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Integrated management of Phytophthora 

diseases in • spices 

India is considered as the land of spices and the varying climates from tropical 
to subtropica l to temperate favour the cultivation of one or the other spice 
crop. The most popu lar, export- oriented and most frequent ly used spices are 
b lack pepper, cardamom, chili, cinnamon, clove, nutmeg, mace, vanilla and 
seed spices such as coriander, cumin, fennel, and fenugreek besides herbal 
spices. The ma jor production constraint in some of these spices is the diseases 
caused by Phytophthora . Spices are h ighly targeted by Phytopthora spp. causing 
serious havoc during monsoon season. Since they are export oriented and 
fetch a ma jor portion of foreign exchange, the crop loss due to Phytopthora 
spp. leads to severe economic imbalance to the country. 

Phytophthora infection on black pepper, (a) foot rol affected vine; (b) defoliation due to fool rot; 
(e) sporangia of Phytophthora 

A RANGE o f Phy tophthora spp. h as b ee n 
do cum e nted in d iverse locatio ns of Ineli a in 

assoc iat io n with di sease s of spice crops (Table I). 
Most of th ese di sease s have both, so il and air­
borne phase a nd occ ur with the onset of so uth -west 
monsoon. C ropp ing sys tem and microclimate fav our 
the incidence a nd spread of the se disea ses. 
The disease s can be managed onl y wi th th e adoption 
of integrated managemen t strategi es rat he r th an 
ado pting indi vidual diseas e co ntrol m easures. 

BLACK PEPPER 

Foot Rot 
Foot rot IS t he most dreaded di sease of b lack 

pepper (Pip,,· lIigr"m L. ) . On a g loba l sca lc , an 
annual crop loss of around 4.5 -7 .5 mi lli o n has bce n 
reported clue to foot rot alone. In India , t he di sease 
makes its appearance l1uinl y d urin g the sO llth west 
monsoo n (june-September ). Al l parts o f the vine leaf, 
stem, root and spi kes arc vulnerable to in fect ion. 

Ta ble 1. Phytophthora occurring on spice crops 

Malo r s pice Family 

Block pepper (Piper nigrum l.) Piperoceoe 

Cordomom{Eletfario cardomomum Maton) Zingiberaceoe 

Vanilla( Vanilla p/onifo/io Jacks. ex Andrews) Orchidaceae 

Fennel (Foe niculum vulgare Mill) Apiaceace 

Chilli/Capsicum (Capsicum annum l.) 

Coriander(Coriandrum sotivum l.) 

Parsley (Petrose/inum crispum (Mill) Fuss) 

Betel vine (Piper betle l.) 

Solanaceae 

Apiaceace 

Pipe roceoe 

ds to th e entire v in e durin g the interm ittent 
Lh,'W"lS due to ra in splash. Wh en the main ste m a t 

e ground leve l o r a t the co ll ar regio n is infec ted , 
e entire vine wilts, fo ll owed by shedding of leaves 

spikes. The branc hes breakup at nodes and the 

to prevent the o nset of infect io n a nd spread of 
di sease. Th e p at ho gen is so il -born e and the 
propag ul es a re pa SS ive ly carried along with so il 
part icles. In black peppe r pl a ntation, infected vines 
se rve both as ino culum source and focus o f secondary 

tire v in e co llap ses 
Th e express ion o f sy mpto m s depend s on th e sit e ithin a s hort period. 

o f infection . T he in fectio n at the co ll ar region results hen th e damage is 
in sudd en death of the vine without exp ression of nfin e d to th e feed e r 
fo liar ye ll ow ing. Infectio n of collar through roots , the ex pressio n of 
results in foliar ye ll ow ing and ultim ately leadin g to sympto m is d elaye d 
death of th e v ine. Th e ex pression o f sy mpto ms is the ra in ceases and th e 
prolonge d when the infection is res tricted to fee der 'ne s tart s s h ow in g 
roots and in such cases, th e affected vin es survive ' ning sy mptoms such 
fo r m ore than three yea rs. Infec ti o n on the foli age ye l loW in g, willin g, 
occ urs during th e south west m onsoo n season and Ii at io n and dry ing up . 
starts on th e tender runn er shoots whi ch gradu ally is may occur durin g 
spLeads to the upper portion of th e vi nes through c.lo b e r _ Nove m b e r 
rain splashes. Adjace nt v ines get infec ted through nths. These vines may 
wind dri ve n spo res ca rri ed in ra in sp las hes. l " ' m ' M after the rain and 

Fo li ar infec ti on is c h a racter ized b y th e for more th an two 
appearance o f black spo ts on th e leaves which have asons till the ro o t 
ty pica l fimbriation at ad va nc in g margins whi ch clio n culmina tes in 
rap idl y enlarge. Wh en infec ted , the tend er leaves rot and death of th e 
an d succ ul e nt shoot tip s o f fr es hl y eme rg ing runner 
sho o ts trailing o n th e so il turn bl ack an d th e di sease 

Phytophthora spp. 

P. capsid, P.parosificQ, P,po/mivoro 

P. meadii P.nicofjonoe 

P. mead;;, P. polmivora, P.capsici, and P.parasitica 

P. megaspermo P. primu/ce , P. syringae 

P. parasitico vor. pipe rino, P. nicalianae var. parositico . P.porosUicQ, 
and P,pe/Olivora, P. capsid P,citrophthoro . 

Phytophthoro sp. 

P. primu/ce 

P. porositico vor. piperino P. nicotianae var. parasitica . P. c~~sjci, ~ 
nicotianae var. piperina, P. parasitica P. palmivora . P. paras/tlco an 
P pa/mivora 

egrated 
1>1'LnaL~ement 

Disease 

Di"ea.,e free planting 
Most often th e 

." ""J15'"'' are introdu ced 
to the plantation 
vertently through 
tin g mate rial as 

e nt infec ti o n o r 
so il. The rece nt 

agation m e th o d s 
Ivin g so il fr ee 

ium wo uld ensure th e 

,-----------------------, spread. R e m oval and 

Biological Control 

Pseudomonas fluorescens and Trichoderma harzianum 
are efficient in protecting black pepper roots from 
root infection caused by Phytophthoro . Ma ss 
mu ltip lication techniques were standardized and 
formu lations were developed using various organiC 
(sorghum meal, coffee husk, tea waste, decomposed 
coir pith, neem cake e tc.) and inorganic media (talc) 
and as liquid formulations. The latest delivery 
mechanism is through biocapsu les that reduces the 
volume of the product one hundred times. In place 
of one kg talc formu lat ion ten capsules can be 
used . A bioconsortium was also developed with 
potential rhizobacteria. Re ce ntly promis ing 
endophytic bacteria, viz. Pseudomonas putida and 
Baci ll us megaterium were identified as promising 
against P. capsici and proved effective against foot 
rot under field conditions . Actinomycetes be longing 
to the species Streptomyces are also identi fied and 
tested as effective in inhibi ti ng the pathogen both 
in vitro and in planta and in managing the disease is 
also under fie ld eva luation. Field app lication of 
biocontrol agents, viz. T. harzianum and P. fluorescens 
to manage foot rot disease in black pepper has got 
wide acceptabi lity among the farming community 
as it is environme nta ll y safe and economical. 
Biocontrol application has to be repeated for 2-3 
consecutive years to check the prevalence of the 
pathogen and continuous application may also be 
required to maintain the population of biocontrol 
agents. 

d es tru cti on of partiall y or 
fu lly d ead vi n es a lo ng 
wit h roo t systern from the 
garden is n ecessa ry to 
r e du ce the buildup of 
pathoge n ino culum . 

Cultural practices: 
Cu ltur al prac ti ces are 
measures taken before the 
o n se l of m o n SOO n to 
protect th e c ro p s fr o m 
in fect io n by dest ru ctive 
path oge ns as we ll as to 
preve nt the dev elopment 
of pa th ogen in oc ulum. 
Be in g wet weather 
p ath ogen ava il ab ility of 
excess moi s tur e in th e 
ra in y season in th e so il 
is co n ge nia l for the 
path oge n to mu ltiply and 
pred isp oses the roots to 
infec ti o n . Ens urin g 
ad e qu ate drainage 
prevents so il inoculum s 
build -up . Aerial infection 
is fa vo ured by humidity 
build -up and red u ce d 
ca no py temperat ure du e 
to th e shade prov id ed by 
th e supp ort tr ees. Fo liar 
infec tion can be prevented 
by altering th e 

Nut meg & Mace (Myristica (ragrans Houff) Myristicoceae P. cadorum (Java) , P. meadii (Indio) 

tin g mat e rial are fr ee fr o rn pathogens . Th e 
uc ti on a nd di st ribution of health y planting 
'a l is th e fir st s tep in di sease managem ent. 

mi crocl imate at th e ca nopy by lopping off o f th e 
bran ch es of sh ade /suppor t tr ees. Black pepper 
produces succul e nt runn er shoots at th e o nse l of 
monsoo n and trail on th e g ro und . These are the 
ones to take up infec tion fir s t and se rve as SO urce 

Cassia (Cinnamomum cassia lProsl) louroceae P. cinnamomi 

laure l (Laurus nobilis l.) louroceoe P. cinnamomi 
----~------~-------------------------------------------------------------

58 .. Indian Horticu lture 

Pltytosanitation: Ph ytosanitati on is th e prac ti ce 
which th e plantation is hygieni ca ll y maint ained 
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of furth er spread. The freshl y emergin g runn er shoo ts 
should not be all owed to trail on th e ground . It 
should be e ith er prun ed or kee p ti ed above on a 
supp o rt at the onse t of monsoon to prevent th e 
infec tion and spread to the main stem. 

Host resistance: Black pepper originated in th e 
Western Ghats of India and the pathogen has co-evolved 
and th ere is no res istant source in any of th e culti vated 
or wi ld relatives. However efforts made to locate 
re sista nce to P. capsici by scree ning th e germ plasm 
co ll ection s of ICAR-llSR, Koz hikode and a large 
number of cultivars, hybrids, open pollinated progenies 
and wild access ions have res ulted in id e ntifying 
moderately resistant lines an d released as !ISR Shakthi . 
A seedling progeny of !lSR Shakthi viz. 04-1'24 was 
also found to be res istant to P. capsici and is und er 
field evaluat ion. From among the germplasm of Piper, 
related species viz. P. colubrin1l11l and P. arbOrell11l are 
found resistant to P. capsid. P. colubtinum is susceptibl e 
to viru s di seases and the late in co mpatibility deters its 
use as res istant rootstock. 

Chemical cOlltrol: Since this disease occurs during 
monsoon, a fi xed fungicide schedule is being fo llowed as 
a prophylactic method for aerial infection. In disease prone 
areas, prophylactic spraying of 1% BM to all the vines 
with the onset of south west mon soon and drenching the 
plant basins at a radius of 45-50 cm with 0.2% copper 
oxychloride @ 5-8 litres/ vine and repeating this after 
about 45 days is effective in managing the disease. 

Once th e foli ar infec tion is seen, a sys te mi c 
fungi cide like me talaxy l (J 00 ppm ) or potassi um 
ph os phonate (3, 000 ppm) is recomme nd e d . 
A second appli ca ti on of the same ca n be given during 
Aug ust-September or as an alternativ e, fir st round 
with co pper fun g icides and a seco nd tim e with 
syste mi c fungicides during August-Se ptember is a lso 
recommended. A third round of drenching durin g 
October is preferable to chec k th e proliferation 
of the so il born e ino culuITI s in seve rel y disease 
prone areas . Potassium phosphonate is reported to 
move fa st in bl ac k peppe r plant from th e site o f 
appli ca tion reaching the tip and downward s to th e 
root system show ing its amphimobile nature and 
leav es no residu e in the so il. Appli cation of the 
metalaxyl s ix month s pri o r to har ves t was 
recommend ed to prevent traces of metalaxyl re sidu es 
in th e final product. 

Use of certified planting material: As mention ed 
earli e r, pathoge n fr ee planting m a te ri a l is th e 
foremos t requirem ent for th e production o f disease 
fre e planting material. Since th e pathoge ns is so il ­
borne and the propagules ar e passive ly carri ed in 
th e adhering so il particle s, it is recomm ended that 
the planting materials mu st be collected from disease 
free garden s and certifi ed nurse ri es raised preferably 
in di sinfeste d so il to prevent th e sprea d of ino culum 
in a newl y planting ga rden. Go od agricultural 
practices and ph yto sanitation helps to red uce th e 
incid ence spread to a greater ex tent. 

Disinfestatioll of "ursery mixture: Solarization or 
steam sterilization of nursery mi xtu re (so il: sand : 
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FYM- I: 2 :1 ) fo ll owed by fortifi cati on with biological ltytoplttllOra Leaf 
co ntrol age nt s lik e T. harz ian ll 1ll/ T. viride o r p. light 
filloresccns h e lp in prev e ntin g th e build up of Leaf b li g h t is 
pathoge n in ocu lum . S in ce nematode infes tati on is a nother Phytophtlwra 
common problem in nurse ri es, the nursery mi xture nfec tion in 
can al so be fortifi ed with Pochollia chlamydosporia, 'ar damom occurs 
ne mati c id al fungi es pec iall y roo t not nema tode uring the post­
MeloidogYlle in cognita. The mi xt ure can al so be 1Onsoon seaso n of 
in co rporated with ve sicular arbu sc ular myco rrhi zae ctober-November 
viz., Glomus mossae, G. [asdculatum, and Acaulospora nel may even 
laev is, Gigaspora margarita, which are suppress ive of x tend lip to 
nematodes also. an uary -February. 

c 

Earth lin g up is 
a noth e r pra c ti c e 
where th e plant 
ba se is protec te d 
fr o m water 
s ta g nation b y 
h e ap in g soi l 
aro un d th e plant 

C h e mi ca l 
control: Tn 
cardamo m e a rl y 
d etect io n of th e 
di sease and tim e ly 
ap pli ca ti on of 
a d e qu ate pl a nt 
prot ectio n 
meas ur e s are 
imp o rt ant in 

A combin ation of YAM and othe r bioco ntro\ hi c k s had e, low 
agents can al so be used to ge t health y robust pl an ting ight te mp erature 
materi al. Studies on th e rej uve nativ e capacity of nd fog prevailing 
flu orescent pseudom onas in black pepper indi cated uring the winte r 
th e potential of th ese strain s for nursery managenl ent eriod pre-di spose 
of black pepper, espec iall y to protect th e plants from he plants. to leaf 
P. capsici infection. Recentl y Streptomyces species li g h t infec tion. 
we re id e ntifi e d as g rowth promoters as we ll as he infection starts 
biocontro l agents against P. capsici. n th e young and 

Cltemical control: Afte r th e es tab li shment of nopened leaves as 
Phytophthora infection in cardamom. oj capsule rot affected plant; 
b) infected panicle; c) P. meadii causing capsule rot; d) leaf blight 

manag in g cap sul e 
rot disease . As the 
in c id ence o f th e 
di sease is cl ose ly 
associa te d w ith plants in th e nur se ri es, spraying w ith e ith er ate I' soaked 

1% Bordeaux mi x ture an d dr e nchin g the soil atc hes whi ch soon become necrotic and dry off. 
with 0 .2% co pp e r oxyc hlorid e or spr ay cum burned appeara nce is see n und er conditions of 
drenching with me talaxyl - man cozeb 0.1 25% vere infection in the plantations. The disease is caused 
or s pr aying potass ium pho s ph ona te 0. 3% at y P. nicotianae var. nicotianae, which can be easily 
monthl y intervals is recomm end ed for preventing entifi ed from infec ted lea f using water-fl oati ng 
th e incide nce and spread of PhytophtllOra rot in chnique. 
nurse ri es. 

CARDAMOM 
ntegrated Disease Management of Capsule Rot 

As the in c id e n ce of th e di sea ses is clo se ly 
Capsule Rot ssociat e d with monsoon showers, any plant 

Th e di sease is loca ll y known as 'Azhukal' rotection operation has to be initiated prior to 
meaning rotting. Occurrence of th e di sease is noticed nit iation o f primary infection. To ac hieve max imu m 
with the onset o f south we st-mon soon which beco mes rotection from Phytophthora infec tion , the foll ow ing 
severe during Augu st-Septemb er and co ntinu es to an agernent strategies have to be IoJl owed. 
prevail up to Nove mber, d ep e ndin g on rainfall Phytosanitatioll: The cap sule s rot affected 
co nditi ons. Capsule rot IS very common and severe ardam o m pl ant parts serve as th e re servoir o f 
and frequentl y observed in Idukkl and Wa yanad noculum for nex t season's di sease incid ence. Hence, 
di strict s of Kerala and in isolate d pock e ts of emova l an d des tru ction of the infected plant parts 
Anamalai hill s in Tamil Nadu where no plant long with root sys tem from th e plantation is 
protection measures are taken on tinlC. During years ecessa ry to redu ce th e buildup of inoculum. In 
o f heavy and continuous rainfall , severe di sease ardamom plantations, tra shing- a process fo ll owed 
incidence and crop losses has been re ported. 0 remove all dri ed up leaves an d leaf sheath from 

The sy mptom of the di sease appears as water asal portions o f th e plant has to be done regularl y 
soa ked lesion s on yo ung leave s and ca psules which nd at the onse t of monsoon. 
enlarge to spread th e entire capsule a t th e initial Cultural practices: Soil moi st ur e pl ays an 
stages of infection. Infec ted capsul es show dull green "porta nt rol e in the bUildup of in oculums of 
di scoloration which deve lop into rotting. Rotten hytoplttlwra, b es id es predisposing th e pl a nt to 
capsul es are shed from the panicl e em ittin g a foul nrec tion. So water stagnation mu st be preve nted. 
s m e ll. Vi s ibl e sy mptom s of rotting a ppear hi s is don e b y prov iding ad equat e dr ainage 
simultaneously on capsules and leaves or fir st on hann els that reduces th e chance o f multipli cation 
capsule s followed b y le sions on leaves . The di sease f Plty tophtltora in wat e r stagn a nt ar e as. Other 
is cau sed by Pltytoplttltora meadii Mc Rae of A2 mating portant prac ti ce to b e ado pted is to fa ci litate 
type. Prese n ce of so il inoculum , thi ck shade ,n equa te penetration of su nlight by regulating th e 
plantation, close spacing, high soil moisture a~d ve rhead shad e by lop ping of th e branches of shad e 
water loggi ng to ge th e r w ith favorable clim aU' ees. Shade lopping g rea tl y alters th e microclimate 
con diti ons such as low temperature, hi gh relative r the canop y and he lp s in reducing the primary 
humidity and continuous rainfall predi sposes the isease incide nce. Injury to the root sys tem du e to 
cardam om plant to infection. !tural practi ces like di ggi ng should be avoided. 
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monsoon rain s, any plant protection operation has 
to b e initi a ted prior to initi ation of primar y 
infectio n . The first round app li cation of fun gicid e 
shou ld be g ive n w ith th e o nse t on so uth west 
mon soon for whi ch, spray in g 1 % on e per cent 
Bordeaux mixture or simultaneous drenching th e 
plant basin with 0 .2% copper oxyc hl oride prior to 
th e onse t of mon soon is very effec ti ve in des tro y in g 
th e so il inoculum. Thi s co uld effective ly co ntrol 
th e spread of th e di sease. Alternativel y fun gicid es 
like fosety l - a luminum (0.2 %) or potass ium 
phosphonate (0 .3%) ca n be sprayed @ 500-750 ml / 
clump. Appli cation of fungi c id es afte r th e 
cornm c-ncement an d sprea d o f disea se had onl y li tt le 
of effec l. Three round s of Spraying altern ate round s 
of Bo rd eaux mixture and metalaxy l-mz 0 . 12% is also 
e ffecti ve in reduci ng the di sease inciden ce. 

Le af blight infect ion ca n rapidl y sprea d to 
adj ace nt areas and can res ult in severe leaf necrosis 
and leaf drying unle ss the di sease is co ntroll ed a t 
th e initial stage itse lf. One round of fo li ar spray 
with Bordeaux mi x ture I % or potassium phosphonate 
at 0.3 % durin g th e post monsoon season durin g 
September - O ctober is e ffec tive in limiting the 
spread of the di sease. 

Biological cOlltrol: Soil application of T. 
harzianum and Bacillus sub tilis are recommend ed in 
th e biological co ntrol o f th e di sease. 1'. Itarz ianum 
mass multiplied on suitab le carrier media like co ffee 
hu sk or farmyard manure or neem cake may be 
applied at the plant basin s@ lkg durin g May and 
September-October. Soil ame ndments with neem ca ke 
activate th e growth of nat ive Asperg illus, Trichoderma 
and ac tin omyce tes species whi ch are antago ni sti c to 
the pathogen. 

Integrated di sease management is poss ibl e by 
one initi al round foli ar app li ca tion of potass ium 
phosphonate (0.3 %) with two sub sequent round s of 
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oil ap pli cation of Trichaderma harzianum having a 
·fu of 2x IO"/ g. If th e so il is dre nched with co pper 
xyc hl oride or other fu ngicides , Trichadenlla shou ld 
e appli ed onl y a fter 15 d ays. 

Disease resistance: Two cu ltivars eac h of Myso re 
nd Ma labar typ es' viz. MCC 60, 6 1, 12 and 40 
ICRr se lec tion s} were foun d mod erate ly tol erant to 
,\ zhuk al di sease. Planting modera te ly res istant lin es 
re also to so me ex ten d redu ce th e disease in cidence . 
wo culti vars eac h of Myso re and Mal abar types' 
iz. MCC 60, GI , 12 and 40 (ICRI se lections) were 
Dtlnd moderate ly to leran t to Azhuk al di sease. 

VANILLA 

tern and Bean Rot 
Vanilla th e second costli er spice is also not an 

xce ption to Phytaphthora infec tion . Bean rot is a 
cve re di sease in vanilla incited by P. meadi; whi ch 
as al so b e en 
,o lated fr om 
nfec te d le ave s, 
te m and roo ts. 
he di se ase wa s 
ot i ce d in m any 
anill a plantation s 
f Karnataka a nd 
e ral a. Th e 
ise ase appears 
uring th e o nset of 
outh west 
o nsoo n ca us in g 

ott in g o f b eans 
nitiall y, rott in g 
ymptoms deve lop 
t th e tip s of 

from affected beans, stems, leaves and aerial roots. Excess 
shade in the plantations, co ntinuous rains1 crowd ing of 
vines, water logged conditions and presence of Phylo/lltthara 
inoculum in the fie ld are th e pre-disposing fa cto rs for 
the advancement of this disease. Occasionally, species of 
Pltytoplttltora was also found associated with shoot tip rot 
arl.d di e back disease. 

Tip Rot and Die Back 
The symptoms of tip rot or di e back start at the 

funne l like ti p whi ch extends to th e intermodal regions 
resulting in th e rotting of the tip. Disease is caused by 
Pltytopht/LOra meadii in case of Pltytopltt/LOra rot, th e fungus 
forms thick white myce lial cover alo ng the wate r soa ked 
black lesion. 

Integrated Disease Management 
Excess shade in the plantation, overcrowding of vines, 

continuous and heavy rains, waterl ogged conditions and 

l

ea ns, sp rea ds to 
he whol e bunch. 
ffected bean s are 

Phytophthoro infection on vani lla ; (~) stem rot; (b) bean rot 

presence of pathogen 
inoculum in the field 
predisposes the plant 
to infection by 
Pltylopitl/LOra sp. The 
infec tion s can be 
managed to a greater 
extent by removing 
and des troying th e 
infected plant parts 
and mulch during 
rainy season. In case 
of tip ro t, nip of the 
infected tip below 
the next node prevent 
the spread of 
infec tion. Shade 
lopping to regulate 
the overhead canopy 
to allow at least 30-

oft, bro wn co lored and show abundant myce li al 
rowth . In later stages, th e di sease advances to the 
tern , leaves, aeri al roo ts and ex tend towa rd s the 
asal portions. The whol e vine show s decay in g 
ymptoms and th e entire vin e peri she s. The di sease 
, caused by P. meadii. 

Excess shade in the plantations, continllolls rains, 
rowding of vines, water logged conditions and presence 
f Phytophlhora inoculum in the fi eld are the pre-disposing 
ctors for the advancement of this disease. The full y 

nfected bunch 
ails off in 10-
5 
rnilling 
rnell. 

da ys 
a foul 

In 
vanced stages 

f infection, the 
OUing extends 

50 % light to fall on the vines, during monsoon period 
prevents the bUildup of humidity .. Spraying 1% Bordeaux 
mixture and soil drench with 0.25% copper oxych loride 
2-3 times depending on th e severity of infection and as 
prophylactic measure helps to prevent the incidence and 
spread of the disease. Spraying potassium phosp honate 
0.4% is also effective in reducing th e incidence. 

Phytopiltltora on Tree Spices 
Nutmeg (Myrislica fragra1lS) is one of the major tree 

spi ces prone to 
th e attack of 
Pltytopltt//O)'{/. It 
is cultivated as 
an intercrop in 
coco nu t and 
arecanut 
ga rd e ns. Th e 
p la nt is 
susceptible to a 
numb er of 

th e stem and 
aves also. The 
thogen could 

, iso lated Phytophthora infections in nutmeg : (a) leaf and fruit fall' (b) leaf infection di seases of 
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which frui t rot caused by PAylopilt/lOra species is a severe 
problem. The di sease appears during the monsoon season 

necrotic areas on the margin of the foliage. Two different 
growth of PAylopAI/lOra was isolated from th e same lesion 

indi cati ng the 
.presence of two 
diffe rent species of 
whi ch o ne iso late 
showed 99% 
simil arity to P. 
ci lroph 1/lOra. 

Disease 
Management 

when there is heavy 
and continu ous ra in 
fall. Sym ptoms are 
ex pre ssed o nl y o n 
half matu red or 
unripe frui ts which 
later turn brown in 
co lou r fo ll owed by 
premature splitting 
of the pericarp and 
rotting of the mace 
and seed . T he 
infecti on on the fruit 
stalk res ults in 

Leaf infection in Ci nnamon caused by Phytophthora sp . 

I n case of tree 
spices phytosanilation 
by remov ing the 

dropping of the fruit. The disease is also characterized 
by severe defoliation. In case of leaf fall, symptoms 
appear as dark brown water-soaked lesions on the midrib 
of the leaves which enlarged and spread along the lateral 
veins to lea f lamin a resulting in blighting. Petioles of 
the infected leaves showed black discoloration. Black 
lesions were also observed on young shoots which enlarge 
resulting in rolling and d rying up of shoots from the tip 
downwards. Leaf and stem infections resulted in extensive 
defo lia ti on . Base d on de tail ed morphologica l a nd 
molecular inves tigations the causal organism was identified 
as PAylopAI/lOra meadii. 

In recent years, prolonged dry spell for almost six 
months followed by continuous rains for two months 
have resulted in the sudden spurt in PAylopllt/lOra infections 
in nutmeg plantations. The adverse weather conditions 
certain ly predispose the tress to infection . 

In clove (Syqgillm arolllalicu1IZ L.) of family Myrlaceae, 
PAylopAI/lOra was reported to be associated with Sumatra 
disease. Seedling wilt was also found to be caused by 
PhylopAI/lOra species along with Collelotric/wlIl, Fllsarill'" 
and R/lI?oclollia balalieo/a. The Genus Cinllalllolll1ll14 belongs 
to the fami ly Lallraceae is highly prone to infection by 
PAylopAlhora spp. The most important disease of cinnamon 
is stripe canker by P. cinllamomi, which causes severe 
damage to forest trees. The pathogen was reported from 
other species of ci nn amon viz s C. camphora, C. culitlawan 
and C. sinlok. In Indonesia Stripe canker is found on the 
trunks and branches, particularly of young trees of C. 
verU1ll and C. bllrmannii. Vertical stripes are seen on the 
stems with amber colour exudates that harden later at 
the advanci ng margins. Vertical stripes of dead bark are 
most numerous near ground leve l. A recent survey 
conducted in Kodagu district of Karnataka revealed the 
incidence o f fo li ar infection in Cinnamon zeyianiCll 11l 
characterized by the presence of reddish brown spreading 

infected and fallen 
leaves / nuts from the basin is very essential to reduce the 
inoculum load and furth er spread of the disease. Prophylactic 
spraying with I % Bordeaux mixture before the onset of 
south west monsoon prevents the development of the disease. 
O nce the disease appears, spraying the same can be done at 
20-25 day interval twice to prevent the spread of the disease. 

CONCLUSION 

Di sease manage ment is mos t success fu l and 
economical when all available pertinent information on 
the crop, epidemiological data and environm ental and 
human health concerns are taken into account. If more 
th an one pathogen occur at the same time, co mbination 
products are more effective. In spice crops, integrated 
management strategy is most appropriate as th ey are 
perennial and the disease occurrence is dependent on 
monsoon. Phytosanitation plays a crucial role crucial in 
redU Cing the ini tial inoculum followed by fi xed fungiCide 
spray as prophylactic measure. Predisposing factors such 
as soil condition needs special attention. Soil health 
management-has also to be taken in to account to maintain 
the pH and organic carbon so that sustai ned availability 
of nutrition is assured and the survival of biological 
control agents such as Trichoderma/ Pseudomonas is ensured. 
Since major diseases are soil borne and often inadvertently 
carried from the nursery to main fi eld, introduction of 
pathogen from the planting material has to be avoided P 
by resorting to planting disease free planting material. I, 

The acc reditation faciliti es availabl e fo r pathogen ( 
detection have to be used effectively for production and 
distribution of planting material. 
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