;—' 6.00 .__i. 500 [ 500 | 4.00 3.10 4.50 400 | 5.40

Fusarium sp. a 1000 | 800 | 800 6.00 1.50 3.40 3.60 370

Exserohilum rosiratum [ w0 TG00 T 6.00 400 | 250 [ 430 T 450 | 620 l;

L -
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Based on the in vifro interaction and leaflet bit assay of various
isolates / cultures of Trichoderma sp. and P. fluorescens tested apainst
the three major pathogens of LRD, Ty culture of Trichoderma and Ps,
culture of P fluorescens were sclected for further evaluation in the

present study.

411 INTERACTION  BLETWEDLN  SELECTED  FLUORBESCENT
PSEUDOMONAD AND TRICHODERMA
P fluorescens (Psp) inhibited the mycelial growth (o). A clear
zone ol inhibition was noticed 1n dual culture with 38.5 per cent

inhibition of mycehal growth of Ty by Psy (Plate 7).

4.12 BIOASSAY OF COMMONLY USED FUNGICIDES AGAINST

MATOR PATHOGENS OF 1LRD

All the funeicides tried viz.. copper oxvehloride. mancozeh.
carbendazim. hexaconazole and propiconazole inhibited the growth of all
the pathogens at all concentrations tested {Table 18). All concentrations
of carbendazim (Plate 10A). hexaconazole (Plate 12A) and propiconazole
(Plate T1A) (230 30 and 100 ppm) resulted in 100 per cent inhibition on
the . glocosporioides growth while only highest concentration of
Copper oxychloride (200 ppm) and mancozeb (200 ppm) produced
complete inhibition of its growth (Plate 8A and 9A). A similar trend was
exhibited by these fungicides on the growth of F. selarni. The funpicides
carbendazim. hexaconazole (Plate 12B) and propiconazole resulted in
complete inhibition of fungal growth at all the concentrations tested.
Copper oxychloride and mancozeb gave higher inhibition of fungal
growth (87.61 and 64.48 %) at higher concentration (200 ppm).
ITowever, 1t was noted that the minimum effect on growth suppression
was by mancozeb (Plate 8B).

All concentrations of hexaconazole and propiconazole resulted in
complete inhibition of growth of £ rostratum (Plate 11B and 12C).

Mancozeb also produced complete nhibition at (100 and 200 ppm)



Plate. 7. Inhibition of Trichoderma sp. by P.Jluorescens

Control 50 ppm 100 ppm 200 ppm

(B) Fusarium solani

Control 50 ppm 100 ppm 200 ppm



Control 50 ppm 100 ppm 200 ppm

(A) Colletotrichum gloeosporioides

(B) Exserohilum rostraium

Plate 9. Effect of copper oxychloride on growth of LRD pathogens

(A) Colletotrichum gloeosporioides



(B) Exserohilum rostratum

Plate 11. Effect of propiconazole on growth of LRD pathogens

(B) Exserohilum rostratum



Table 18. Effect of fungicides on radial growth of major pathogens ol LRIY in solid media

- — e ——— o e e e
|
|

Fungicide Concentration, ppm

Propiconazole 50

R S — —_— — —

CD |
Number in parenthesis are transformed means 1n angles

- e—

50,02 (44.99)
81.10 (64.13)
100.00 (90,00}

68.24 (55.68)

74.71 (59.78)

160.00 (90.00)

100 (90.00)
100 (90.00)

CColletorrichum glocosparioides

Perocent Inhibition growth. %

Exserohilum rostratum

Fusarium solani

57.81(49.47)
75.61 (60.37)
82.69 (65.39)

68.25 (55.68)

100 (90.00)
100 (90.00)

10.63 (19.02)

20.35 (26.81)

40.37 (39.55)

72.74 (58.50)
78.28 (62.19)
87.61 (69.36)

58.46 (49.83)
44.48 (53.40)

100 (90.00)

100 (90.00)

100 (90.00) 37.10(37.51}) 100 (90.00) |
100 (90.00) 100 (90.00) 100 (90.00) ‘
100 (90.00) 100 (90.00) [00 (90.00) ‘
100 {96.00) 100 (90.00) 100 (90.00)
00 G000y 100 90.00) | 100 (90.00)

LOO (90.00)
P00 (9004

[.15

100 {90.00)

100 (90.00)

100 (90.00)
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concentrations {Plate 8C). The inhibitory eftect of carbendazim was
only 37.10¢ per cent even at the iecommended dosce of 100 ppm

(Platc 108B).

413 COMPATIBILITY OF FUNGICIDES WITIHT ANTAGONISTIC
MICROORGANISMS
4.13.1 With Trichaderma Culture
Hexaconazole completely inhibited the myeelial  growth ol
Trichoderma sp. at all concentrations tested (Table 191 The rate of
inhihition of tungal growth in the presence of mancozeb  was
comparatively low at different concentrations tested.  However. a delay
in the sporulalion of Irichoderma was noticed 1n presence of mancoreh

(Plate 13).

$.13. 2. With Pyeundononas fluorescens

The growthh ol . fluorescens was not inhibited cven by the
highest concentration of mancozeb tried while in hexaconazole treated
media growth of P finorescens was inhibited drastically during the first
24 hours-gparsc growth was noticed 48 h after inoculation and the growth

became normal from 72 h onwards.

4.14 INTEGRATED MANAGEMENT OF LEAF ROT OF COCONUT IN

THE FIELD

The severity of Teaf rot in the experimental palms was estimated
initially before the application of treatments as per cent diseasc index
and 1s given as pre-trcatment disease index n Table 20. The pre-
treatment  per cent disease index varied from 21.80 to 41.80.
Obscrvations taken two months after the first set of treatments showed
that there was a 23.29 per cent increase in disease severity in T,
(absolute control) while a reduction in disease severity was noticed in all
other treatments with a maximum of 41.53 per cent in Ts (hexaconazole)

and least (0.90 %) in Ty (Mancozeb + Trichoderma). More than 3¢ per
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Table 19, Evaluation of compatibility ot fungicides with frichoderma sp.

T [Iannmdﬁﬁ}aMhiQEﬁﬁTor;
i Fungicide ‘ Concentration. ppm ! '
! . ! Trichodermea sp.. %
S S SO A
. ' 100 ‘ 1,33
' ; 200 6.67
| Mancozeb -' |
| | 300 | 8.67

i 400 } 10.67 :
‘ S — o _ T T .__1
' Hexaconazole

200 | 100




Conirol 30Mppm 400ppin

Plate 13. Effect of mancozeb on growth of Trichoderma sp.



Table 20.

Rufuumn 111 dxsc lSL

Field evaluation of Tungicides and broconirol agents against leal rot pathogens

%e\ erity. %

spld\mL
August 2002

256.25 (11.99)

Treaiment || Pre-treatment disease index Arter 17 spraving | After 2" spraying After 37 s
o _ ' October 2001 _January 2002 ~ May 2002
 Absolute conlm_i__ I 40.20 0 -23. "9( 3.29) -59.02 (11, 8?)
_Mdmozcb_(f o '?9_.64 B _1_3:3_"’7 (15.34) 33.83 (15.29) .
Hexaconazole (T2 41.80 : 41.53 (15.54) 59.05 (16.10) [
e el . & E- 1 S _ - L
Pseudomonay 32.12 T 33.86 (15.29) 1(15.97)
[ Trichoderma (T | 3180 | 10451485 | 2033 (1488) |
Mancozeb + P.
1 G ' 3.45
fluorescens (T | .”.T}_ ) 2_)_.7'9 (15.10) 33.45(15.28)
Mancozeb + |
a ; e T
Trichoderma (To) 33.46 0.90 (14.17) 12.75 (14.59)
Hexaconazole + P, | -
Q.
flworescens (T-) 28.94 ] _.-_’14_7(1'!_-(_1.4 99) .30‘66 (15.19)
Hexaconazole + y 4 en
_ Irichoderma(ry | T | lnimnesy | e tiaen
P. fluoresceny 1 | 2748 : 1358 (14.61) 15.34 (14.67)
Trichoderma (Tq) o |

Comml {'[“ﬁ) _._, _ _ 33 22 _
‘ |

Data in parenthests indieate value alter |

37.61 (15.41)
64.74 (16.27)

54.51 (15.95)

13.97 (14.63) _

19.87 (14.83)

11.60 (14.55)

24.58 (14.99)

21.52 (14.88}

12.65 (14.58)

L 451450 [

| N o 200 ransformation

8.97 (14.46) |

CD-2.09

5.44 (1433)
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cent reduction In discase severity was observed in T, (Mancozeb, 35.22
%) and Ti (P. fluorescens, 33.86 %) and more than 20 per cent reduction
in Ty (Trichoderma. 20.43 %), Ts (Mancozeb + P. fluorescens, 29.79 %)
and T- (hexaconazole + P, fluorescens, 24.70 %) while the reduction was
less than 20 per cent in Ty (hexaconarole + Trichoderma, 17.78 %), |,
(. Hluorescens + Trichoderma. 13.58 %) and Ty (Control, 4.51 %5},
When the observations were taken three months after sceond round
of treatment a simifar trend was noticed.  The LRD increased by 39.02
per cent in Iy (absolute control) while in other treatments there was a
reduction in discase severity. Above 30 per cent reduction was achieved

i

i s thexaconazole. 39.03 %) and 15 (P, fluorescens. 34.91 %46). above
30 per cent reduction m Ty (Mancozeb, 33.83 %), Ts (Mancoveh

' Huorescens. 3333 Yy and 1= (Hexaconazole = P fluorescens. 30,06
%o) und above 20 per cent reduction in Ty {Trichoderma, 21.33 %) while
the disease reducnion was less than 20 per cent in Ty (Mancorzeb +

o1 Ty {(Hexaconazole + frichoderma. 14.06 Yy, T,

Trichoderma. 12,73
(P Auoreseens U Trichoderma, 153.34 %) and T, (Control, 8.97 %),

[ data after the Tast set of treatments indicated that there was
56.25 per cent tnercase in disease severity in Ty (absolute control) while
in all other treatments disease was reduced to various degrecs with the
maximum reduction in 1> (hexaconazole, 64.74 %) and lowest reduction
in I tcontrol. 5.44 %). The reduction was more than 30 per cent in T,
(P. fluorescens, 54,51 %) and T1 (Mancozeb, 37.61 %) and more than 20
per ocent in 15 thexaconazole + P fluorescens, 24.58 %) and Ty
(hexaconazole and Trichoderma. 21.52 %) while the reduction was less
than 20 per cent in Ty (Trichoderma, 13.97 %). Ts (Mancozeb
P fluorescens, 19.87 %), T, (Mancozeb + Trichoderma. 11.60 %) and 1.

(7. fluorescens + Trichoderma. 12.65 %).
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5. DISCUSSION

Combined leaf rot — root (wilt) discase incidence in coconut is a
unique example of fungal — phytoplasma disease complex threatening
coconut cultivation. the backbone of agricuiture in Kerala. A fresh
insight is cnvisaged in the present stuay to analyse the ctiological nature
of LRD and 1o evolve a sustainable management practice to tackle the
discase.

The pathogens associated with LRD were isolated from coconui
palms from different parts of five districts of southern Kerala viz..
Kottayam. Allapuzha, Pathanamthitta. Kollam and Thiruvananthapuram
during three seasons of the vear (June — July, November  December and
March  April. 2001 - 2002). A spectrum of seven different fungt were
Isolated and found 1o be pathogenic in initiating LRI} on spindle of
coconutl in these arcas. The results of tsolations from Kottavam district
showed that both Caolletrichum gloeosporioides and Fusarinm spp. were
invelved in causing the disease during June - July and November
December periods. while Fusarium sp. was more frequently isolated
from LLRD lesions during March — April (Table 1). Many ol the earlier
works (Srinivasan and Gunasekaran, 1993, 1996¢, 1996a. 2000a) also
indicated that . gloeosporioides is the major pathogen of [LRD
responsible for initiating the infection during the rainy scason in the
presence / absence of other pathogens while Fusarium spp. predominates
during summer season resulting in aggravation and perpetvation of the
discasc. Exserohilum  rostratum  was  isolated along  with
. glocosporioides and Fusarium sp. only once during November -
December. According to Srinivasan and Gunasckaran (1996d) also.
association of £ rostrarym with LRD was less frequent compared to
. glocosporioides and Fusarium sp. Gliocludium roseuwm was isolated

from a palm at Kumarakom during November—-December and
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March — April and thus its etiological role also in the causation of [LRD
was proved. Gliocladium roseum / G. vermoseni, had been documented
as a major pathogen of LRD by different workers (Menon and Nair,
1948: Mishra ef «f.. 1989; Srinivasan and Gunasekaran. 1993
Sathiarajan et al., 1988}, The repcated isolations of Scyralidium sp.
from Changanacherry showed the possibie ctiological role ol ths
hitherto unrcported fungus in the leaf rot disease complex. Curvufaria
sp. was isolated during March - April from one location and 1ts
puthoyenicity was proved. However, its etiological role 1s doubttul since
the orusanism had not been isolated frequently and it failed to produce
any syvimptoms on uninjured leaflets during artificial inoculation studices.
Further. its pathogenicity and etiology had not been proved although. 1t
was previously isolated from LRD atfected leaflets of coconut (CPORIEL
POSSh . srintvasan and Gunasekaran. 1994b, 19964)

1The data trom Alapuzha district {(Table 2) also reiterated the
combined ctiological role of C. glocosporioides and Fusarium spp. i the
initiatton  of LRI during rainy  season  while infection by
C. glocosporicides subsides during post monsoon and Fusarium spp.
predominated subsequently. Further confirmation on the etiological role
of Scvralidium sp. was obtained from this district based on its repeated
isolations from Moncompu during rainy season and later.

The repeated isolations of C. gloeosporioides and Fusurium sp.
from one location and Cephalosporium sacchari and Fusarium sp. {rom
another location 1in Kollam district during all the seasons of the vear arc
further prool on the major role played by C. glocosporioides and
Fusarium sp. in the etiology of the disease (Table 3).

The results in Thiruvananthapuram and Pathanamthitla districts
are also not different from that of other districts (Table 4). The
consistent isolation of . gloeosporioides and Fusarium spp. cither alone

or in combination reconfirmed the earlier reports of their primary role in
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LRI} incidence {Srinivasan and Gunasekaran, 1993, 1994, 1996a.,d and
199097,

The most frequently isolated pathogens from LRD infected
coconut palms during the rainy season were (. glocosporioides and
Fusariwm spp. (Iig. 1). The frequency of isolatien of (. glocosporioides
decrcased during November-December and March-April. while that of
Fusariunm sp. progressively increased with summer season. This is in
conformity with the carlicr observations of the primary ctiological role
ol (" glocosporioides during rainy scason and its subsequent loss of
prominance when monsoon subsides (Srinivasan and  Gunasckaran.
1996d). The present study further points to the fact that Fusarivne spp.
are as intimately associated with the disease with the same magnitude
and trequency as that of (. gloeosporioides during the rainy season also.
Its pathogenie role was further strengthened as the ramy scason cnds.
Fusariunt sp. then became the principal pathogen during the summer.
while (. glecosporioidey  probably  undergoes  quiescent  phase
(Srinivasan and Gunasekaran, 1996d).  During the subsequent rainy
scason. s LRD initiated by . gloeosporioides is intensified, infection
by Fusarium spp. probably take a supporting role. However, it was
Fusarim spp.. which were associated with LRD lesions to the maximum
extent followed by (. glocosporioides and hence based on the present
study. Fwsarium spp. and C. gloeosporioides are suggested as the major
pathogens of LRD.

Further. the study also elucidated a hitherto unreported fungus
Scytalidium sp. as a possible etiological agent of LRD in certain
locations. All other fungi were associative in nature and aggravated the
severity of LRD.

Data on the pathogenicity studies based on the time taken for
symptom expression and development of lesion size (Table 5 and &)
indicated the ctiological role of six out seven diffcrent pathogens tested.

in the initiation of LRD symptoms. Tt can be observed that the minimum
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time taken for symptom expression afler inaculation with or without
mijury - was by Seywwlidivm sp. (5 and 7 davsy  foliewoed by
O glocosporioides (4 and 7 days). Eorostration also took ess timie for

fesion desclopment when compared to the other orgunsmis o ol 8

Javsy, Srinivasan  and  Gunasekaran  (1vvday also ooserved tha

roctradnm dovelopad feni ol symproms refativedy st o v
to & levosporioides and Gliocladiva vermoesent. This binde e - o
dhe promary pathogenie rote plaved by these fungi i vhe RS Tolile oo
e comparatively larger fesion size produced by Soyradna v w0 oo
Fooroseraim further contirms the above finding.

o detadled dsolanons and the subsegoent pathoeonits e
potiied our that different fungr were invaived o the tiabion o
Purthor sovravatton of LRIV o coconul oo wilierent bocwtions b
arimary oathogenie roge craaed ciiher angle oroaa comaation:
other funed aiso varted o shiferent tocaliues This i an coonpie s
muore et one fungl are snvolvad mothe nciacnce of o disenne i

diticrens roups of funei cadse the same discuse iy diliercor veaie

scasens, 1t could be probabte that the highly suscoptible spindle of v
fwilsy attecied palms are predisposed to ivivetion by LR puthosors
SimiTar pastulations were also indicated by Srinivasan or o0 190UN
Fhey opiaed that the palms weakened by phvtopfasma with gccompaitivd
physio-chemical changes n the hosto resulted 10 breakdown ol defonse
mechanism, ot the host predispostog it to LRI infection The teer thai
Jore than 63 per cent of root (wilt) alfected palms are super nmposo
with LRD incidence further confirms the above arcument. bventhoush
scattered reports of the vccurrence of the LRD on non RWH ;m?n':r; e

)

there 11 18 not seen in large scale on onon raet pwelt aiteoied pulns

Hence LREB maidence could be initiated by ditferent. compuaratinei
weaker  fungr in different regions of RWD-LRD cudemic wroas,

However, the mference require further proot os ihe padime o the aroass

mveatigutions were not subjecied 10 RWD-LRD ovaluiiion,
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Detailed symptomatelogy of LRD recorded in the field during the
present studyssimilar to the earlier reports (Menon and Nair. 1951..
Srinivasan, 1991 and Srinivasan and Gunasekaran, 1992. Srinivasan
et af.. 1998, Koshy, 1999). The grcen house inoculation trials with
detached healthy leaflets of unopened spindle of coconut exhibited
difference in the sequence of development of symptoms. In the field
condition [LRD incidence is initiated and aggravated by diverse
etiological agents under the influence of varying envirenmental factors
over 4 period of time unlike iaoculation experiments under controlled
green housc condition where such variations in symplom expression can
be expected.

The comparative virulence of eight isolates of O glocosporioides
and 12 isolates of Fusariwm spp. were estimated based on the lesion size
and time taken for the lesion development. The results indicated that
there were great differences among the different isolates developed rom
different regions on the tuime taken for lesion development and lesion
size. Thus isolates Cy. Ch, Cyand Cg of O glocosporioides, ¥ bz Fyand
Fiy of Fusarium spp. and S, of Scvtalidium sp. were categorized as
highly virulent isolates based on the time taken for symptom expression
and larger lesions developed by them.  The study also showed
subsequently that Fy, Fy and Fy isolates were identified as /. solani and
F iy 1solate as /. moniliformae which proved that F. solani is the most
prevalent torm of Fusarium spp. associated with LRD. [t is clearly
documented that fungi exhibit greater variability in different regions
with regard to their pathogenicity and other characteristics, which
determines the predominance of isolates in such arcas (Pande ef af.,
1991. Mathur. er ¢/, 2001). The existence of such variability results in
the evolution of highly virulent isolates capable of causing cpiphytotic
outbreaks of LRD and greater economic loss to the farmers. Further.

characterization studies on the variability and grouping of these isolates
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using modern molecular techniques is needed for betier understanding o
these pathogens.

The scven pathogens, which were isolated and pathogenicity
proved, were further characterized based on morphological and cultural
characteristics.  The characteristics of C. glocosporioides observed
during the present study were similar to those given by Sutton (1992)
and descriptions of Seytalidium sp. was suited with that of Ellis (1971).
The cultural and morphological characters of Clsacchuri. (. rovenn and
Curvadaria sp. were matched and found to be similar to those reported by
Subramanian (1961). The various isolates of Fusarium spp. 1solated and
characterized in the present study were identificd as /0 solani,
Foomoniliformae  and FoOooxysporum, based on their morphological and
cultural characters and on comparison with descriptions of these specics
by Scifert (1996},

I vitro interaction study of different fungi associated with leat rot
showed that there was no strong inhibition or antagonism among the
major pathogens of leat rot. Thus C. glocosporivides had grown and
freely merged with that Fusarium solani. E. rostratum and Scvialidium
sp. Similar was the case of F. solani along with Seyrafidium  sp.
However slight growth inhibition was noticed when £ rospratum was
grown in presence of F. selani and Scytalidium in presence of
£ rostratum. Hence 1t can be persumed that the major pathogens such as
. gloeosporioides, Fusarium solani, E. rostrarum, and Scytalidium sp.
are more associative and synergistic in nature rather than antagonistic at
the site of infection. Many of these fungi which were isolated from leaf
rot infected spindles in combination underlines the veracity of this fact.
Similar type of interactions were also noticed by Srinivasan and
Gunasckaran (1995b) between these pathogens. The growth suppression
or growth inhibition of fungi such as Cephalosporium succhuri,
G.oroseum and Curvuelaria sp. by major pathogens indicate that their role

i LRD development may be secondary in nature.
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The results of the combined inoculation of various pathogens of
[.LRD in detached healthy leaflets of spindle (Table 11) showed that
quicker and larger lesions were produced by combination of /2 rostratum
with other lungi such as Seytalidium sp. Curvularia sp. €. secefrari and
(;. roseum; combination of  Fusarium solani with [ rostratum and
Sevialidium sp. with O saccheri and Seytalidium sp. with O sacchari.
;. roscum and Curvidaria sp.. Scytalidinm sp. produced symptom
cxpression with the sume speed when inoculated alone, but £ rovtratin
and Fusarivm solani took more time o produce the symptoms when
inoculated alone.  MHence it can be inferred that the carly syvimptom
expression by combined inoculation of the above pathogens proved the
involvement of moere than one pathogen in initiating the mnfection and
severty of LRI,

The results ol the study on the biocontrol potential ol scven
cultures ot frichoderma sp. agamst O, gloeosporioides, Fusarinm sp.
and £ rosoratum in vitro indicated that all the cultures variced greatly i
exerting their antagonistic cffect on the pathogens (Fig. 2). Most
signilicant cffect on the suppression of pathogen was exerted by Ty
culture ot Yrichoderma sp. against C. glocosporioides, Fusarium sp. and
E. rostratum. Evaluation of these cultures by leal bit assay (Table 12)
further reiterated the higher inhibitory effect of Ty culture against these
threc pathogens, particularly in reducing the lcsion size. The biocontrol
potential of different species of Trichoderma against important plant
pathogens is amply highlighted (Harman and Taylor. 1980: Haran er af..
1995: Harman. 2000). It is also well documented that different isolates
and species of Trichoderma differ greatly in cexerting the antagonistic
cffect against various pathogens under diverse environmental conditions.
Screening and sclection of the most efficient isolate is crucial in the
success of any biecontrol programmes. In the present study, although
culture Ty and T, were found 1o possess similar antagonistic ability.

since Ty grew better tn in vitro condition it was sclected For further study



Percent inhibition

O C. Gloeosporioides OF solani OE. rostratum

T2 T6 T9 T10 T11 T12 Tk

Fig. 2. Antagonistic potential of different Trichoderma isolates against 3 major leaf
rot pathogens
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Among the 29 isolates/cultures of P. fluorescens lested against
(" wlocosporioides, Fusarium sp. and E. rostratum. Ps; culture showed
the most significant inhibitory effect although a few other isolates were
also found to possess excellent antagonistic property against these
pathogens (Fig. 3). The results of the leaflet bit assay with selected
1solates of 2. fluorescens on the development of LRD syvmptoms by the
maior pathogens also indicated that there was delay in the development
of symptoms. Maximum delay was noticed with Ps; culture. It further
reiterated the biocontrol potential of selected 1solates of P fluorescens in
delaving the development and severity of symptoms. The biocontrol
potential of fluorescent pseudomonads has been highlighted by several
workers in the past {Howell and Stipanovic. 1979; Kioepper. 1983: Mew
and Rosales. 1986: Sakthivel et al., 1986, Hammer, ¢r «f.. 1997}
Fluorescent pscudomonads have the ability to establish last and produce
a varicety of secondary metabolites which play an important role in plant
discuse suppression. The exploitation of fluorescent pseudomonads in
the integrated management of LRD of coconut was investigated by Grupta
¢t af. (2000). Their in vitro study indicated the inhibitory cffect of
sclected  isolates of P fluorescens against . glocosporivides and
E rostratum.. The unique antagonistic ability of Ps; culture exhibited
against (. glocosporioides, E. rostratum and Fusarium solani in present
study both in vitre and leaflet btt assay is indicative of its inherent
capacity as a potential biocontrol agent against LRD. Hence Ps; culture
was sclected for further evaluation in the field along with other
components of integrated management against pathogens of LRD.

The compatibility of Trichoderma sp. (To) and P. fluorescens (Psy)
wis tested fn vitro to evaluate the suitability of combincd delivery of
these two bilocontrol agents in the field. The results indicated that the
fungal antagonist (Ty} was inhibited by the presence of P. fluorescens.
Similar observation of antagonism between biocontrol agents have been

detected by other workers as well (Hubbard ef of.. 1983 Bin ¢f «f.. 1991
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Fig. 3. In vitro evaluation of antagonistic potential of P.fluorescens against
major pathogens of leaf rot
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and Varshney o af.. 2000).  Compatible interactions were also nol
uncommon {Dufty ef ¢l.. 1996). Hence it can be inferred thut the Lype of
interaction fs governed by inherent quality ol individual blocontrol
duents and cvaluation of the interaction is u prereguisite boelore o

cecommendation bused on a consortium ot brocontro! avents 1s made,

fho Bioassay ol commonly usod
¢ vlocosparioides. Fosarium solani and 1 rosoraoens s dierest
concentrations revealed  ithai hexaconazole und  propiconceroie wes
bichiv cffective in mhibiting  the mycelial growth o these threc
puthovens ot all concentrations (Fig. 4). Although Carbendarvim was alse
on par with hexaeonazole and propiconazole with regurd 1o its tabibitig
rospeonse o O dlocosporioides and FLosolani 1 was comparativet e
citective auminst £ rostrafum. The fungicidal offscac, of Dosacomisein
apatnst wdges paithogens of LRI wes evaluated fo viirn oo Soimi oo
and Gunesceiaran (1998) and they showed that Rexavonusoie oxencd
oxecilent lungrcidal properties against O glocosporioides b vosirating,
Gliocladiveg: cormoesenis Foosodani and Thiclaviopys parodoxa. Koshin
cioado (2000 abso highlighied the efficacy of hexaconnzoie i Leid
controb o TRD when apphicd along wiih phorate, Fhicher fungicidal
cllicacy ot mancoreh against (. gloecosporioides and & roviratum wis
also noted in the present study., Mancozeb has been recommended us
important and effective fungicide in sequential spraying against LRD or
coconul (Srinivasan and Gunasckaran, 1996b: KALL 1996 [t was also
recommended for LRD  management alternating  with  hesaconazote
(Koshy. 1999y The comparative olerance F rovfrarunr zyainst
carbendaznm nax been noticed earlier (Sathiarajun. 1988). Buased on the
results ot biodssay of (he various tungicides tested and recognizing the
recommendations of Srinivasan and  Gunasckavan (29000 tor (R
munagement. hexaconazole and mancozeb were chosen tor cvaluation in

the freld treat
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Fig. 4. Efficacy of common fungicides against major pathogens of leaf rot
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Results of compatibility study of sclected fungicide with selected
antagonists used for the present study showed difterent degrees of
interactions, There was no mhibition of growth of Trichoderma sp. by
mancozeb while hexaconazole completely inhibited the radial growth of
this tungus. Hence 1t can be concluded that Trichoderma 1s compatible
with certain types of fungicides and incompatible with others. Henis ef
al. (1978) noticed an additive effect on the control of damping of radish
when PONB was added along with 70 farziagnum.  Similarly Inde and
NMukopadhyay (1990) reported that metalaxyl had no inhibitory action on
radial growth of 7 harzianuni. At the same time Sharma ct al. (2001)
and Bhatt and Suabalpura (2001} reported that carbendazim nhibited Y0
per cent growth of T2 harziannm. Based on the compatibiliny test it was
concluded that mancorzeb could be delivered along with Trichoderma for
mtegrated management of [LRD while a waiting period of a minimum of
153 davs was required Tor the delivery of I'richoderma sfter hexaconazolc
application.

Study on the compatibility ot P fluoresceny and fungicides
showed no mhibitory effect. Since P fluorescens and the fungicides
were compatible 1t was decided to apply the biocontrol agent and the
fungicide by combined delivery.

During the start of the experiment the discase severity in the
experimental plot ranged from 21.8 to 41.8 per cent. When the discase
estimation was taken for a continuous period of one year the diseasc
severity In the untreated control palms increased gradually. This clearly
proves that if management practices are not followed the diseasc
intensity will increase resulting in subsequent yield loss.

All the palms which were treated with different fungicides and
biocontrol agents showed in substantial reduction in the diseasc
intensity. However. the extent of disease reduction varied from
treatment to treatment. ‘The highest reduction of 41.533. 39.05, 64.74

per cent in discase intensity over the pretreated data was noticed after
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the 170 2" and 3™ application with hexaconazole (Figo 33 This sugpest

that hexaconazole is a very effective fungicide in the swanagemeni ol
LRD. Ettectiveness ol hexaconazole in the nanagement of LRI las
heen amply demonstrated (Srinivasan and Gunaseharan, 980 2000h:
foshiv, 1099 Koshy er of 0 20000

Muancozebo the other fungicide tried. also reunced the discis
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mtensity cventhough o a desser extent compared to hesaconusoice. |
reduction o discase afier the 17 (3322, IR and A 3T a0
spraving did not o shaw o progressive suppression s ohsorved il
hexaconazole,  Hexaconazole being a svstemic fungicide could protec.
the emorging beailet better than the contact fungicide moncesel. the
clticaey ol dwacoseh was also substuantiated by previouas Hindiegs
Usrieiyasin wind Coinasclaran, 1996b: Koshy o of L 20020 K A0 100Gy
Phe tao Drecential agents tned wlso decercased tho disenag
severity, The discuse suppressing abilite of 20 fluorescons was oy
pronetnecd widi toae. teo months aiter apphication disease roduction

' m

wis o only o 23 E0 compared to 34T und 34051 atter 2 and v
apphcaiton. During the minal perted the reduction was ess probahly
Dredise the organism aced more time to get established and huidd up the
popuiation. Fhe mhibitors role or £ fluorescens against LR pathogens
cventhough was proved and found effective under i vifs o condition. this
1s the first repore where 1t has been used suceesstulls under field
condion. The LRD inhibiting ability of Trichoderma was less than thas
of the tungicides and 7. fuorescens. Further. after 2™ (21.33) and 3%
(13.97) application the discase reducing ability of Trichodernia slowly
decreased. Under in virro conditions also Trichoderma could inhibit the
ERD pathogens only 1o o lesser extent compared Lo 2. fluorescens. § s
probable that the pathogen could outcompete the biocontrol avent and
multiptication ol Trichoderma might have been reduced due o other

ey cnvironniental condition,
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Efficacy of fungicides and biocontrol agents against leaf rot of coconut in the field
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The combined application of biocontrol agent with fungicide was
not as cttective as that of their individual application. Inhibitory naturc
of fungicide on Trichoderma and P. tluorescens to varving degree has
been proved under in vitro.

Phytosanitation alone. without fungicide or biological control
agent application, marginally reduced the disease. By phytosanitation it
1s possible (o reduce primary imoculum of the pathogen available for
fresh infection of newly emerging leaves.  Thues. the study clearly
showed that it 1s possible to reduce the severity of LRD to more than 50
per cent in the ficld by repcated apptlication of hexaconazole or

P. fluorescens combined with phytosanitary measures.
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6. SUMMARY

A detailed study was undertaken to investigate on the ctiological
role of diffcrent fungi associated with leaf rot of coconut in Kerala and
to cvolve a suitable integrated management strategy for managing the
disease,

Extensive asolations of pathogens associated with [LRIY were
carricd out from five districts of Kerala viz., Kottavam. Alapuzha.
Koltam, Pathanamthitta and Thiruvananthapuram districts during three
scasons of the year vic.. June - July, November — December 2001 and
March  April 2002, Pathogenicity trials showed that seven dilterent
fungi viz.. Colletotrichum — glocosparioides, Fuscrium snp.
Cephalosporitm  sp.. Fxserohilum rostratum. Gliocladivm roseum.
Seytalidizm  sp. and Corvidaria sp. owere assoctated  with LR,
. gloeosporioides and  Fusarium spp. were common during  rainy
seasons in most ol the focations.  Infection by (0 glocosporioides
subsided after monsoon  scason and  Fusariim  spp. predominated
subsequently. Associration  of  Erostratum. Cephalosporivm  sp..
G. roscum. Scytalidivm sp. and Curvularia sp. with LRD were also
observed in certain locations. Based on the frequency of iseolations and
the pathogenicity tests. Fusarium spp. and C. gloeosporioides were
contirmed to be the two major pathogens of LRD. The study also
identified. tor the first time. the involvement of fungus, Scyralidium sp.
on the ctiological role of LRD,

The results of anoculation studies of these fungl on detached
healthy spindle leaflets showed that injury (pin pricking) favoured early
devclopment of symptoms. Among the various pathogens. Scyralidium sp.
and . glocosporioidey produced faster and larger symptoms.

The various pathogens isolated from LRI lesions were further
studicd  and  identified based on  morphological and  cultural

characteristics. Thus the three Fusarivm spp. isolated were identified as
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F solani, F. moniliformae and F. oxysprorum and Cephalosporiun sp. as
C. sacchari.

Detailed symptomatology of the diseasc was studied both in
natural condition as well as by artificial inoculation on detached leaficts
of healthy spindie.

The different isolates of (& glocosporioides. Fusarinm spp. and
Sevralidium sp. obtained from various locations exhibited variation in
virulence and based on the time taken for Iesion development and lesion
size. these isolates were grouped as highly virulent, virulent and mildly
virulent. 7 solani was identified as the most virulent form of
Fusariwm spp. associated with LRD.

The in vitro miteraction study of the seven fungal pathogens
associated with LRD showed that there was ne strong inhibitory or
antagonistic activity amony these organisms and they were more ot
assoctative in nature. Combined noculation ot ditferent 1.RI) pathogens
on detached spindle leatlers showed that quick and Jarger lesions were
produced by . rostratum and Scwialidium sp. in presence of other
pathogens signifying the inination and aggravation of LRI by more than
one pathogen.

Among the various isolates of Trichoderma sp. and P. fluorescens
tested in vitro for their antagonistic potential against O gloeosporioides.
F.solani and £ rostratum, culture To of Trichoderma sp. and Ps; culture
of P. fluorescens exhibited excellent antagonistic properties against all
these pathogens uniformly. Hence To of Trichoderma sp. and Ps; of
P. fluorescens were chosen as biocontrol componcents in the integrated
management of LLRD in the field,

Study on the interaction between selected fungal antagonist (1)
and bacterial antagonist (Ps) up on dual culture showed that Psl culture
was strongly antagonistic to Ty culture of Trickoderma sp. Hence both
biocontrol agents arc not suitable for combined delivery in the integrated

management of LRI,
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Bioassay of commonly wused fungicides against the major

pathoyens of LRID (0 glocosporioides, £ rostratuns and I solanry hud
shown that hexaconazole and propiconazole completely inhibited vrowih
of alb the above pathogens at all concentrations  tosted, Hirahor
conventragion ol mancozeb and copper osyviehlonde also had sl

U However, carbendasim Jdid not show muarked fungiosdng soi i

diost 0 rostrgiiin, Considering the overad periornu

Pungrordes e virn andg the package of practice secennmendiony,

hoxnvonnsole and masenscs were selected Tor b ntearanad e
manneement of LRI

Study on the compratthiliny o selected antagonists and soiooied

vingscrdes revealed thao 1o caltare of Trichoedern s was companibic
mancazobh o oand Paocaltare o 0 Fluorescens v comiputiyo w0y
coobc qnd hewarongycio and mence thelr oo im0 e i
s At N dSe iy annd AenCe DIr coaee i v G
0 Faaed sdctivers Howeser Trichoderp <p wan 001 cwms i s

with o oacoiazole ws tiie iungiande completeiy rdnonied dhe Vs
NESVITRESH
Pheoresuatts of the Geld experiment on the intewrited manazesiost

v bost ret ol coconat fughil

ahted the signitficance of poviosanttale:s &
dauinieving satistaciors feved of control. Among the Larious freaimn onts
cipioyed application of hesaconazole resulted in greater reduction ol
discuse severity. Based on the field experiment, it 15 recommuended that
phytosenitation Toltowed with  application of  hexaconavele can be

adopied for substantial reduction in the severity of LR}

o
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8. ABSTRACT

The study entitled as “Integrated management of feal rot of coconnl”
wiis conducted at the Department ol Plant Pathology. Colicge of Agriculine .,
Velluvwnr ond tield trial was conducted at RARS, Numarakom. bxtensive

o ddthogenicity and  characterization  siudics b the pathorens

ussoviated cwvith dest rol dnfectad spindle fead of coconut from differe
regions ol five southern districts of Kerala revealed thar Colletorriciiom
dlocovparinides Fuwarfwn sofenic Fousarivm,  mowniliformae,  Fososios
oxvsgarune ophatosporivm secchari Exserohilmn cosiraren, Gliveludin:
Fecvorr Sonaalidiem s and Carvidaeia sp. plaved slgndticant role i the
cticlog. o0 PRI Based on frequencs of selations, Fevariin: pyl ool
O glovasporioldes were dentitied as major pathogens o LRI i these e
e oresent ~tedy constitutes the tirst report of tie ctoioateal role o
Neviadidisa s ia cut rot meidenee.

Numptomatodoey of the disease based on natura! racidence o the fichd
ad  apon artficil necwdation  were  clearly  describold. The i o
mtercetions of different dual combinations of LRD pathogens were found o
be predominantly associative rather than inhibitory in nature. The rapid
eston development of certuin dual combinations of the pathogens upen
artificial  tnoculation further signified the associative nature of  these
pathovens.,

Lxtensive in vitro sereening and leal bit assay of difterent antagonistic
microorganism dentified Ty colture of Trichederma sp. Ps; culture of
Psendomonas flyorescens as two potentiat agents against vhe major pathogens
of LRD. The in vitro interactions study of the selected fungal and bacteriud
aptagonist showed that both are incompatible and hence unsuitable tor

conubined delivers s Bioassay resuits showed that fungicides bexaconarole ond
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propiconazole completely inhibited the growth of (. glocosporioides.
E. rostratum and F. solani while mancozeb was more effective at higher
concentrations. None of the fungicides was inhibitory to 7. fluorescens while
Trichoderma sp. was inhibited by hexaconazole and hence the fungal
antagonist was unsuitable for combined delivery with the fungicides.
Evaluation of different components of disease management indicated that
phytosanitation coupled with hexaconazole application was effective in

reducing discase severity of leaf rot in the ficld.
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APPENDIX -1

1. Czapek’s agar

Sucrosc - 30¢g
NaNO; - 2g
KHHPO, - 1g
MgSQ, 7H-0 - 0.5¢g
Kl - 0.5¢
eSO, - .01g
Instlled waler - 1
Agar - - l8g

2. Porato Dextrose Agar

(PDA)
Potato - 200g
Dextrose - 20g
Agar - 20g
Distilled water - Il

5. Potato Sucrose Agar

(PSA)
Potato water - 500 mi
Sucrose - 20g
Agar - 20g
Distilled water - 500 ml

4. King's medium B

{KMB)
Peptone - 20g
K-.HPO, - 2.5g
(ilycerol - 15 ml
MpSQOy 7H;0 - 6g
Agar - 15g

Water - H



