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INTRODUCTION

Ginger (zinglber officianale) an econoaically

important gpice is consldered to be a native of tropical
Asia. The use of ginger in India and China has been known
from vaery anc;ent times. The country's production is
about 67,000 tonnes f£rom an area of 34,000 hectares which
is nearly half of world's production (Venkataraman, 1982)
and 10«15 por cent of the production is exported to other
countries. Kerala contributes 40 par cent of India‘'s
production, In Kerala it is cultivated in an arca of
12,976 ha with an annual production of 34,388 tonnes.
Ginger contributes about 9,8 per cent of the export

earnings from spilces to our country.

Among the various constraints to realisation of the.
production potential of ginger varietles and cultivars,
the incidence of soveral disecascs, nemitodes and pests
are considered to be the most serious. The reniform
nenatode Rotxlenchulus reniformis is assoclated with
ginger (Swarup, Math and Sethi 1967), Huang (1966)
reported that Meloldogyne incognita infact§ rhizomes as
well as £ibrous and f£leshy roots of ginger in Hawadl

causing heavy crop loss due to rhizome infection.



Both the reniform nematode Re reniformis and root-knot

nematode M, incognita are widely present on the ginger
crop grown all over Kerala in diverse soil types

(sundarraju gt al., 1979; Charles and Kurian, 1979).

The pathogenicity off‘;:eniform nematode R. reniformis and
its relative pathogenic effect in conjunction with the
root=knot nematode M. incognita on ginger has not

been studled so far. lence the present study was

- undertaken with a view to understand the nature and degree
of pathogenic ef_féct causced by renifor;n nematode on
ginger individually and to determine 1€ any pathogenic

interaction existed between the two species R. rgniformis

and M. loccgnita when thoy occur concurrently on the

-

8amMG Crop.
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REVIEW CF LITCERATURE

The reniform nematode was first described £rom the
Hawvaian islands as an obligate parasite on cowpea rocts
by Linford and Oliveira (1940),

In xndia-hﬁa first rocord of the nemitode was by
Prasad (1960), ‘The widasprozd ccourrance of this nematode
in South Zndia was reported by Seshadsi and Sivahuae

- (1963), han (1976) rovsaled tho widegpread ccousioncs

of the neaatade in savoral typ2s of crops.

1. Damage by roniform nematedes to plengs

The £irst pathogenielty work of this organisa was

that of Ayala (1962) on eixz diffcrent plant spocies,

Two variotics of pimaarnle and plgeoapaa, bobacco, Goffco
-and tonato crops were Zound to ba susceptable to the
nematods, 5UgArCane wags fbundpo be complataely fesistant,
Léngth of gtem, numbar of 1éavea. aumbap of side bhranches,
weight of gtom and roots wors low in che infected coifee
plantgs The stoms warca narrowar and the leavas yellcwisﬁ.

All the infacted plants hiad wonker rook systom.

Twenty four varletles of eotton wora tagted for

infection and reproduckion Ly zoniform nemmitcde and all



the varieties were susceptable to varying degrees

(Birchfield and Brister 1963).

In the case of castor, Sivakumar and Seshadri (1971)
reported poor growth, shedding of leaves, early flowering,
poor quality seed and reduction in quality and quantity
of olil.

Pathogenic reactions of cowpea to the reniform
nematode at varying levels of inoculation was reported by

villanueva and Castillo (1976), Cowpea seedlings inoculated

with 1000, 2500, 7500, 10,000 numbers of R. reniformis
extracted from soll, on examination after two months,
nunmerous females were feeding on the roots but there was
no sigh of necrosis. There were no significant reduction
in top weights.. But root weights, at the thfeé highest
inoculum levels and ylelds of dried seeds at the two
highest inoculum levels were reduced, Nematode
multiplication rate was greatest with an inoculum of 2500

nematodes and least at the two highest inoculum levels,

According to Hameed et al. (1977), as the inoculum
level of R. reniformis on two months old onion seedlings
increased, nematode reproduction rate decreased. Reduction

in ‘plant growth was possitively correlated with the increase
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in inoculum. The cortical cells of infected rootsa becama

hypertrophic and acted as feeding sites,

Rebois (1978) noticed development of reniform nematoda
on tha potato rooés but not on tubers., Tubcer yieltwas
adeguate but the dry woelghts of plant tops and roots were
significantly reduced by its parasitism.

Pathogenicity of R. poniformis on brinjal was studied

in pots by Singh and Khera (1979), Symptoms like c¢hlorosis,
stunted growth, curling of central crown leaves, promaturs
fall of flowers and sparsely developad roots waere observed

during the experiment.

Gupta and Yadav (1980) reported that 100 larvae or
more/pot of R. reniformis gave sigalficant reduction in
height and fresh shoot and root weights of Vigna
unquiculata, The yield of snap beans (Paaseolus vulgaris)

was negatively correlated with ooill populations of

R. reniformls Hq:Sorlay (1980),

Gupta and Yadav (1982) studied the pathogenicity of

green gram variety to R. renlformis, vigna radiata av il=70-16

wae inoculated with 10, 100, 1000, 10,000 R. renifornis
rer pot. Plant heldght, £regh sheoot welght, f£resh root

welght and number of nodules per plant were all reduced



with increasing inoculum density. Reproduction was

makimum with 100 inoculum dedsity.

R. reniformis parasitises soybcan and roproduces

rapidl§ on soybean roots. It also infecets Rhigobium root

nodules (Merepdith gt al. 1983).

The effect and reproduction of R. reniformis on
10 suesct pStato selections were obscrved by Clark and
Wright (1933), Reproduction was not related to the éffect
of the nematode on yield. Coldrush supported least
reproﬁuction but was most affected by the nematode, while
centeanial supported most reproduction but wag least
agfected. Yields yere significantly rcduced when initial
population were high, The thresh hold level of damage

by R. reniformis in cotton under green house conditions

was 100C young females/1000 cc of soil (sSud gt al. .1984)

According to Misra and Padhi (1985), level of 1000
nematodes/pot caused 35,0, 30.9, 54.2 and 35,9 per cent
reductions in respect of shoot and root length, shoot and
root dry weights respectively over control when applied

to the root zone of 10 day old plants.

2. Damagoe to planta by root-kKnot nematodas

Hagakura (1930) was the first vorker to report

lMaloidogyne sp on ginger. M. lncognita has been reported




to infect the rhizome, £ibrous and fleshy roots of gingor
in Hawai causing hoavy crop loss due to the rhizomo

infection (Huang 1966),

Several workers have reported the damage and cerop
loss caused by . incognita. They are blackening and
drooping off of growing tips followed by wilting in
betelvine (Dhande and Sulaiman 1961} reduction in shoot,
root and plant weight of egg plant, <hillie and tomatq ’
(Chidambaranathan and Rangaswami 1965), stunting, bunching
of petioclas, narréwing and‘yollowing of leaves in banana
(Claudio and Davide 1968), galling and gtunbing of root
tips of cogonut palms (Pizarrow 1969), 75 per cent and
48 por cenﬁ reducti&n iﬁ foliage and root weight respoctively
(tayol and Bergeson 1970) and 85 per cent yield loss in
tomato (Ducusin and Davide 1972), severe wilt symptoms of
betelvine (Mamwen 1974), drying and shedding of leavas

and poor pod formation in Cicer arietinum (Reddy 1975)y

decrease in dfy plant wolght, stem diameter and plant height

in cocoa (Thecbroma cocao) (Sharma and Maia 1975). vield

losses of 91, 46, and 27 por contage in the case of tomato,
brinjal, okra; respectively were reported by Bhatte and
Jain (1979).

Root weight of Solanun melongena seedlings was




significantly less than controls when inoculated with
10 larvac of M. incognita per Kg soll, whereas nematods
nultiplication rate and gall number was highest with 100
larvae per Kg soll (ohavan and Sethi 1978),

Charleg (1972) raported that root;-}moﬁ nematode
H. incognita 1s an important pest of ginger in Kerala and
1t has a wide distribution in the state and cause up to
4644 per cont loss 4in the yield,

Pathogeriicil:y of . incognit:a to edible ginger was
reported by (Cheng and Tu 1979). Second stage larvae of
M. incognita infect the ginger’ (Zinglber officinale)
rhizoma through the axll of the leaf sheath at the shoot
apax, rasulting in the formation of extensive internal
lesions. No visible galls were formed-on the rhizome.
Larvae infect the root system through the root tips of
the fibrous and feesh roots aggregating in the vascular tissuec,
glant cells and galls wore formed,

In a glésshhcuse exéerimn!: conducted by Reddy (1931),
puxple variety of passion fruit Passiflora edulis inoculated

with M., incognita showed significant reduction in plant
hoight and shoot micjht at 1000 inoculum level, Maximum
root~knst index was observed with 10,000 juveniles. per
plant., M. :!.ricggw nita had no significant effect on plant
growth of yellow variety,



Influenc¢ of initial population densities of
H. incognita on three c¢hilli cultivars wés 1nves£igated
by Lindsey and Clayshulte (19?2). All the three cultivars
were susceptible to M. incognita and reacted simultaneously
to different initial populations. Severe stunkting and
yield suppressions occourred at all iniﬁial'ﬁ. incognita
densities tested ranging from 385 to 4200 eggs and larvac

per 50 cm3 soil.

Accordiné to Bora and Phukan (1982) there was a
progressive decrease in the growth of jute plant as the
inoculum lcevel of M., incognita increased. A population
density of 1000 larvac/3.5 Kg soil significantly roduced
thelplant growth. The multiplication rate of the nematode
was higher with initlal density of ten larvae per not.
Older secdlings of Jute were less prone to attack by

M. incognita as compared to younger and tender seedlings.

The pathogentc cffect of root-knot nematode M, lncognita

to Patchoull (Pogostemon cablin) were investigated by

Prasad and Reddy (1984) at inoculum lovals of 100, 1000
and 10,000 nematodes per plant under pot culture,
Significant reduction in root and top weights were recorded,

Sudha Sukumaran (198'§) reported that M. incognita



inoculated plants exhibited stunted growth with reduced
vigour, A reduction of 74.l per cent of rhizome weight

was obtained at an initial incculum of 10,000 nematode/mlant
over a period of six months.

3. Root-knot and reniform nematodes, tholr association,
nathegenicity and lnteraction studics

Sundarraju et al., (1979) examined soil and root
samples collectad from the root zone of ginger in Kerala

and recorded both H. incognita and R, reniformis assoclated

with ginger. Charles and Kurian (1979) alaso observed both
these nematodes associéted with ginger. Reniform and
root-knot nematodes are reported as the predominant genera
of phyto parasitice nematoges in the rhizosphere of grapcuwine

(Rao and Tami 1979).

T
P On tomato R. reniformis occug}ng alone causes greater

damage than M. javanica. alone or both species togather

in egqual densities (Rao and Prasad 1971). Three months
after inoculation, separately or together, significant
’damage to the underground as well as acrial parts of plants

was noticed. The population of R. renifornis was found to

rave increased significantly, 60 days . after the treatment.

The percentage penetratlion of Juplter coybean
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geedlings by M. incognita or R. reniformis was reported

to be significantly reduced with increasing inoculum

lavel ten to twenty days after incculation (Singh, 1976).
In nmixed species infection signiflcant refiuct:l.on was found
at the higher inoculum levels L-.wenbfr days after inoculation.
M. incognita and R. reniformis singly and in combination
significantly reduced top and root dry weights of soybean,
ten weeks after inoculation. Simultaneous inoculation

~ with M. incognita inhibited increase of reniformis but

M. incognita was little affected by the'presencé of

R. reniformis.

Six thousand juveniles of ¥, incognita and R. reniformis
were inoculated alone or in combination by Ferraz and
Sharma (1979) on to two month 0ld rooted cuttings of
Piper nigrum grown in pots. Fifteen months agfter inoculation,
assessment of root and shoot growth indicated that

M. incognita alone or in cambination with R. reniformis was

highly pathogenic, whereas R. reniformis alone slightly

rromoted growth, Plants inoculated with a combination of
both showed better growth than plants infected only with
M. incognita. The numbor of M. incognita root galls and

Qgg masses per gram root were significantly reduced when



both specles were inoculated together; compared with the

numbers in plants inoculated with M. incognita, alone,

The pathogenicity studies of H. incognita and
R. zeaiformis on moth bean by Hishra and Gaur (1981)

indicate that both the nematodes are 1nﬁependent1y'
pathogenic to moth bean and can cause significant growth
reduction at an initial population below one lnfective
individual per g of soil,

Relationship between the different population
densities of M. locognita and R. reniformis individually
and concomita;tly along with growth of black gram were
studied by Miéhra and Gaur (1981) under pot culture
conditions. Both specles caused significant growth
reduction at the level of onz inﬁectivé individual per
cc, of soll. In concomitant inoculations, the extent 62
growth reduction was relatively lesé than individual

effects, The £resh ghoot welght was more sengitive to

injury than shoot length,

Thomas and Clark (1982) studied interaction of

M, incognita and R. reniformis on sweat potatc. Rosults.

indicate that a competitive lnteraction exist with each

specles capable of inhibiting the other and becoming the

212
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dominant population. The nematodes had no apparent
effect on yield at the inoculun densities used, elther
alene or mixed. Both populations increased cracking
of sweet potatoss, but mixed population did not differ

in incidence of cracking from eilther R. reniformis or

M. ineog aita alone.
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MATERIALS AND METIODS

The nature and degree of pathogenlc effeck causcd by

reni form nematode (Rotylenchulus reniformis) individually
and in combination wlth root-knot nematode (Mcloidogyne
incognita), at varying inoculum levels on ginger {(Zingibor

officinale) was studied by conducting two sets of pot
culture experiments at the College of Horticulture,

Vellanikkara, Trichur,

i, Preparation of soil mixture

The soll mixture for the pot experiments was prepared
by mixing red soll, sand and well decomposed farmyard \

manure in the ratio 2:3:1.

2. Storilization of pot nmixture

The pot mixturce was denematized by applying £ive per
gent formalin under cover of polythene sheets., After three
days, the soil was stirred well and aerated, Again it was
coverad with polythene sheet and aerated after three dayé.
Representative samples were drawn from the donematized
pot 3011 mixture and following the mothod of Cobb'é decanting
and sieving technique; presence of nematode was chocked and.

found no nematodes in the soll mixtu;e. Thae denematised



soil mixture wag £illed in clay pots of 30 Kg capacity.

3. Pure culture of test organigms

Pure culturc of R. reniformis was maintained on cowpea
plants raised in denematiged 301l by inoculating with
infective pre-adult females obtained from the nucleus
culture maintained in the nematology laboratory in the
Department of Entomology.

Pure culture of M. incognita was maintained on Colgus
plahts raised in denematized goil by inoculating surface
gterilizcd egg mass collected fron the roots og plants
maintaineg as nuclecus culture, Sub-culturing was done
periodigally to ensure the availability of suffiéient
1arva} population for both experiments,

4. Raising of test plant

Original seed rhizome of ginger c¢v Thodupuzha local
was obtained from the nucleﬁs stock maintained in the
Department of Plantation Crops, c&llege of Horticulture,
Vellanikkara., From this seed Rhizome, bits of unilform size
welghing 15 g were selected., These secd rhizomes vere
planted in pots at a depth of four to f£ive em and watered
and the pots werc kept in partial chade. After about a

month when the glnger rhizome sprouts emerged a few gprouts



wvere sacrificed and the numnber grown was obgserved, The seed
raizomes put forth threc above ground sprouts and four ko
six number of roots after 45 days of planting.

5., Preparing nematode inoculum and inogulation

Inoculum of the test organism for both the experiments
ware prepared in the following way. Egg masses from the
roots of pure culture plants were ¢ollected and transforred
ﬁo sterile water in cavity blocks and incubated, The
hatched out larvae were collected in a 250 ml beaker. The
number of larvas per ml of suspesnsion was determined by
counting the populatiﬁn from three aliquotes and striking

the average yper ml of suspension.

6. Treatments

The‘follcwing treatments were adopted:-

e Pathggenicitx test with Rotvienchulus reniformis

No nematode

™

Ty 50 Nos per plant LPTQ‘C‘C“"‘H \zewale&)
T2 100 Nos per plant "

TB 200 Nos per plant “

T4 500 Nos per plant ”

TS 1000 Nos per plant .

m’-ﬁ

S0C0 Nos per plant >
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6.b, Interaction on relative pathogonicity of Rotylonchulus
renlformis with Maloldogyne incqgnita

To No nematods

Tl‘ 1000 Nos R. reniformis alone/plant

Tz 1000 wos [, incognita alone/plant

T, Mixture of 500 R. reniformis+5Q0 M. incognita/plant
T, Mixture of 1000 R. reniformis+l000 M. incognita/plant

Inoculation in both cases was done by boring five
holes in each pot (axcept 'control) at 5-10 am depths away
from tho stemn. The required gquantity of suspension was
pipetted out and poured equally’ into the holes and plu_éged
immedlately with sterlile soll. Pots were watered regularly
to keep the soll just moist, HNo chemical fungicides or
pesticides were added to the pote. The experimental pots
vere mintainéd in partial shade. The experiment was .

concluded after 120 days of inoculation,

The treatments were raplicated four timce.,

7. Gbgervationg

In both tha experiments, observations on tiller
i

productions, leaf production, height of tillers, length

of leaves and width of leaves were taken before inocculation,



All the above obsecrvations were recorded at monthly
intervals 30, 60, 90 and 120 days after inoculation. The
increase in growth parameters after 30, 60, 20 and 120
days were recorded by finding the difference between

the observations recorded before and after inocculations.

7.1, Number of tillers

Observations on the number of tillers before inoculation
and four observations after inoculations were taken at an
interval of 30 days. Eﬁen very small sprouts that emerged
were counted., The diffeienca before and after inoculation
was recorded for each repiication as additional tiiler

production after 30, 60, 90 and 120 days of inoculatlon.

7.2+ Bumber of leaves

Number of leaveé on all the tillers were counted
and the average number of leavaes per tiller recorded for
each raplication before iﬁoculation and at intervals of
30, 60,90 and 120 days of inoculation, Increase in leaf
production 30 days after lnoculation was worked out by
subtracting the number of leaves beforeninoculation from
the number of leaves after inoculation, Similarly the

additional number of leaves produced after 60,90 and



120 days of inoculation was worked out by £inding the
difference in the number of leaves before and after

ilnoculation,

7.3. Holght of tillers

Height of all the tillers were taken from the base
of the tiller ie. from the ground level to the base of
the last leaEZand the average height of tillers found
for each roplicatlon before inoculation and at 30, 60,
90 and 120 days after inoculation. Difference in height
before and after inoculatlon at different intervals was

worked out.

7.4, longth of middle leaf

length of middle lea2f of all the tillers were measured
from the base of the leaf to the leaf tip and. the.average
length found for each replication before inoculation and
at 30, 60, 90 and 120'days after inoculation. Increase
in lenéth of middle leaf after inoculation at different
intervals was recorded.by f£inding thce difference before

and after inoculation.

7.5. Width of middle leaf

width of niddle leaf of all tillers were taken from

the middle of the leaf lamina which gave the highest width.
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Tha average wildth for each replication before incculation .
and at 30, 60; 90 and 120 days after inoculation and
increase in width before and after inoculation at

differcent intervals worked out.

7064 Fresh weight of tons

After 120 days of inoculation the tops of plants wore
cut off and their fresh weights were taken. Immediately,
the tops were cut into small pileces and put in paper
cover and kept in ailr oven running constantly at a0%%.

The plant materials were weighed till a constant dry

welght was observed,

7.7, resh welght of root

Each experimental pot was tilted over a large
polythene sheet and after dislodging the adhering soil,
the root system and rhizoﬁe werce put In a bucket full of
water. The roots were blotted and fresh welght of roots

were recorded,

7.8. Fresh welght of rhizome

As in the case of roots, the rirlzomes were separated,

washed thoroughly, blotted and fresh wolght taken.
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7.9« Eatimation of population of nomatodes in soil

The soil from each pot was thoroughly mixed aftcer
rempoval of the root system with rhizome and a
reprasentative sample of 100 g weighed out and processed
for extracting the nematodes. Nematodes were oextracted,
following éhe modified method of Cobb's decanting and
sieving tcchnique (Caristie and Perry 1951), Nematode
sugpension was made up to a constant volume by adding
sterile water. Number of nematocdes, in an aliquot’ of
one ml pipeétod out from the above suspension, were
countad under a storioscopic binocular microscope,’
Three such aliquotes were counted and average population
per ml and in the made up' ¢onstant volume worked out.
The total nematode population in tho who;e pot was also

computed and estimated,

7.10. Estimation of population of nematodes in roots

Five g of clcaned representative root samples were
weighed out from each experimental pot, and stained in
acld fuchsin (Southey, 1970) and kept overnight in
lactophenol for destaining. The roots were then teased

and examined under binocular sterco-microscope and the

numbor of debeloping stages and adult females of both



renlform and root-knot nematodes were counted., The
ncnmatode population in the whole roots were alse then

computed and estimatoed,
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RESULTS

The results obtained from the two pot culture
experiments namely, pathogenicity of reniform nematode on
ginger and relative pathogenic interaction of the root=knot
and reniform nematodeg on ginger are présented in this chapter,

1. Pathogeniteity of Rotylenchulus reniformis on ginger

1.1, Height of tillers

Obgervations recorded on helght of tillers (Table 1)
did not show significant variation between the different

Tabla 1, Effect of different inoculum levels of reniform
nemtode on the difference in hoight of tillers
at different intervals after inoculation.

Difference in height of tillers
(Mean of four replications in cm )

~n

Treatment 30 days 60 days 890 days 120 days

To =296 =3,31 7.05 770
T1 3,45 wle23 5,13 6,50
Tz =3,54 =3,63 5.17 5.55
T3 1.78 -3,65 338 2,92
T, 0.58 . =4, 38 2,97 1.89
T5 =5,16 -5,03 2.29 1,26
T6 =5,73 =4 .40 2412 2.63
CD (5%) Ns s Ng NS

trecatments. A general trend of decrease in the height of

tillers was observed with increase in incculum level, The



percentage reduction range from 15,58 to 83.64 at 120 days
of inoculation., The higher percentage of decrease of é3.64
was observed in T, after 120 days.

Table 2. Effect of different inoculum levels of reniform

nematede on the dlfference in tiller production
at diffarent intervals after inoculation,

nnifference in the number of tillers
{Mean of four replications)

Treatment 30 days 60 days 90 days 120 days
To 1.50 4,00 5.50 7.80
Ty 1.50 2450 3.90 5430
T, 1.50 2.80 4,00 5450
Tq 1.30 3.30 4,30 5.80
T, 1.25 3.50 4.30 6,00
Ty 1,50 3.80 4,50 6430
Te, 1.80 3.80 5.80 8,00
CD (5%) Ns 1.40 N8 2430

1.2, Tiller production

The number of tillers produced by the plants under
different treatments after 30, 60, 90 and 120 days of
inoculation of the nematode are presented in Table 2., Except
in the treatmonts Tge the oumber of tillers in all other
treatments produced are less than that of the control (To).
The data indlcated significant difference in reduétion in
tiller producticn only in the case of Ti compared to To
after 60 and 120 days.
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1.3, Nunber of leaves

Tha data recorded ar.:e presented in Table. .3, The incraase
in the number of leaves produced by the plants 9C and 120
days after inoculation showed significant reduction in

Table 3, Effeuc of different inoculum levels of reniform

nematode on difference in leaf producticn at
different iagtervals after inoculation

Difference in the number of lzaves
{i%san of four replications)

Treatment 30 days 60 days 90 days 120 days

T, 3 7 9 10
Ty 1 5 7 8
T, 2 5 7 8
Ty 3 5 7 B
T, 4 4 6 7
T 2 4 5 7
Ty 1 4 5 6
cD (5%) Ns Ns 2.57 2,90

traatments T 4

other treatnments eventhough the plants did show arcduction in

. ‘I‘s and '1'6. when compared with control. In ail

the number of kves, they were statistically insignificant.

The percentage of reduction in leaf preduction in
treatments T,, Ty and T, works out to 33.33, 44.44, and
44.44 after 90 days and 30.00, 30.00 and 40.00 after 120

days respectively compared to To‘



1.4. length of leaf
The da;a on the increaco in leaf length at 30, 60, 20
and 120 days are furnished in Tgble 4. The increase in
inoculation lewvels show a slgnificant reduction in the length.
Table 4, Effect of differont inoculum levels of reniform

nomatode on dléference in length of leaves at
different intervals after inoculation

Difference in the length of leaves
(12an of four replications in cm )

Treatment 30 days 60 days 90 days 120 daye

?0 2.40 2.58 J.32 5.60
Ti =0,50 =0y 20 0457 0.94
Tz‘ =0:75 ~1436 -1,19 0,32
T3 ~0,24 71-46 -) ,30 -0, 05
T4 «0,19 =1.,567 ~1.24 =0, 35
Ts =1.00 =209 =1,90- =0, 60
TG =1 .60 =2,40 «} ,80 =1,15
Cp(5%) N5 Ns 5.08 6437

of leavaes in Tg and Te‘at 90 days of nematode inoculation
compared to T . After 120 days, T, was significantly differen
compared to Tb.: The percentage of reduction in the leagth in
the above treatment works out to 157, 155 after 90 days for
Ty and Ty and 120,5 after 120 days for Te compared to Tba

1 .5, width oL 1ea.ves

Obgervations were recorded to assess whethor tho
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pathogen;c effect: 1s reflected on the width of leaves, Data

were collected at 30, 60, 90 and 120 days of .'lnocﬁlatioh

and presenéed in Table 5. The data show a general tendendy

in reduction of the width of the leaves at 30, 60, 90 and |
Table 5. Effect of different inoculum levels of ronlform

nematode con difference in width of leaves at
different intervals after inoculation.

Difference in width of laeag
(Mean of 4 replications 4in com )

Treatment 30 days 60 days 90 days 120 days

Ty 0.18 20,07 =0.23 =0.13
Ty ~0,28 ~0.11 «0.28 =0.34
T, «0,16 =0,20 = =0,33 =0.36
Ty =0,20 =0,26 =0435 =0,39
T, -0.21 «0,32 «0.36 ~0.41
Tg -0,3¢ =0.36 ~0.43 =047
T, =0,51 =0,53 «0.43 ~0:47

CD (5%) =~ 0.47 Ns Ns Ns

120 Qays after inoculation. Treatments Tge T differed signi-
ficantly with control T, after 30 days.,

1.6, leaf area

The data éecorded on the leaf area at 30, 60, 90 and
120 days are presented in Table 6., The data show a
sign_ificant variation in reduction of leaf area between

the different treatments only in the case of observations



Table 6, Effect of different incculum lovels of reniform
nematode on dl£ference in leaf area at
different levels after inoculation.

Differcence in leaf area.
{Mean of 4 repllcations in Sg cm )

Treatments 30 daya 60 days 90 days 120 adays
T, 7.78 5.23 7.65 8473
T1 =205 =470 «5,35 -1,67
TZ ~3441 «5,19 -5,83 -2,03
T3 =4 .60 =5 ,89 «5,71 -5el?
T, 5420 -64+15 =, 46 5,27
TS =5 4,20 =5 76 7,80 =5,50
T, (496 =-8,47 =3,39 <a=lls056
CD (5%) NS Na Ns 19.11

120 days after nematode inoculation, This variation is
found between the treatments '1'6 and Tb. The percentage

of reduction in leaf area in T, is 226 compared to Tb.

1.7. Top weight {(fresh and Aary)

The data recorded as fraesh and dry top weight of planta
under different treatments are presented in Table 7. Though
the observations show a decreasing trend in bhoth fresh and
dry welght of tops, with the increase in inoculum level,
statistically they are not significant, The maximum fresh

and dry top weignt was recorded in plants under T, and
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Table 7., Effocks of different inoculum levels of
reniform nematode on top welght J(fresh and dry)
after 120 days of inoculation.

Top welght
(Mean of 4 replications in g )

‘Treatment fredh: ary
To 73.75 12,50
T1 675 11,00
T2 64,25 10,00
T3 64,00 9-7§
‘I‘4 53.25 9625
TS 51,50 8,75
‘1‘6 49,25 8.25
CD (5%) Ns Ns

-the leaat was recorded in plants under Te.

1.8. Rhizone weight and root waight

The data collected on the fresh welght of rhizomes
and rooks at 120 days after inoculaticn are prosented ia

Table 8,
a) Rhizome weight

The maximum rhizome welght was recorded in plants
under T, and the minimum was recorded in T,. Eventhough
there is a clear decreasing trend in ths rhizome weight
in plants under differénh treatments, with the increase in
inoculum level, the treatment dld not show significant

difference statistically;



Table 8, Effecqt of difforent inoculum levels of reniform
nematode on rhizome weight and root weight
after 120 days of inoculation.

Treatment Rhigome Root
weight waight

{Mean of 4 repliéations ing )

Ty 139,75 59,25
Ty 120,00 51,00
T2 113,50 47425
T3 101.25 46,25
T4 98,75 45,25
TS 98,50 43,25
TG 92,75 42,75
CD (5%) Ns Ns

b) Root woeight
The highest and the leqst £resh root welghts were

observed in plants under treatments Tb and T6 respectively.
Though the data_indicate a decreasing tendency in root
welght of plants under different treatments, they were

found statistically insignificant.

1.9, Final nematode population

The obscrvations on the f£inal soil, root and total
nematode population at the emd of 120 days of incculation
in the pots are presented in Table 9.

3



a) Nematods population in soil
The nematode population in soll was least in Ti and
ﬁighest ianﬁ-am@ng the inoculated potss The soll

Table 9, Effect of dlfferent inoculum levels of ranifo§m
nematode on £inal population.dfter 120 days ©

inoculatlion
= par pot - Multipiica=-
Treatment : Total ticn
Soil Root . factor
T, 0 4] 0 0
Tl 67350 676 68026 1360
Ty 73125 1098 74223 742
Ty 75600 1178 76778 3384
Ta 92175 1457 93632 187
Ty 95025 1842 96867 97.80
Te 101475 2427 103902 20,70

CD (5%4) 2787.50 713,25 - -

population in different pots show signiflcant difference
between the treatments., The population in treatments Ty

and T, were on par, whereas in all the other treatments
they differea'siggificantly showing an increase in
population with the increaée in the inltial inoculum level.
' b) Root_population
The data recorded on the root pSpulation separately
are given in Table 9; The lowest and the highest
ropulation were chserved in T1 and Té respectively. In

31



the case of root population alse the different treatments
recorded an increasing trend in the order of increase in
the initial inoculum level. However the root populaticn

were statistically on par in the case of treatments Tl'

T2.T3 and TB, T4' Té and in the case of 7 .Ts and Te.
7. differed significantly from T, T, 7T, and *, T. from
6 1. 2; 3 4. 3}

Tland TZ. ‘1’4 £rom Tl

¢) Zgtal population
The chservations on the £imal teotal populaticn

computed are presented (Table 9) which shows an increasing
trend in the case of soll and root populatlion. The
multiplication factor of the nematcde was found masximum
in T1 and least in T, 1ndicating 1360 timeg and 20,7 times
respectively. ‘ ' i



2« Interaction between Rotvienchylus reniformis and
Meloidogynmo incognita on ginger.

As 4n tho case of pathogonccity studies, an experiment -
was laid out to study the effect of individual and combined
population of Re. realformis and M. incggn.lga at four
inéculum Gonsities on gingar, and the rosults are rgported
“here, All the parameters indicated in éhe first experiment
were cbserved and recorded in this test also,
2sl. Holgnt of tillers

The cbservations rocorded on the helght of tillers of

Table 10, Effect of individual and combined inoculations
of roote~inot and reniform nematoda on difference

in helght of tillers at Alfferent intexrvals
after lnocuiations,

Height of tillers
(Mean of 4 replications in cn)

‘Preatments .30 days 30 Qays 30 days 130 days.
T, 8,18 3,30 7.22 7425
Ty 5,74 =5,01 2.90 4,33
‘1‘2 -4 «88 -\'-5.. a7 | 2.. 68 62_‘. 67
’I‘B w3402 wl,61 4,23 5.69
T4 =3,56 wilil 4,63 5,37

CD, (5%) 13,87 Ns NS Ns

plants under different treatments at 30,60, '90 and: 120 days
of incculation are furnished 4in Table 10, The height of
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tillers under T, was seen slgnificantly reduced after 30
days of inoculation when compared with control. Afbeﬁ
120 days control recordsd the maximun height and T, tho
lcast helght of tillers, even though they were aatisgically
insignificant.
2.2. Tiller production
Number of tillers produced by the plants under

diffeﬁent treoatments afker 30, 60, 90 and 120 days of

Table 11. Effect of individual and combined inoculations

of root=knot and reniform nematode on differente

intiller production at different intervals after
inoculation,

Mumber of tillers
{Mecan of 4 roplications)

Treatments 30 days 60 days 90 days 120 days

Ty, 2 4 ) 8
Tl 2 3 4 6
T, 1 3 4 4
‘I'3 1 4 5 6
Ty 1 4 4 5
CD (5%) 0.91 N . Na 3.3

inoculation are presented in TaBle 11, After 30 days
treatments T,, T, and T, were on par and differed
significantly f£rom control,. After 120 Gays; inoculation
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with M. incognita alone (‘1'2) aiffered significantly £rom
control (TO).‘

Table 12, Effect of individual and combined inoculations
of root-knot and reniform nematodse on dlffexence
in nunber of leaves at different intervals after
inoculation.

Nunber of leaves
{%can of 4 replications)

Treatments . 30 days 60 days 90 days 120 days

TQ- . 3 5 8 10
T, 1 3 5 6
T, 1 3 55 7
T3 1 3 6 8
T4 p 3 6 7
CDh (5%) Ns N3 2.48 Ns

2,3, Iecaf prajuction
The observations recorded on leaf productions are

presanted 4in Table 12. The number of leaves produced by

the plants 4id not show any significant difference batween
treatmonts after 50, 60 and 120 days of nematode incculation.
However the observation on the leaf nqmbers after S0 days 4in
('1‘1) angd ('1'2) showed homogenity and dlffered aig;nificantly
£rom the plants under check (T,

2.4, lenath of loaf

The data on length of leaf are presented in Table 13,
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Table 13, Bffect of individual and combined inoculations of
root=knot and reniform nematode on difference in
the length of leaves at different intervals after
inoculation.

Difference in length
(Mean of 4 replications in cm)

Treatments 30 days 60 days 90 days 120 days

Ty 1.27 2.58 3.32 5.60

Ty -1.00 -2.09 =1,90 «0,60

T, -1.81 -1;65 =2,87 «1,75

T, 1.25 -0,28 2,44 2.81

T, 1.84 -0,51 1,15 2,66
Ch (5

%) Ns . 4,88 476 5,60

1]

The length of leaf showed significant difference in plants
after 60, 90 and 120 days of nematode inoculation, Tl differed
significantly from control after 60 days. After 90 days
treatments Tl and 'I'2 were on par, the reduc:ioﬂﬁlength being
~1.9 and «2,87 respectively and differed significantly from
cherck (Tb with 3.32). |

Simllarly after 120 days of nematode inoculation T, and
T2 recorded reduced leaf length of «0,60 and =1,75 respectivély
which differed from control with length 5.60., The decrease in
length of leaf in T, was more than T,after 90 and 120 days of
inoculation,
2.5, Width of middle leaf

The data recorded on the width of laf are furnished in
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Table 14, Effect of individual and combined inoculations of
root=knot and reniform nem=tode on difference in

width of middle lea¥ts at different intervals
after inoculation

width of leaf-
(Mean of 4 replications in cm)

Tréatments’ 30 days' = 60 days 90 days 120 days

T, C.18 °  0.02  =0,23 =0,13
T, «0,34  =0,36 “0,41 . =0.42
TZ --O.‘IZZ : -O.‘l_6 . -Qe 23 : 1-90.38
T, “0,15  .=0,02 ~0,08 =027
T, -0,18 =0,05 «0,04 -0,28

e (5%) 0,37 Ns Ns Ns

Table 14. The leaf wideh shdwed'éignificant differénce in
plants inoculated with the nematodes individually in plants
under Ty6 and T2 over the plants in check (T ) after 30 days.
-All treatments did not show significant variation on width of
middle leaf at other periods.

2464 Leaf area

| The observations recorded on the leaf area are presented
in Table 15, The- plants under treatment inoculated with

M, incognita alone (Tz) was found with reduced leaf area
compared to control after 30 days. After 90 days and

120 days the leaf area of the plants under both treatments
with R.reniformis and M. incognita alone (T, and T,) were

reduced and were on par and differed significantly
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Table 15. Effect of individual and camblned inoculations
of root-=knot and reniform nematode on the
difference in leaf area at different interwvals
after inoculation.

Ieaf area
(Mean of 4 replications in sqg. cm)

Treatments 30 days 60 days 90 days 120 days

T, 7.78 5.23 7465 8.73
T, “5,15 ~6.76 ~7.88 =5.50
T, =5.96 . =7.16 =7.64 ~7.09
T, -1,13 ~0.99 =2,53 -4.64
T, -2.82 ~1,30 -3.23 -4.87
CD (5%) 13,19 Ns - 13,65 13.21

-

from control,

2.7 Top weight

a) Fresh

The data are presented in table 16, The plants under
check (To).were found superior to all other treatments with
méximum top weilght of 73 g. All other treatments were on
par with weights recorded 51.5, 41,1, 44.6, 35.4 for T1.T2.
Taand Té respectively. All qf them dif?ered slgnificantly

from control. In the case of individual inoculation

M. incognita caused more reduction than R.reniformis. In

combined inoculation the reduction in top weight increased
wlth increase in inozulum level,

b) bry
The data are prsented in Table 16, The plants under
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Table 16, Effect of individial and combined inoculations of
roct=kncot and renlform nematods on top waight

(frash and dry)after 120 days of incculation

Mean of 4 replications in g -

Treatments Top welght f£resh Top weight dry
T, ' 73.00 11,50
';‘I'1 51.50 8475
Ty ‘ 45.13 7.00
‘I'3 44,63 Ga75
T, 35,40 5400
CD {5%) 18,13 2457

control recorded the maximum top dry weight with 11.5 which
was supericr wheq commred to a‘ll other treatments, The
least dry welght was recordad in plants with combined
incenlations of nenatode ("i‘é) with welght 5 g which dlffered
significantly from Tland Ty with welghts 8,75g and 11,5 g
respectively. Treatments Tl. %, aml T, were homogenous with
welghts 8.75g, 7.009, 6.759 respectively and they differed
slgnificantly €rom control, -

248e Rhizom and root wailght

a) Rhlzome welght

The data recorded on rulzome and root welghts after
120 days of nematode inoculation under different treatments

are presented in Table 17, Mindimum rhizome welght of 61.25g
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Table 17. Effect of individual and combined inoculations of
rooteknot and reniform nematode on rhizome and
root weightgafter 120 days of inoculation,

¥Mean of 4 roplications in g

Treatments Rnizome waigm; Root weight
T, 140.25 59;;-25
T, 100,75 43,00
T, 80,00 36,25
T, 69,25 32,75
T, 61425 29,00

CD (5%) 48,06 14,96

was recorded in pints undar tfeatmant T, and maxdmey of
140,253 was in plants under check (TQ).-. The plants.unser

treatments Tz‘ T3, and T,werc on par and recorded an average
rhizome welght of B0,003, 69,25 respectively and differed
pignificantly from control, The rhizome wiight recorded in
plants under treatment Ty Ald not differ significantly from
control, More reduction was cbserved in plants inoculated
with both the nomatodes, The rhizome weight of plants under
T,Was on par with that of plants under treatment T

b) Root_welght

Data arae presented in Table 17. The plants under
checik (To) recordzd maxioun oot welght of 59,25g. All
other l:reatmente‘t-rere on par and they differed siéuific.antly
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from contiol, Root welghts recorded in treatments Ty, Tg’

4 Were 43,00 g, 36425 g ard 29,00 g respectively.

The laeast root welght was pecarded in plants inoculated

and TB. T

with thousand lazvae of both the namatodes,

Be%9e Final populotion

Chaarvation on the £inal soil, root and total
nematede population at the end of 3120 days of inocuiavzoun
in the pots are presented in Table 18,

a) Nematode powulation in soil

Nematode population im pots vnder individual inoculation
treatments %1 anl ?2 were on par and difiered significantly
from combined incculation treatmants Ty and T, which were
on pa¥r. The nematode vopuletions in soll) under dAlfferent
treatments 1., T,, Ty ANA T,were 94950, 97500, 78000 and
88,500 regpectively. In the case of individual and ccnibined
nematode innculation soil ponulation of roote=kpnot increased

more than that of reinform nematodzs

b)) lematode ponulation ia roots

In the case of root population also treatments T, and

&

T2 and treatments T3 and T4 fall in two homogenous gooups
which differced signlficantly between groumsbut not within
groups. Sigunificant reduction in population was noticed

. in combined inoculation when compared with individwml



Table 18, Effect of individual and combined inoculations of roch-knot and reniform
namatodes on final population after 120 days of incculation

{#ean Of ¢ replications)

Number per plant

Treatment ,° 1 2 | 3 o 4 L
Re(1000) RE(1000) RE(S00 )+ Rk (500 ) Total Rr (1000 )+Rk(1000) Total CD(S%)
ﬁ'i’éﬁ popula=g  gag50 97500 0 26625 51375 78000 26025 56475 82500 4937
Eggg popula~, 1843 1630 303 380 683 285 368 653 43
Total -~ 96793 95130 . 26928  S51756 78683 26310 56543 83153 -

27
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inccylation treatments. The population recorded under
variops treatnents are in the oxder 1843, 1630, 683 and .
653 for 'I‘:,_. Tz' '1'3.‘ and T4 respectively, The populatien
of M. incognita was more in roots in 3il the cases of
plants under treatments T, t0 T,s The result also shows
thet wihen oithar of the nematode was inacx;lated alone

R. reniformis recorded a higher number of mopulation in
roots than M, incojnita whereas when both nematodss wore
inoculated in cc»a*him;:l.on witn equal aumber, M.incogudta
recorded a higher population level in the routs, This
shows that in the presence of rootwknot infection reniform.
nematode will be less when both nemetodes occur in the soil,
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DIGCUSSION

Ginger the imporsanct annuas BPLCE QLOp custavaced in
our country play a major rale in the rural economy of
farmers of Assanm, limachal Pradesh and Kerala, The
root-knot and reniform nematodes are the two major
pasts occuring_widely in the ginger growing areas of the
country. The pathogenic effect and damage caused by
the réot-knOt nematode He incognita on ginger have already
been studied (Huang, 1966}, The frequent association of
the reaniform nematode Re reniformis in soll where ginger
is grown has been reported by a few workers (sSwarup et al.
1967; Sundarraju gt al. 1979.) No detailed studies on its
pathogenic effect and level of damage caused by it have
been conducted and reported, In Kerala ginger is the
main ¢rop groun in Nastern ghat hilly regions and these
agricultural lands arc infested either by root=knot and
reni forn nem;toﬂes or by both., Hence it was found
necessary thaﬁ a study of this type is to be taken up
., to gather scientific evidence on the role of these
nematodes, in glnger crop cultivation and production, Two
experiments were thorefore carried out undsr pot culture
conditlions {0 underséand the degree of pathogenic effect

caused by the reniform nematode R. reniformis on ginger



and the ralative pathogenlc interaction effect caused by

it along with the root-=knot ncmatode . lncognita.

The pot culture experiment on pathogenic effect of
reniform nematode had established that ginger is a very
good host for the nematode, The population bulld up of
nematode on tho host at the end of 120 days was 1360 timos
from an initial inoculum of 50 number of infective stages
provided. The lafge nuﬁber of developlng and matured
adults found attached on the roots ® 13/g root, to 57/9
root (Tables 8,9) at an initial ineculun ;evels of 50
and 5000, clearly show that the nematode éould readily
infect the host, develdp and multiply. The multiplication
of nematode on different hosts has been reported by
villanueva and Castilio (1976) on cowpea, Gupta and Yadev
(1982) on green gram, Sivakumar and Seshadri (1971) on
castor and in these cases the rate of multiplication were
greatest/least in treatﬁents with a lowest and highest
inoculum regpectively. The reasons for tha slow
pultiplication of the nomatode in the plants treated
withahighest_inoculum might be due to the non avallability
of required quantum of root production by the host plant,
In this experiment the gfowtb parameters such as number 6£
tillers, 1eaf'production. ieaf length and width of leaves
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(Tables 2, 3, 4, 8) were found to be influenced by the -
higher inoculum. levels between 90-120 days of adding
the nematode inoculum (Fig. 1) It 1s also cbserved tha
there is a marked difference in the trend of reduction
of the growth parameters (Tables 7 and 8) namely, top
weight (£fresh and dry),; and rhizome and root welght of
the nematode inoculated plants, even though the data
collected Ald not show slgnificant dlfferonce, between
the treatmenﬁs. The above observations are similar to
that reported by Ayala (1962) and shat of Sivakumar
and Seshaded (1971), The present study had not showm
any effect of the nematode on reduction in top welght
even after 120 days of nematode inoculation, So the

- early termination of the experiment (after 120 days

of nematode inoculation) may be the reason for not
obtaining the required pathogenic effect on the plants
as induced by the nematode, Similar results have been
reported in the case of reniform nematode on cowpea

by Villaneuva and Castillo (1976) who observaed that
there was no significant reductidn in top welghts of
rlants even after two months of nematodes inoculation,
including a highest inoculum of 10,000 nematodes/seedling,

The crop duraticn of gingor is 8-9 months (Venkataraman,1982)



Figure 1. Effect of different incoulum levels of reniform
nematode on growth parameters of ginger after
120 days of inoculation
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and the limited experimental period is inadegquate for
the rcalisation of the full pathogen;a effect of the

nematode inoculated plants.

The pathogenic effecat of the nematodes, ind;vidually

or in ceoabination were observed in the relative pathogenicity

experiment in the case of growth parameters, mainly, height
of tillers, tiller producticn, leaf production, length of
leaf, width of leaves, leaf area, rhdzome weight, root
welght, fresh and dry weight of tops (Fig. 2 and 3).
However a higher degfee of pathogenic effect was found

to be caused by the root-knot nematode alone (T,)
inoculated plants and in plants inoculated with both

the nematodes in equal numbers (T3 and T4)r The population
of nematodes recorded in the roots in plants under different
treatments as indicated by the presence of the adultis |
(including developing stages) reveal that the degree of
infectivity is more in the case of root-knot nematodes,
than reniform nematodes (Tablel8). The chservations in

the segond axperimoent show that when either of the

nematode was inoculated alone, R. reniformis recorded a
higher number c¢f population in rcots than M., ingognita
whereas, vhen both nematodes were incculated in combination
simulbaneously at equal nuxbers; M. incognita recorded

a higher population level in the roots, This indicate that
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Flgure 2, Effcct of individual and combined inoculations
of poot-knot and renlform nomatode on growth
parancters of ginger after 120 days of

inoculation
T, = Check
T, ( 1000 Nos. Re reniformis alone/plant)
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4 § tdxture of 1000 R. peniformls+

1000 M. incognita/plant)

M3







UNITS>
- WSO 3o W

— _
&~ N

—-— el o
- NOWw

o

Top weight (fresh)  10g=1 unit
; Top weight({dry)  19=1 unit
| Rhizome weight * 1g=1 unit

-
s Root weight - 1g=1 unit
[
i B

T Ta

TREATMENTS

Effect of moculum levels ot .root-knot andreniform

nematodes alone’ or in combination .6n fresh. wetght

fof tops, dry welght of tops, rhlzome wefght and

root welght in gmger 120 days after inoculation .
FIG- 3 -



48

in the presence of root-knot infection, reniform ncematode
infection will ba less, when both nematodes occur naturally
in soil. The above observation is in conformity with the
report of Singh (1976) who found that M. incognita inhibited
increase of R. reniformig in soybean when simultancous
incoculation of both were made, This may be tho reason for
‘produeing a high degrece of pathogenic effect by the root=knot.
nematode or its combination with the reniform ncmatode in
reflecting on the growth paramsters. Similar observationﬁ
has been reported by Ferraz and Sharma (1979) on Piper

nigrum. They found that . incognita alone or in

combination with R, reniformis was highly pathogenic, but

in respect of the number of root galls and egg mass per
gram root, there was significant reduction when both
nematodes werce inoculated together than when M. incognita

was inoculated alone,

The above study reveal that the ginger is a very good
host for the reniform nematode’ R. reniformig and it can
cause pathogenic effect to considerable extent, and can
adversly affect the tiller and leaf production, leaf
length and width, The tops, rhizome and root weight are
also affccted by the nematode infection at 1000 or 5000

infective stages, per plant or at a threshold level
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33 to 165 ncmatodes per kilogram of soll, However -
detalled studies cqovering the entire crop period to
maturity has to be taken up for gathering confirmative
avidence on the above aspects, In the gase of the
second experiment the results indicate that the root-=knot
nematodc causes more pathogenic effect on ginger than

the reniform nematode.



Summary




SUMMARY

Two sets of pot culture experiments were laid out
at the Department of Agricultural Entomology, College of
Horticulture. (1) to stuéy the pathogenlc effect of
different inoculum lovels of renlform nematode alone-on
ginger, comprising of‘seven trecatments of 0, 50, 100,
200, 500, 1000 and S000 nematodes/plant with four
replications, (i1i) to study the pathogenic cffect of
different inoculum leﬁels.of reot-knot and reniform
nematode alone or in conblnation, conprising of f£ive
treatments of O, 1000 reniform alone, 1000 root-knot
alone, 500 each of rooteknot and rcpiform and 1000 cach

of root-knot and rcniform/plant replicated four times, -

In both the experiments observations on growth
parameters werce recorded at monthly intervals ie. bafore

and after 30, 60, 90 and 120 days of inoculation.

Tho results in the experiment on pathogenicity
indicated that an initial inoculum level of 1000 or 5000
renifornm nematodes/plant secms ko have more pathogenic
effect on ginger, at the end of 120 days. In the oxporiment
on individual and combined incculations of reniform and

root-knot nematodes revealed, homogeneity in affeacting most
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of the growth parameters in plénts when thoe nematodes
were prasent alone and differed significantly from
plants with no nematodes. The result also indicated

. that the root-kinot nematode was more pathogenic than
the reniform nematode whereas the combined inoculations
had no effect on external characters, But there was
apparent effcot on yiel@; With regard to reduction

in tops (fresh and dry) rhizome and root weight,
combined inoculations 1000 each of both nematodes gave

significant difference over non-incculated plants.
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ABSTRACT

Tuo pot culture expsrlments wore laid ocut (1) so
gtudy the pathogonic offect of difforent inozulun levels

Of R. zealforais on ginger comprinoing of seven treatments

and four replicaticns and (i1i) to study the rolative
pashogenlie affect of roog=knot and renlform nematodes
singly or in combinations on tho saa2 crop comprlsing of
£ive treatmente and four raplications. The dura'tién'of

ctudy was 120 days.

The rasult sovoalg that ginger 1ls a good host for

reniform nomatcds fl. ronifornmig and it can cause

pathogoailc offoct at a considerable extond at higher

inogulum lovals, wibthin a poriced of 120 davo.

T2 the exporimont uith . iocognita and R. penifornds

the pathogonic effect was homogenous la moctk of thwe growth
paramaters whon thoy wcra preseont alone ond eignificantly
different, whoreas in combinod inooulum oven though there
was not muth offect on orgth pramrters, considerable
reductlon in plant zop waight and yield wag -:ohserved,
Howover zook-knot nematodo was choorved to oause more
pathogenic cffect than roniform nomatode, within study

paricd of 120 days.



