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nhizome Rot Diseases of Ginger and
Turmeric

"*.R. SARMA

1. INTRODUCTION

Rhizome rot is the major disease problam afizcting the two rhizomatous crops
viz., ginger (Zingiber ofiicinale) and turmeric [Curcuma longa). which belong to
Zingiberaceae. Even thouch important foiizr diseases do exist in these crops, rhizome
rot is very important, in view of severe crop lesses, it incurs in severa! parts of India
where these crops are grown. The term rhizome rot is loosely used fcr all the diseases
affecting the rhizome irrespective of the pathcgens invoived. since the ultimate result
is the partial or totat loss of thizome. The patho¢uns involved decide the nature of camage
and symptor 2xpressicn. The major diseases dentified are the scit rot resulting in we!
rot caused by Pythium spu.. yellows caused by Susarium oxysporum f. sD. zingiberi,
causing vascutar wiltand bacterial wilt caustd by Pseudomonas solanacearurr:, Havwaard
Biotype Iil. Besides, Fusarium solani causing wet 1ol and Macropiiomina phaseciini
causing dry rot have been reported.

Distributicn of various pathogens associated with rhizome rot of ginger in different
parts of India is given in Table 1. Because of differences in etiology in a given location.
the disease control has been iound to be of litie success with unitorm fungicidal
treatments adopted.

It is also a coincidence that tne pathogens involved are almost stmiar in beth
these crops and as such the disease management in general would be similar. However,
for convenience, hoth are dealt separately. The problems have been reviewsd eatlier
(Chattopadhyay, 1867: Snarma and Jain, 1677a: Joshi and Sharma, 1982 lyer, 1987).
This review presents the current status of these diseases in India.

The corract diagnosis of the disease in a given location and involvement of one
or more than one*pathogen should be clearly understood to plan effective integrated
management méasures which could be location specific.
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Tabie 1 : Distrinution of patnogens involved/associated with thizome rot of ginger crop in India

Organtsm

Piace

Reference

Sythrem aphaniggrmatum
Edscn Fiz.
.do-
-do-
-do-
P. butien
(Syn. P. aphanioemalum)
-cdo-
P. graci'e [(deBary) Schren'}
(Syn. P. aphanioamatum.}
.do-
P. deiiense Meurs.

RS

myriotylum Drech.
-go-
00~
-dc-
P. pleroticum T.
P. vexans de Bary
P. ultimum
Fusanum solani
F. oxysporum |. so. zingiber
.do-
P. mynotylum ang F. solani
-do-
P. solanacearum

P. solanacearum Hayward
Biotype Il

Pusa (Bihar)

Kerala

Hyderabad (Andhra Pradesh)
Magpur (Maharashtra)
Madhya Pradesh

Malabar (Kerala)

South Kanara (Kamantaka)

Bengal, Gujarat,
Malabar (Kerala)

Assam

Madhya Pradaesh

Poona

Bombay

Nagpur

Kerala

Solan (Himachal Pradash)
Malabar (Wynad) (Kerala)
Himachal Pradesh
Kamataka

Madhya Pradesh
Rajasthan

Rajasthan

Rajasthan

Madras

Kerala

Mitra and Subramanian (1928)
Sarma et al. (1979)
Vaneduddin (1855)

Sanare and Asthanc (1968)
Haware and Joshi (1974a)
Thomas (1938)

Thomas (1938)
Buter {1607}

Sen (1930)

Haware and Joshi (1874a)
Uppal (1940)

Patel et al. (1949)

Sahare and Asthana (1968)
Dake and Edison (1989)
Snarma and Dohroo (1980)
Ramaknshnan (1949)
Dohroo et al. (1987)
Kumar {1977)

Haware and Joshi (1973Db)
Dohroo el al. (1988)
Mathur et al. (1984)

Donee (1986)

Thomas (1941)

Sarmma el al. (1978)

» RHIZOME ROT OF GINGER (ZINGIBER OFFICINALE RGSC.)

2.1 Soft Rot

The dissase is caused by various Pythium spp. and prevalent in all states of
India where ginger is grown and the problem still eludes solution. However, the Pythium
spp. involved in different geographical regions appear to be different and are often
involved with other biolic agents.

2.1.1 Crop Log%es
’

Precise crop loss figures due to this disease are lacking. Crop losses vary from
place to place. Approximately, losses to the tune of more than 50 and 80 per cent have
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been reported (Butler, 1918: Joshi and Sharma, 1982). If the disease occurs in early
stages of crop growth, it would result in total loss of rhizomes of affected clump and
partial, if affected at late stages of crop growth.

5.1.2 Symptoms

Pythium spp. often infect immature and undifferentiated parts of the host piant.
Both pre-emergence and post-emergence rhizome rol are noticed. Rocts, rhizomes.
emerging sprouts and pseudostems are all prone to infection depending on the siage
of their maturity. Recent studies carried out at National Research Centre for Spices
(NRCS), Calicut have shown that, apart from infection of young sprouts, pseudostem
and rhizomes, root infection is equahy important. Apoul forty to fifly days after sowing.
the emerging sprouts and also the plants in early stages of crop growth (up to four months)
are infected. The emergence of fresh tillers being gradual, with the availability of tender
suscept tissues, the infection continues upto three to four months ailer sowing.

When the undifferentiated sprout is infecied. water scaked lcsions appear at
the emerging base which gradually enlarge, and the whole sprott turns pale yellowist
and withers off leading lo total death. Subsequent sprouts eme:rqging from the same
rhizome are often infected. Later infection spreads dov/n to rhizome. In well dilferentiaiec
clumps, infection starts at the collar tegion of pseudostem as water seaked area whnich
generally spreads both upwards and davinwards. Foliar yellowing s clearly szen staring
from the margins from the lower moei leaf and progresses upwerds. As the infection
progresses gradually to the inner region of pseudostern. intensily o folar yeliowing
increases. Later, the infection spreads to the rhizome. The afiected tizsues rol, emiting
foul smell and the pseudosiems come off with a gentle pull. in early stages, the roct
infection often reaches the gorminating sprouts leading to the rhizome rot. In a recent
study carried out to study the role of root infection in soft rot of ginger, it was founc
that pseudostem infection was more vhen inoculum was placed at the surface. I}
decreased with increaseindepth of inoculumsource (Anandarajand Sarma. unpublished;.
In a mature plant, it results in foliar yellowing and stunted growth of the plants (Fig. 2j.

2.1.3 Causal Organism

About six Pythium spp., viz., P. aphanidermatum Edsor Fitz (Mitra anc
Subramanian, 1828; Vaheduddin, 1855; Sahare and Asthana, 1968; Haware and Joshi
1974a: Sarma et al., 1979). P. butleri Subram (Thomas, 1938) (reported as syonymous
with P. aphanidermatum) (Butler and Bisby, 1931), P. deliense Meurs (Haware and Joshi.
1974a) P. gracile (de Bary), Schrenk (Butler, 1907) and Sen (1230) reported synonymous
with P. aphanidermatum (Butler and Bisby, 1931), P. myriotylum Drechsler (Uppal, 1840:
Patel et al., 1949, Sahare and Asthana, 1968), P. pleroticum {Dohroo and Sharma, 18€5].
P. ultimum (Dolroo et al., 1887) and P. vexans de Bary (Ramakrishnan, 1949) have
been reported to cause soft rotin different parts of India. The most commmonly encountere<
are P. aphanidermatum and P. myriotylum.
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2.1.4 Epidemiology

The disease is both seed-borne (McRae, 1911: Thomas, 1938; Mundkar, 1949)
and soil-borne. In Keraia, which contributes a major share of ginger production in the
country. where the crez is rainfed, the disease occurs during July-September, coinciding
with south-west monsosn. High soil moisture and low temperature (25-28°C) prevailing
during this period are nighly conducive for the disease developrmznt. Disease incidence
is more under ill-drainsd conditions. Once disease starts, it spreads gradually to the
adjacent clumps mostiy through soil water, both under rainfed and irngated conditions,
in general, the diseasz is less in hilly slopes probably because of better drainage.

In a comparative study, ainger planted both in ridge methed and flat bed method,
it was found that once disease slarts, it spreads irrespective of the method of planting
(Anon., 1979). The disease, though known as seed-borne, critical studies are lacking
whether it is exlernally seed-borne or internally seed-borne and their contribution to
disease incidence. The seed recovery from the stored. apparently healthy seed rhizomes
vary. Recovery of 60 per cent from apparently healthy rhizomes decreased to 18 per
~=nt when the crigina! seed lot was mixed with 10 per cent of infected rhizomes (Anon..
1984, The nature of survival of the fungus in the seed rhizomes 1s not clear. However,
scalas harsouring the cospores in seed rhizomes has been reported (Thomas, 1938).
Pythium sp. being soii dweller, is known to perennate in the soil in the form of oospores.

The positive isolation of Pythium from sick soils even aiter one year's fallow
pericd indicated ils iong perennation (Anon., 1984). Being a soil-borne pathogen.
conunuous cullivation ¢f ginger would result in soil inocuium build up in a given locality
and shifting the site fcr cultivation/crop rotation as practised in Kerala veould result in
less disease incidence. When shifting cultivation is adopted, infected/contaminated seed
rhizomes would serve as the primary source of inocuium.

The involvement of the pathogen in a given locality might be due to its adaptability
to a agroclimatic situation. Pythium vexans reported from Wynad. Kerala, a high altitude
(1170 m) region, had cotimum temperature requirement of 28°C and did not grow beyond
34°Cincontrastto P. achanidermatumand P. myriotylum. where the cptimumtemperature
for growth was 34°C andmaximum being rnorethan 40°C (Middleton, 1943: Ramakrishnan,
1942}, Involvement o 2. myriotylum and F. solani in rhizome rot of ginger is reported
from Rajasthan (Dorjez. 1986). Similarly, Pythium sp. and F. solani have been reported
causing rhizome rol in Gujarat (Chauhan and Patel, 19%0). In a pilot survey carried out
in Kerala during 1984 and 1985, incidence of soft rot caused by both P. aphanidermatum
and P. myriotylum has been reported in addition to F. oxysporum, F. solani and P.
sclanacearum (Dake and Edison, 1988, 1989). The problem becomes more compiex
in combined infgctions;involving both fungus and bacterium. :

2.1.5 Role of Associzied Organisms

Detailed investization on the role of consistent association of dipteran maggots
Mimegralla coeruleifrcns and Eumerus sp. with infecled rhizomes revealed no role for
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{hem in disease etiology and were considered as saprophytic colonisers, since they were
not found to infect healiny rhizomes (Koya, 1988 P-emkumar et al., 1982; Radke and
Borle, 1984). However. isolation of Pvinium sp. from the forequts of the field coliected
adult flies of M. coeruieifrons suggesigd their possible role in disease dissemination
(Iyer et al., 1981). However, this requires further studies.

Anassociation ¢f plant parasitic ns matodes viz.. Meloidogyne incognita (Nadakke:
and Thomas, 1964) Pratvienchus coffez=and theirrole inrhizome rot needs investications.
increased rhizome rot incidence was reported in association with nematodes (Dohros
ot al., 1987). In the rhizome rot compizx of ginger in Himachal Pradesh, P. uimum.
F. equeseli (Corda), M. incognita and P. coffeae have been implicated (Dohrco et al.,
+987). In a study on interaction of P. mvriotylum with M. incognita, fungai antagonism
o nematodes was observed (Lanjewar and Shukla, 1985: Aruna Parihar Yadav, 1887).

0 1.6 Disease Management

The disease. beingbothseed and soil-borne the problem of disease management
involves measures that effectively suporess/reducethe disease incidence througn cultural,
biological and chemical control methads (Dake et al., 1988). Disease resistance in the
available germplasm types in India &% present is very low or absent.

2.1.6.1 Cultural : Seed selection and storage—Seiection of healthy seeds from the
disease free gardens and storing them in ideal condition is an essential pre-requisite.
Seed storage practice consisting of seed treatment with Dithane M-45 (0.2% solution
for 30 min, air drying. storing in pits ined with sand. in thatched sheds or rooms where
the temperature do not exceed 28-37°C ensured optimum recovery (Dake e a.. 198<:
Mishra and lyer, 1981). Precise me:nods of detection of seed-borne inoculum are yet
to be standardised.

Seed treatment with aerated steam for 1 h al 40°C gave 91 per cent germination
but, with increase in temperature, there was a drastic decrease in germination (Anon..
1988). Further studies are warrantes to utilise the aerated steam for seed disinfection.
Tissue culture methods of multiplication of ginger available at present (Kulkarni et al..
1987) shouid be utilised to generais disease-free seed rhizomes.

2.1.6.2 Time of sowing : Young sprouts being highly susceptible, conducive environmental
conditions like high soil moisture and low temperature would result in high diseass
incidence during July-August. By early sowing, the pseudostem will become hardy and
less vulnerable to infection during critical periods (July-August) of infection. Studies
carried at Calicut in Kerala showed that by early planting during May or early June resultec
in iess disease incidence (Anon., 1¢84). However. the period of sowing vould vary for
difierent agro-climatic .zones.
s ;

2.1.6.3 Drainzige . Better drainags would reduce the chances of infection, since
stagnation leads to high inoculum build up and also rapid spread of the disease through
soil water,
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2.1.6.4 Crco rotation : This is another method practised to reduce the inoculum build
up of soii-nome pathogens and is practised in Kerala. Detailed studies on this are
varranted 1o suggest a suitable crop rotation that reduces the inoculum buiid up and
consequent disease incidence.

2 1.6.5 Sc.. management: Soil amendments with neem cake at 2 t/hareduced the disease
azidence oy 2 per cent increased yield by 1.78 tonnes and also increased availability
of nutrienss. viz., organic carbon. phosphorus, potassium and calcium. Both pongamia
and neem cake as soil amendments showed reduced disease incidence ccmpared to
FYM treated plots (Sadanandan and lyer, 1986). Disease incidence was highest (26.3%)
in plots trzated with lime + ‘ertilizer compared to lime and fertilizer applicaticn alone
and check plots with disease incidence cf 20.3, 12.8 and 7.7 per cenl, respectively
(Sadanandan etal., 1988). Inanother study involving surface soil burning and non-burning
before planting, the former showed decreased disease incidence, increased yield and
availability of nutrients (Sadanandan et al., 1988). Soil amendment with woodsaw dust
reduced rhizome rot incidence (Dataram, 1988). Soil amendment viith oil cakes, viz.,
castor, groundnut, sesamum, margosa and coconut and also saw dust with and without
urea tried for their effects on soft rot incidence ina Pythium sick plots showed thiat coconut
cake was the best amendment that reduced the disease and increased the yields (Rajan
and Singh. 1973). Application of soil amendments is known to improve the structure
f soii and increase the microbiological population suppressive to pathogen.

Soii solarisation of Pythium sick plcl prior to planting suppressed weed growth,
improved the germination andyield and reauced disease incidence (Anon., 1930). Further
studies are warranted for its feasibility for large scale application (Figs. 1 2 & 3).

2.1.6.6 Cnemical control : This consisted of seed treatment with fungicides 1o check
the seed porne inoculum and soil drench to check the soil borne inoculum. The sensitivity
of the pathogen propagules 10 the concentration, quantity and time of exposure to the
fungicide aecides the efficacy of treatment. When the inoculum is internally seed borne,
use of cor:act fungicide to eliminate the pathogens will be of little use. However, critical
studies ar2 warranted on the nature of seed borne inoculum in ginger.

Several contact fungicides used both as a seed treatment and soil drenches
showed variable disease control which reflected on reduced pre- and post-emergence
rot and increased yields. The variability of disease suppression might be due to inoculum
levels of tn2 plot, the frequency of application of fungicide in relationto inoculum potential,
rate of degradalion!leaohing-otf of the fungicide depending on amounts of rain fall and

above al' the seed borne and soil borne nature of the disease.

Ssed treatment with 0.25 per cent Ceresan for 30 minutes was found effective
inchecking rp'u'zome'rot (Thomas, 1940). Seedtreatment and soildrenching with Bordeaux
mixture {2:2:50) was reporied effective (Bhagawat, 1961). Pre-sowing soll drenching
with Bordsaux mixture (4:4:50), 0.35 per cent prenox and Dithane D-78 and subsequently
at three waeks intervals reduced rhizome rot caused by P. aphanidermatum and P.
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myrictylum (Sahare and Asthana, 1662). Seed dip in 0.2 per cent solution of Dithane
1127 and daconil was found efiective in reducing rhizome rot caused by P. plzroticum
2rma and Dohroo, 1962). In a comparative study of ridge method and raised bed
i .".:)do.‘planting,\'."nhand\.'.'ilhoutdolomiteapplication.superimposedby seedireatment,
arz soi drenching witty Aureofungin, Dithane M-45, captafol and methoxy thyi mercuric
snienide (MEMS). it was found that only fungicidal treatments were significantly superor
cver control and MENC was found to be the best (Sarma et al.. 1879). In & poi culture
stuz.. seed treatmen’ and soil drenching with dexon was found to be eifective in

ntrolling soft rot of ginger (Sarma et al., 1979). Studies carried out over several yzars
-+ Central Plantation Crops Research Institute, Kasaragod and Nationai Reszarch Centre
for Spices, Calicut showec grea'er consistency of captafol and Dithane L1245 as coed
reatment and as a soil drench in controlling soft rot caused by P. aghznidermarum.
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fizacy of Dithane 1.1-45 in checking rhizome rot was further established (Koshy 2t al.,
1geeh, Seed dip with 0.1 per cent Bavistin was found effective in controlling thirome
rot caused by Pvihwun: and Fusanum (Mathur et al, 1984).

The efficacy ¢f seed treatment with captafol n reducing tha post-emercence
rol and increased vicid wae reported (Koshy Abraham et al, 1988a; Mathur et al,, 1084).
i & recent study to check rhizome rot and bacterial wilt, seed treatments with captan,
cartafol Dithane M-45 and hot water treatment at 42°C for 30 rinutes was supenmposed
by 200 ppin streptocyceline were evaluated. All the treatments significentiy reducea pre-
cmargence rol However, captanwas found more efiective. It did not hwve any deprogsive
' on baclerial wilt (Manmehandas ef al.. 1890).

Systemic funaiciues specific to oomycetes might be helpful even 1o check
internally seed borne infection. Five systemic fungicides, viz., fosctyl Al metalaxyl,
oxadixyl, propamocarb and ethazole were evaluated against rhizome rol caused by P.
apnanidermatum both as seed treatments and soil drenches. Metalaxyl formulations viz..
Ridcmil 5 G granules and Apron 35 V/S gave the best control (Ramachandran el al,
1¢88b). The in virro sensitivity of the fungicides tested showed LD 90 values as a34.10,
¢z 179.6 305.56 and 1.14 paml respectively (Ramachandran et al. 18g%a). In a
omzaralive stud with six non-systemic and four systemic fungicides as seedtreatments
esied for their effects on rhizome rot caused by P. aphanidermatum. Cithane M-45,
ciisiaton (captafol). ziride, caplan ana metalaxyl reduced infection. increasea garmination
and vield (Thakore et al.. 1888). Efiicacy of metalaxyl in checking soft rol caused by
2 myriotvium has been reported (Rathaiah, 1987).

ey

m

An integrated disease management trial involving cultural practices. viz.. burning
and non-burning of the surface soil. early and late planting as main plcts, application
of crganics, viZz., FYM and neem cake and metacid as sub-plots and four fungicides
s soil drenchgs as sub-sub-plots. it was found that burning the soil surface. garly planting
‘1st May) together with metacid and Bordeaux mixture gave lower soft rot and
incrzased yields. However. they were not statistically significant (Sadanandan et al.,
1988).
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2.1.6.7 Bioconiro! : The ctudies on biocontrol of rnizeme -t dates back to studies of
Thomas (1939) wherein he suggested the use of Trichcoerma lnorum against Pythium
in the dual cultures, since. the former increased ine aciiy of the madium which was
unfavourable to the grovah <f pythium. The bioconirslpeier 2t of Trichcdegmain INIZOMeE
rot of ginger s receiving a:‘-.—:-n:ionlnrecentllmes:E:‘.a W Gupla 1587 Bharadwa)
etal.. 19881 T viridae. invancus combinations Wity :
reduction in rhizome rot incidence (Dataram. 1982 in a ¢ Toarative study of hiocontrel
efficacy of T viridae anc T harzianum alone a~4 1n commoination with Ridomi MZ 72
WP, itwas joundthat T. virigagwas superiorindiseas? sunoresionandwas more sl eclive
in combination with Ridomit1.iZ ~> NP indicatingits compatiity (Sarma st al., un;:ubhshed').
The delivery system of these biocentrel agen iz ficl applizaton are Vel
10 be standardised. P acanthsphoron, a yperparasii: to 2 mynistyium and Fusarnum
Lodna and Webster. 1600 reported recenti, . ORENS 4o nev: pessibiity of tiocontrol

¢ reportea rcm Keraia (Anon.,

4uel showsd appreciable

'
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solani(
of rhizome rot ginger. lsolation of this fungus was

1985). Efficacy of T viridac. T. harzianum and P. acaniioohoron alang with wood raw
dust in supperessing rhizome rot under the field conaricns was estatlisned at Udaipur,

Raiasthan. Similarly at Calicut. Kerala T. harzianum acd T onamatumywiere inund «ffective

in suppressing rhizome rot {Anon., 1993). The assocai=n of Glormus spp. and other
VAM (vesicular arbuscuiar mycorrhizae) with roct systerr and thair SUpPressve effects

on rhizome rol need ndepti study.

2.1.6.8 Disease resislance . None of the available cutivars seams to have hith degree
of resistance even though vanety Mar i (Indrasenar. and Faliy, 1974 . Nadia and
Narasapattom (Balagopal e

resistart. Of the 33 cultrzars consisting ol both inaiensas and exolic. 8C conad in the
field and also under antiiicial inoculation conditions snov ed variabiiny and inzonsistent
reaction during thres years neriod. None of tham wers tound resistant (Sarma el ai..
1979). Isclation of callus culures of ginger insenstivete cuturgfitrate of 7 aphanicermatum
wukarni ef al, 1987 anc ars naing evaluated for their field

cethrough somacionai

ai. 1975 have bean re-onted as tolerant and moderately

have been regenerated (
reaction.Biolechnologica'laj.:moachesini|1da1(:1:‘.gc:ns: - rasistan
variation in ginger has been <iressed (Sarma and Ramadasan. 1620). Toxins of F.
aphanigermatuin have beean reported lo be glvcoprotens ‘Rao. 1936) and need 10 be
utilised for in vitro scregning of callus and celycuiturss it iscate toxin INS2NSItve cultures
which can further be {esizd for disease resistance

2.2 Yellows Disease

The disease was first reported from Madhva Pradash ‘Agarwal. 1€72 Haware
and Joshi, 1973) and later from Himachal Pradash :Donroo et al.. 1988) and also from

Kerala (Dake and Edison. 1088. 1989). In himachal Sradesh, this is a major limiting
factor in ginger production.

2.2.1 Crop Losses

io- this disease. In Kerala, a pilot

Systematic crop loss estimates are iacking
165 gardens visited. 8.84 per cent gave

survey for disease incidence showed that out ol

ne
ed
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posiiive Fusarium sp. isolation (which includes F. oxysporum) (Dake and Ediscr, 1288,
18£3). During 1984-87. about 40 percentiosses have been reported from Shillai, Raigarh,
Ronrhat and Sirmur areas of Himachal Pradesh (Dohroo et al., 1288} Ginger production
of 1.27.000 tonnes as dry ginger from 52.460 ha in Himachal Fradesh dwindled o €50
tonnes from 2.380 ha during 1984-87 dus to severe disease incigence (Venkalaramani,
1682

2.2.2 Symptoms

The infected plants exhibit foliar yellowing waich starts from the lower leaves
and progress upwards. The affected plants wilt and dry up but do not fall on the ground
in contrast to soft rot and bacterial wilt afiected ginge:. Afiected rhizomes become soft
and watery. The pseudostem comes off from mother rt.zome with a gentle pull. Affected
thizomes show a creamy discolouration of the vascuiar system and contical rot. The
iniected plants appear stunted with root rot and rhizome iormation is affected. They show
varying degrees of decay.

2.2.3 Causal Crganism

Fusarium oxysporum f. sp. zingiberi is the causal agent identified (Haware and
Joshi. 1873b). independent infection by F. solani (Kumar, 1677) and also combined
infections of F. solani and Pythium spp. have been reported (Dorjec. 1988, Chauhan
and Patel, 1820).

2.2.4 Epidemiciogy

The disease occurs in patches with piants with vellows symptom surrounded
by green piants. The disease is soil and seed borne and secondary spread is through
soil water. The infected but apparently normal rhizomes serve as the primary source
of inoculum and chlamydospores serve as the perennating propagules (Sharma and
Jain, 1878b).

Disease development was found favourable at a temperature range of 15-38°C.
The infection increases at optimum temperatures of 23-22°C with a high relative humidity
of 87-85 per cent and presence of thin film of water (Sharma and Jain. 1£78aj. Two
montns old ginger plants inoculated with F. oxysporum showed vascular discolouration
in 25-30 days afier inoculation followed by the presence of hyphas in the vessels which
later spread to the cortical regions with inter- and intra-cellular hyphae (Haware and
Joshi. 1973b).

Combined infections of F. oxysporum, M. incegnita and Pratylenchus coffeae
havec been reponéd from Solan, Himachal Pradesh (Anon.. 1993). Extracts fromthe root-
knot afi2cted ginger roots incorporated into the medium increased growth of the fungus
(Aganwal et al.. 1972, 1974). This indicated the possibility of greater susceptivility of
ginger infected by M. incognita to F. oxysporum. Soils from rhizosphere of diseased
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ginger showed lesser suppression of the fungus compared to the rhizosphere soils of
healthy ginger (Sharma, 1877). Fusarium being a scil dweller, it perennates in the soil
for several years which renders disease control lezs effective.

2.2.5 Cuitural Control

Being a soil-borne pathogen, raising ginger crop in the same fizld eveny vear
should be avoided to reduce the chances of inoculum build up (Sharma and Jair. 1£7&a).

2.2.6 Biccontrol

Biocontrol of F. oxysporum with Bacilius subtilis, Memnoniella echniala anc
Asperigilius niger was fcund effective in pol culture. 8. subtilis. Strain |l reduced disease
incidence trom 58.3 1o 8.3 per cent and increased yield (Sharma and Jain, 187&b}
Isolatior. and field testing of antagonists and hyperoarasites of F. oxysporum and thel
field evaluation need to be intensitied Application ¢f crganic amendments like saw dust,
oil cakes, maize meal and dried leaves of difieten: piants species to wilt sick sails did .
not have any disease suppressive cffects (Sharma and Jain 1978b) Suppression of
plant parasitic nematodes and Fusarium yellows nas been reported vath soii amends
of neem cake and pine needles. These two amendments increased native Tricncderma
and Giiecladium population in Himachal Pradesh (Anon., 1993)

2.2.7 Chemical Control

Soaking the seed rhizomes in the fungiciaz solution/suspensior. ¢ Cinane M-
45 (0.3%) or benalate for two hours followed by two soil drenchings (6 l'sq m at 0.3%),
one at the time of sowing and the second by 15th day of sowing was recommended
(Haware and Joshi, 1974b; Sharma and Jain, 1¢78a). Seed dip with bavistis (0.1%),
Dithane M-45 (0.3%) + bavistin and bavistin + Dithane M-45 + sumithion (0.1:) for 1 |
h were found to be superior to other treatments in disease suppression. However, seed
treatment with bavistin (0.1%5) was found to be cost effective (Dohroo et a!. 1988).

2.2.8 Cisease Resistance

e : ; ; ; . , . g
Fublished information on disease resistance to yellows disease is not available. )
Standardisation of a screening technigue to icentify resistance has been repored ’
(Sharma and Dohroo, 1989) and there is an urger: need to test all the availatie ginger
germpiasm in India for their reaction to yellows disease. -
The foregoing account brings out the current status of the yellows discase. The 2d
disease managemept strategies would be on the similar lines of the soft rot and bacterial
wilt of ginger and,calls for an intensification of investigations on disease resistance,
biocontrol, crop rotation and the feasibility of soil sciarisation on the disease suppression.
Apart from these three major disease probiems causing rhizome rot ¢f standing
ginger crop, basal rot caused by Sclerotium rolisii (Haware et al., 1973a) and dry rot
wroserert

i r——
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hcmina phassc.na (Sarma and Nambiar. have aiso been

2 ciose watcr in future.

: bocoming increasingly serious paricuar . i Wynad district ¢f

& ! = a5 first reporied from Madras state (Thomasz 16471, Later, it was
reconad from Kerale ‘Sarma et a!.. 1978 James Mathew et al. "87¢;, Bihar {Ojha e:
al 1985, and Himachal Pradesh (Dohroo, 1991).

rop Izss figures are not available. Once disease ¢:2d. the spread v-ould
nce as high as (50-60 per centy was recorded reculting in severe foss

2.3.2 Symntormis

The earbiest svmptoms appear as water soaked linear strearns onthe collar reaic:
of t:e nseudostems foliowed by veliow to bronze colouration of tha marins of the tover
mos! ieaves wnich gradually progresses upwards. Later, the lzzves become flaccerd
C‘Xhlf."']fl wilt svmotoms and intense folar yeliowing, The alfectzs pseudostems at the
base would be siumy w2 touch and come off with & aentle pull. A smea. piec= of the affected
tissus Lept 1 water cves off milky white basterial oozes. The gétected plants drooj.
s g

2.3.3 Causal Organism

Pseugomonas solanacearum (Smith) Smith. Biotvpe I ¢ #ayvaard, has been
identiied as tne causzi agent of the disease (Sarma et al., 187¢  Biolype iv also ha:
bezn 1solated and iasntified from Keraia (Anon.. 1994).

2.3.4 Zpidemiclogy

The disease is typically soii and seed borne. It is generali, noticed during June-
July and would be maximum during August-September coinsizng with south-west
monscon ensuring hizn soil moisturs and relative humidity, and lov. temperature (Sarma
eral.. 1678). Tne disease spread is along the gradient and spreazs through soil water.
Watz- splashes migh! result in spread against the gradiznt alsc .Dake e! al., 1988).
Patnogenicity tests conducted showed that infected soil as well as affecled rhizomes
could induce the disease (Sarma et a!.. 1978) indicating their potentiz! as inoculum source
under field conditions. Mixed infection of bacterial wilt and soft r¢t  Pythium spp.) have
been reponted (Dake and Edison. 1¢£3) and would be more complzx for disease control.
The patnogen survived for two seasons in soil under natural conzions (Indrasenan et
al., 1€21}. M. incogni:a infestation two weeks eariier to bacterial inoculation increased

.
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wilt incider:ze indicating its ability to predispose ginger planis 1o bacterial v.iit ‘Samusl
and Mathew. 1983).

Asssciation of Al coeruleifrons was noliced cecasionz.y. P.
icolated from field collected maggots from infected rhizomes
mzggots couid induce the disease in potied qinger piants ; :
Their role in disease spread undzr field conditions neaas invasijalions. Deiaisd studies
on epidemaiogy are warranted.

2.3.5 Disease Management

In ceneral. disease management praclices ars sim.ar to rhizame rot of ginger
and turmeric.

Sirz

the disease being o seecd-borne. seiezlion ¢ healthy szl becomes
4 rlants tram the garden

(D

imperative Provision of good grainage and removal of infucts
immediately. in early stages. would check the disense spread. Supalcnun caaratum
and Ageratum conizoides viere iound intected wily F seanacaardin cacternial valt
affected ginger plot (Anon., 1989). This indicated thal thay might serve as colicteral
hosts of bacterial wilt pathogen.

2.3.6 Cnernical Control

Soil drenching v.ith agnmycin (1680 ppm) streptos ccine: (1000 pem;. 1 per cent
Bordeaux mixture and appiication of bicaching powder dontl ~neck the disenss once
disease appeared (Sarma ei al., 1678,. However seocd ircatment with 200 ppm
stretptocycline prior to planting delayed the disease deveispmant but coult not checr
the disease (Anon.. 1988). tmisan 6 tan orangomarcuriai fungicide - plantomyecin
10.05% as seed treatment for 30 minutes and a piantomycin epray atier 30 days and
followed by two sprays at 15 days intervals proved 1o be mosi effective. Piantomycin
alone ard in combination with blitox vas equally efisctive (Ojha el ai.. 1986). In view
of the predisposal of M. incognita infection of ginger to bacterial will. itbecomes essential
to check nemalode infections with suitabie nemalticide where such comzined infections
are noticed. Beds treated with blzaching powder (25 a3 < 1 m bed) sown with sead
thizomes treated with streptocycline at 200. 500 and 1000 ppm for 30 minutes did not
check wilt {Anon., 1989).

2.3.7 C:sease Rasistance

Of the 30Aypes of ginger evaluated under field conditions, none found resistant.
However, they showed variable reaction (Indrasenan e: al., 1982).

Early detection of seed contamination through serolagicaltechniaues. biocontrol
methods using P. flourescens and other antagonists ana inducing dissase resistance
through somaclonal variation would be prioritigs since chemical centrol would be
impractical.

e
»d
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A wiater soluble glycopeptide with two ‘ractions has been reported from P
so:anacearum (Gowda and Rai, 1980) and this could be utilised for in Vitro screening
of calius and cell culturs to identify resistant or toxin insensitive cell iines.

2.4 Storage Rots

Storage of ginger becomes important both for sead purpose and also for ther
use tnrougnout the vear. Storage conditions influence considerably the deterioralion’
infection of rhizomes in addition to the already existing seed-borne contaminations either
externally or internally. Storage conditions vary from place to place. Rhizomes stored
ir = mud plastered pit at 20°C showed minimum rotting (Sharrna and Joshi. 1679;. The
siciage losses due to deterioration caused by storage fungi, mostly saprcphyltes, are
substantial. Contaminated seed rhizomes serve as the primary source of inoculum and
supseguentcrop losses. Seed-borne infectionlo the tune of 87 percent has beenreported
(Donres, 1989).

Some of the oruanisms associated with storage rot are Acremonium kiliense,
A strictum, Alternaria alternata, Aspergillus flavus, A. niger, Memnonielia echinatz
Fseuaospapuiospora kenirickii {Sharma and Jain. 1977b). Gectrichum sp. (Mishra ang
Rath. 1988), F. solan; and £ moniliforme (Rath et al., 1978), F. roseum. Sclerotium
ro'fsii(Mehrotra, 1952). Pvthium plaroticum and F. equeseti(Sharma and Dohroo, 1982,
a1d aiso a bacierium (Ancn., 1974). Of the 29 fungi reported. the association with oinger
‘nstcrage fourfungi. viz.. £ oxysporum, P. deliense. P. myriotylumand Pseudor apuiospora
keindreki were found internally in the rhizomes (Sharma and Jain, 1977b; causing
detencration. Incidentaliy. ot F oxysporum and P. myrictylum are known pathogens
o ginner.

Storage rots are referred to by names depending on the colour and symptoms
they preduce. They are red rot caused by Nectria inventa (Sharma and Joshi. 1976a),
black rct caused by Memnonielia echinata (Sharma and Joshi, 1976b), grey rot caused
by Trichurus spiralis (Sharma and Joshi, 1876b), dry rot caused by Diplodia natalensis
(Wiison and Balagopal. 1971) and Macrophomina phaseolina {Sarma and Nambiar.
1974:

Seed treatments with fungicides has been reported to reduce the storage losses,
Seed treatment with Dithane M-45 (0.3%) for 30 minutes and storing rhizomes in pots
lined with sand in the low thatched sheds at 28-30°C gave good recovery of the rhizeime.
storedtor about five months (Dake et al., 1989). Seed treatment with aureofungin (0.02%)
and berslate (0.2%) were found effective (Haware et al., 1973). Kitazin (0.1¢%:). bavistin
(0.3%) and Dithane M-45 (0.3°5) were found effective in controlling storage rot (Sharma
and Jain. 1978a). Seed treatment with carbendazim was found effective becatse of its
persistence for a long time (Arora et al 1877). Emisan 6, Blitox 50 and mercuric chloride
as seed treatment for 30 minutes were effective in controlling storage rot caused by
B. plerctizum. For rot caused by F. equeseti, Dithane M-45. Emisan 6 and blitox were
found efieclive (Sharma and Dohroo, 1982). Antracol (0.25%), fycop (0.3%) and Blitox
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50 (0.3%) as seed din for 30 minutes were found efiective in controliing storags rots
(Dohroo and Sharma, 1€83).

Thus seed storage and funaicidal treatments to reduce the storage losses anc
1o minimise‘eliminate the seed-borne infections are cf arealer relevance for anger.

3. RHIZON.E ROT OF TURMERIC (CURCUMA LONGA)

3.1 Rhizome Rot

Both C. longa and C. aromatica are aenerally referred to as turmeric and are
affected by rhizome rot disease. i

Rhizome rot of turmeric is similar to soft rot of ginger in all respects causing
partial or total loss of the rhizome (Figs. 4 & 5; Tne disease was first reported dror
South Indiz viz., Knshna district of Andhra Pradest., Tiruchiranally and Commbators (Tarmu
Nadu) of erstwhile Madras State (Ramakrishnan and Soumini, 1¢54). Tivs 15 alsc know
from Telangana areas of Andhra Pradesh {(Rao and Kao, 1888) the ennlogy of whinh
is yet to be determined. It 1s also known from Kasaragod area of Kerala (Anor . 157%)
and Assam region (Rathaiah, 1982b).

3.1.1 Crep Losses !

Precise crop loss figures. though nct available, lossts 1o the tune of 5C ner cer
and above have been reported in some parts of Telanaana and tarmers ~2iort 1o
distress harvest to salvage the remaining crop on~e the disease slarls azpearnnj
(Anon., 1888). il

mne
ted

Fig. 5 : Rrizome rol in finger rhizomes
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¢.1.2 Sympotoms

The infected plants show veliowing of leaves siarting from lower ieaves which
zrazualiy soread to the upper regions of the plant. Trz margins of the vellowing leaves
wmonecrols and start drying from tne margins inwarzs resulling in partial or compleiz
i f izaves. Valer soaked ¢ dark brown les'zns appear orn the pseudostemns
ich eniarge rapidiy resulting in drying vz In Assam region. the affecies
reak away with a puli and the afiecizz tillers topple cif. The affectex
- varying degrees of root rol. The irfecticn spreads from roots to rhizoms

o

plants bezome stunted with foliar yveliowing. The affected rhizomes shov,
degrees of brown shades in contrast to the cright orange colour of healthy
I foul smell.

I agvanced stages, the rotten rhizomes em;

H
t
1.3 Cauvsa Organism

Fvibium gramunicolum Subram has been repones as the causal anentinershwhile
IMaaras State. South india (Ramakrishnan and Soumin: 1554 P myriotyiumirom Assam
‘Hatnaiah. 16820 and Pythium sp. irom Keraia iAncr 1975) have been reporled a:
paincgens of rhizome rot of turmeric Associaticr of Zythium sp.and Fusarium sp. viti.

rhizeme ret in Telangzna area has peen reporied ‘Anan., 1988)

3.1.4 Eprasmiclogy

Ue:aied epidemiciogical stugies have not beer canied ol and are warranleg
1o wian efiective control measures. Turmeric 1s crowr noth as a pure and also as an
intercrop acng with maize, red gram and chililes. Trz cffect of crop combination on
disease incidence and intensily needs investigation.
i2angana area of Andhra Pradesh. this crez is grown in red sandy, loamy

sandy soils ar.d black cotton soils. Tre Zisease incidence was noticed

in &l types of soils wheather ill-drained or well drainz4 (Rao and Rao, 1988).

nTe
soll Chalka;,

The disease is soil-borne and seed-borne (Cnaltopadhyay. 1¢67; Rathaiah,
1882b). and cceurs at random and spreads contiguousiy to adjacent clumps. In artificial
inocuiation studies, P. graminicolum could induce roct r3t in a week and death of two
manins old piants within 18 days. The fungus was aisc found pathogenic to seediings
cf scrghum. maize, bariey, oats, arrowroot and cottor. and could not infect ginger
Hamakrishnan and Soumini, 1954). Ir. Telangana area. tne disease is generally noticed
whenthe crepis about three months old. Where it is intercropped with maize. the symptom
sxpression would be sudden immediately after the maize harvest (Anon., 1988) and
:nis might be due t@'suddén exposure of the crop from tne partial shade. The root rot,
ikel depletion of $oil moisture, physizal disturbance and change in the microclimaie
might be the factors afiecting the symstoms expressior Application of heavy doses of
‘ank sitt, compost and FYM, the conseaquent increases soil moisture levels and their
zffects on dissase incidence need to be undersiood.

gt

ki



Rhizome R<t Diseases of Ginger and Turmer:z 1129

3.1.5 Role of Associated Organ:sms

In Telangana area of Anzr-a Pradesh. association of magagots of Llco
with disease affected rhizomes wzs noticed to varving dagrees, qu'.fe'.'esr"z}‘.aér
in cissased rnizomes was also rziiced. As such. siudiss are warrantzd
the role of maggots in disease =t zioqy. A! cosruieiirons has been repcr
turmeric in Kerala (Jacch 1928¢ znd also in Matarasttra (Ghorpade &:
rnizeme rotetf ginger. magaols of L' coeruleifrons did not have anyroieindisease s
(Koya, 1988). The association ¢! Coiobata albimana with rhizome rot of turmaric
1978) also needs in depth stuz, though this has been reported ac a pest by it
(Venkateswara Rao and Subbarami Reddy. 1988). Root-knot infestation in turmeric was
noticed in Telangana where rhizcme rot incidence is severe. The rowe of /' tnecznita
on root infection by fungal pathozzns needs investigation to plan an effectiva intezrated
disease management.

3.1.6 Disease Management

Theproblembein(rsimilarzosoftrolofginger.thestrategmso.‘disease managemsant
in general are similar.

3.1.5.1 Seed selection and storace : The disease being seed-borne seiection of healthy
se=d from disease-free gardens cacomes Imperative since precise 1aethods of datzchion
of seed-torne inoculum are ve! 3 be standardised. There is a nee d (o test the efiicacy
of hot water and acrated steam ¢ =iimination of seed-borne INOCUILIT. [LIS &ISC essenila)
to muitiply the nucleus seed material through tissue culiure (Kuruvine Shey eta., 1632,
to avoid seed-borne inoculum

3.1.6.2 Payiesanitation : Remcva: and burning ¢f the infected clumps from the fisiz and
drenching the soil with cheshun: compound or cerssan wet (0.1%) was rezommended
to chzack this disease (Ramakrn:nnan and Scumini 1954y,

3.1.6.3 Soifamendments : Informzation on the effect of incrganic and arganic amendmants
0N the diseases incidence is lazking though majority of the farmers aproly high uoses
cf tank silt and FYM. Applicatic~ of 125-250 Kg of superphosphate did not have any
fect on disease incidence. kawever, the survival of the fungus was affectzd by
cplication of one per cent ursz 'o the infested soil. Urea did have aepressive sfe
N the fungal growth (Chattopaznyay:. 1867) and iuture studies are nezazd to tes: |
ficacy on the diseass supprzssion.

M

@ O W

3.1.6.4 Crop rotation : In Telarzana. where turmeric is generally grovn as intercrop
with maize and chillies, a restric:zd crop rotation is followed and might heip in reducing
the build up of soil-borne inocu.um. Biocontrol programmes as suggested for soft rot
of ginger need to be undertakzn.

3.1.6.5 Chemical control : Soil crenching with cheshunt compound or ceresan wet (1 %)
5.5 17sq.m. was suggested for ths zontrol of P. graminicolum (Ramakrishnan and Soumini,

A RO w420 v e s
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in ridomil (G.25% for 40 minutes and soil drenchinz (0.01%:) was found
san wet treatment in the control of rhizome rot caused by P. myriotyium

. The rhizome yield was 17.4 kg/plot (2 rows cf & m each) in ridomj]
..:a!ed 1o 11.74 and 11.95 kg in ceresan treated and unireated contro!
22y Indicating the superiority of ridomil

3.1.6.6 Disease resistance : Cullivais Mydukur, Tekurpet and Du: irala were found
5 ibie whereas Ca-6% of C. aromatica and cultivar Shiliong of C. ionga were found
t 1o F.omynotyium (Rathaiah, 1982). Newly released turmens selections from
Hesca'ch Centre for Spices, Calicut, viz,, PCT 12, PCT 14 have heen reportad
o be 1r22 frem disease In Telangana areas (Rao ant Buo. 19220 @nd their reaciis

10 tne vathcaen should be tested by artificial inoculation. Seed set reported in
turme=:c should be exploited for variation for disease resistance in turmeric. Simiiar'y
somac:2~al veriaiicn throuzh tissue culture need be induced for vanaton for disease

reslstlance

|
t

z:
e

~ompares 1 ginger. the investigations carried out on rhizome ro! of turmetiz

; U-: i=d surveys on crop loss and indepth investcatzn on the elci
23, ¢‘ihe disease to develop suitabie stratemgies ol uisease manageines:
2ani, cetection of seed-borne inocuium, nalure of surviva, of the pathogen,
' 521 suiansation. organic amendments crop rotation on the g sease suppressicn
zizlieg mvesuaations Based on the causal agents nvoives sunable fungicidal
e standardised. There is a need to chech sz, eral nermpiasin
biz z! various centres for disease resisiance

3.2 Drv Rot

o H

‘Nz diszzse is becoming increasingly imponant in Kerala. Tns disease causes

rool ret &nd rhizome rot resulting typical dry rot of rhizomes irom Oztcter cnwards. The

affectec rhizemes aooear soit and shrunken to starl with. later ¢ry un an b comes
vel

1’.7

l:srd_ Fc.ia iewing and drying up of foliage which are the normal svinzioms of maturity
<f crop :'urlr.g @ Hc.-f"o‘.rcmber viould be indistinguishable from trz s, mptoms ¢f the
diseas: arigcles ci"'ms V/nen infected rhizomes are cut cpen, irz iniected zones

pical., aorsar as | brov:n and dark. Rhizoctonia bataticola is azsociated wilh tne

~.3 Brown Rct

Tnis was 1rst reporiec from Kerala (Sarma et al., 1974) ir. C. aromatica and
.as no‘.::e:i in fresh harvestﬂd rhizomes indicating its natural occurrence during the

"op sezscn. Tne ciszase afiected plants were stunted with poor root gzve! lopment. The
‘scied "7"-’3:‘:":53 ar du'l coloured. later become deep grey to zark brown. less
rgid, gt a axhioiting dry rot symptoms. The necrotic lesiors in the rhizome

antfrom m erogress inwards involving a major portion of rhizome. Pratylenchi's

o, and “usariim sc.. & nematode-fungal complex, could induce the disease.

e g
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3.4 Bacterial Wilt

In aczition, bactenal wit of turmeric caused by Pseuzsmonas sc:anacearur
was also raczrded (Sarmza sl a anoubltshed; on C. fungt: in r ;raia durm 1678 anz
subsequentl, At presen! inis 13 nol a serious disease. :

3.5 Storage Rots

Storaze rot of turmeric caused by Sclerctium rolfsii was reponted in Duggirala
of Guntur disennt of Angrea "‘rc_._:;l'l Seed dip with zeresan w=st was foundg etiective
in checking in= rot of ses: rr:zomes ana ensuring be'ter germination (Reddy and Rac
1973). Ten fungi isolated irom the diseased rhizomes collected from Delhi market wers
palhogenh. wih knife intury tecnnique. A. flavus, A. miger, A cnaseclina. P. apnan -
dermatum, S rolfsiiwere pathoaenic evenwithoutinjury. /. oxyspc-um. C. clagdospcricides
F. monifitcrer2 and Orescriera rosirata were pathogenic with pinnrick except £ solar
(Kumar and Hoy, 1990)

Of th= ten organisms assoclated with storage rot of tirneric, viz.. Aspergilius
flavus, A mesn A taman Claccsporium cladospornicaes, Cepha csporiun. acremenium
Dreschlera isiramera, 5 cuimorurr. F.opivale, Foooxysporum ana M phaseshina ail wers
found pathonznic with \.”CU'\" inccuiation, whereas M. chasevlinz and C. claasspornicgas
were more vouient and coitd mfest without any injury (Sharmz and Roy 1884, 16
In Keraia, stcrage ret of tu i3 ascociated with R baiatizcia and F'J‘Sc Iy s
icnga, C. arematica and :were fount often intected v ' Sarm
unpublished  Studies arz warranted on better storage conzitc! and en—"!l'f
treatment thet could reduce stcrage losses.

4. FUTURE PRICRITIES OH RHIZOME ROT OF GINGIER AND TURMERIC
4.1 .Etiology

Sircsthe elioleg, ofins 2is=ase in several niaces appear (o be compiex. astan.
gtological studies sheouid oe unzsnaken to identify primary or mz!or pathogens and ais:
cther biotic azents that as 2 disease development, This information is essentia
to evolve efizctive disease man ag ment strategies.

[§4]

4.2 Disease Resistance

nit Iones against majorpathogens of ginger and turmer:z
'. Absence of seed set in ginger and, to some externt.

.

Evois I.nC] diseaseresis

Cl
viz. Pyrnu"‘cpp is of high pricrit,
in lurmenc iimits variability of these crops. The tissue culturz techniques availabie &t
present for ine multiplication cf thsse crops have 10 ke expigitzz to induce somaciona
variation. Tc screen the callus or csli cultures for their insensitivity to toxic metanolites
of the pathczens is the first sts: and should be followed by rzaeneration ¢f clantlets
to test the clones obtained. for their reaction with the actual paihogens. This becomes
essential since none of the pathogens of these crops produce host-specific toxins.

e
2d
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Furtnar. efforts should be to look for multinle diseas: resistance coupled with quality
ard productivity.
T i
3 Seed Certification ,‘
: aigaase-ires nucleus seed tn uzh tissus cuiture wo ould be idsal
aetection of seen-corne inosuium shoud pe evoived 10 sciect
srenal so that seed cartificatcn could ba intrcauced,
4.4 Seed Treaiments
ldeal sead treatments with both s, ‘stamic and protectant agro-chemicals need
1 ua standardised. _...or‘s ouldnmo iooﬂrc:agro-cr.emlcalsco"n catible with ciocontrol
azents so tha! chemi ~al and biocontrol ajsnls coul 4 be integrated.
4.5 Biocontrol
Isolation. identification of potential biocontrol agents including VAM that could
eifactivelv check the rhiz ome rot parthogens and deveioping suitabie techniques for large
le mul Stion enould receive immediate atisnton. Besidas identifization of the
suitabls crnanic armendaments that cou'd reduce the pathogen popuiation and boos! Ui i
sigour and produc tivity of the crop s 2 priority : |
&.6 Cultural Practices
Feasibility of utiising soll solarisation as a praclice needs 16 02 tested. Suilabie
asroncmic practices 1o reguiate tne soil i sture ieve:s and to waentify ideal crop rotaiicn
swsterns that could sugcress the disease need to be standardis2d. and aiso the biotic
inat accentuates the disease. The informatan is essential to evolve diseass
men! strateqies
wultinronged integrated diseass management systemin.owing Dh\.'tosanilz*l:i-:,f‘
:ui:urai and b:o.om::l mathods of contro! ccupied with disease rasistanca would b2 1
i==! solution to cnack the crop losses of thess crops.
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