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INTRODUCTION

Nematodes "a wonder group among the animal kingdom®
nose one of the aggraVatiné pest problems in Agriculture.
The presence of host plants in abundante and the conduclve
climatlc conditions af our country have been instrumental
in stimulating the development of nematodes after éausing

heavy crop losses.

Cowpea (Vigna unquiculata L. walp) is an anclent
crop now grown as a pulse, as a vagetable or for fodder
throughout the trooicsg and subtrbpics. In india its seed
production for human use 1s probably the greatest (Steele,
1976) and in Kerala this crop covers more than 75 per cent

of the area under pulses.

Of the several constraints in the éroductivity of
this crop, pests and diseases have a leading rols. Plant
naraslitic nematcdes are invariably found in the soil arcund
the roots of cowpea plants. The important parasitic forms
ldentified are Meloldogyne spp., Hetgrodera spp., Pratg;en-v

chus sPp., Tg;otxlenchug spp. and Rotvlenchulus reniformis
and they cause haavy leoss in yield regularly (Yédav. 19388).

In Kerala rooteknot nematode (Meloidogyne incognita
{Kofold and White) chitwood) and reniform nematecde




{(Rotylenchulus reniformis (Linford and Cliveira) ﬁave gained
considerable importance among the phytonematcdes as pest of
cowpea. Though the pathogenicity and damage potential of
these nematodes have been studlied by earlier workers on the
different crops (Singh 1975; Gaur and Prasad, 1980; Raut and
Sethi, 1980; Naganathan, 1934), The information available
on pathegenicity of these nematodes to cowpea and on the

relative 1mpertanée ef the two nematodes is very meagre.

Hence detailed studies were carried out during 1986=82
for assessing the extent of damage caused by M. incoanita

and R. reniformis to cowpea 1ndiv1dually and in combination,
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1. REVIEW OF LITERATURE

The root-knot nematode (Meloidoayne incoanita
(Kofoid and White) Chit wood) and reniform nematode

(Retvlenchulus reniformis Linford and ©liveira) occur in
polyspecific communities in the same séil and root samples.
The pathogenicity and thresheld levels of these nematodas
on various crops have been studied., Information on the
interaction of these nematodeé cohabiting cn some hosts

are also available. A brief review on these aspects relate

ing to the nematodes is presented bslow,

1.1 Crop loss caused by the nematcdes

1.1.1 M. incoqnita

In solanacecus vegetables like chillies, brinjzl and
tomato Sen {(1953) reported a crop loss of 70 per cent solely
due to the attack of roote~knot nematode. Chidambaranathan
and Rangaswamy (196%) cbserved considerable raduction in
shoot, root and plant welght in these crops, Birat (1963)
ohserved galled roots, marked shertening of tap roots and
significant loss in root, shoot and fruit weight in bhindi

whoen inoculated wiith root=knot nematode,



In a field expariment, Mayol and Bergescn {1970)
observed 75 per cent reduction in weight of fo;iage and 483
per cent reduction in root welght of tomato when inoculated
with M. incoqnita. Yield losses upto 85.3 per cent and 39.9
psr cent have bean rapor?ad in tomato plants inoculated with

of

M. incognita at the time/plantang arvi flowering respectively
(Ducusin and Davide, 1972).

Pathogenicity teost made by Castille ang Bulamg (1974)
in celery seedlings with Meloidogvyna Spn. showed significant
reduction in tép weight and root weight with high gall rate
ings. |

Barker et al. (1975) reported a yield loss of 30 to
8% per cent in tomato grown in the coastal plains dua to
the infection éf root-knot nematode, whereas in the mountae
necus raglons of North carclina it was 20 to 30 per cent,
Ogunfowora (1977) opinod that M. jncoanita caused 10 per
cent yield less in tcmato whereas Olthef and Potter (1977)
raported that the yield was reduced by 10 per cent and 40
nar cant with populations of 6120 and 27,950 larvae of

#. hasla/kg soil respactively,



Krishnappa gt al. (1981) found that 44.37 per cent
yield losa could be attributed to root-knot nematede alone
in 2 heavily infested figld of brinjal.

The yield losses of three cultivars of chilli when

inoculnted with M. igeoeg&ta were estimated to be ranged from

25 per cont to 31 per cent (Lindsey and Clayshulte, 1982),
Naganathan (1984) reported a vield loss af'l?.?‘per cent and
61 per cent in Capsicum cv. Co=l and tomato cv, PKMel ros-

nectivaely.

l.1.2 3. zeniformis

According to Verma and Prasad (1969) the percentage
raduction in yleld of tomato varied.from 0.6% to 84,19 per
cent in 100 to 10,000 R. peniformis/oot.

A8
Gaasin and Valdez (1979) conducted experiments te
find out ths reaction of sweet potate to R. raniformis.
They reported 60.6 per cent tuber reduction in plots 1nocue

l1ated with %030 larvae,

1.2 Pathogenlcity of the nematodes
 3.2.1 M. incognita

Symptomatological studies were conducted by Mukherii
and Sharma (1973) in Ixichosanthes dioica infested with



M. lnceonita. They found that 1nfect1enlin young plants
resulted in stunting, occasional chlorosis and reduced
stand whereas in older plants the stem was found to be
thin, weak and pale coloured. Root systiem was reduced

and knots on the tap reot were large and confluent.

Based on a glass house experiment conducted by
Reddy (1975) in Qiggg‘agiggiagm, 1t was reported that .
plants inoculated with M. incoanita showed reduced growth,

drying and shedding of leaves and poor ped formation.

Nadal and Bhatti (i977) opined that an inoculum
level of 10,000 M. javanica/nlant/pot was strongly pathe-
genilc to brinjal. However Dhawan and Sethil (1973) repore
tad that wﬁan brinjal saedlings were incculated with 10,
109, 1000 or 10,000 larvas of M. iagggaizg/kg of soil,
'Length of shoot and roots as well as shoot welght were
significantly reduced with an inoculum of 1000 larvas or
more, Hoot welight was significantly poor at an 4incculum
of 10 larvae/kg of soil. Highest gall number and nematoda

multiplication rate were observed with 100 larvae/kg soil.

CGupta (1975) studied the pathegeniclity of cownea cv.
HFC=42-1 and found a significant reduction in helght and



fresh shoot and root welght at 1000 or 10,000 larvae of
M+ Jdavanica/500 g soil.

According to Nath st al. (1979) increased larval
inoculation of'ﬁ, incocnita resulted in proportional decrease
in plant girth, flowering, fruiting and bacterial nodula.
tion in bengal gram. Blackening of cortical and vascular
tissues balow or above the feeding site was observed in somo

of the plants.

Srivasthava gt al. (1979) studied the effect of roote
knot nematode M. Javanica on the growth of soybsan. The
results indicated that an incculum level of 100 larvae/kg
of soll significantly reduced the plant growth.

Pathogenlcity of M. incognita on soybean was studied
by Raut and Sethi (1999). Theyobserved significant reduc-
tion in top growth, roet length and bacterial nodulation in
‘inoculated plants when compared wiih the unincculated plants.
Plants exposed to hicher lsvels of nematode (1000 and 10,290
larvae/kg soil) exhibitéd chloresis, delay in maturity and

shadding of basal leaves.

According to Raut (1930) rootuknot nematode adversely

affected the growth of mungbean as well as hinder the rhizge



blal nedulation. Inf@stad plants showed reduction in
length and fresh waight of shoot and root.

Gaur and Prasad (1980) investigated the relatienship
betwean the nopulation density of M. incognita and damage
to egg plant. A population density above 1,000 sacond stage
juveniles/plant hastened maturity of the crop. 4020 juveniﬁ%/

plant caused about 80 per cent reduction in yleld.

Lindsey and Clayshult®:. (1932) found severe stunting
and yield suppression in chilli at all initial densitlass of
M. incoonits tested from 335 to 4230 egas and larvae/500 cm®

s0il.

Seedlings of Phassolus wyulaaris cv, Roxlnho lnoculae
ted with 10, 100, 1000 or 10,000 eggs of M. Javanica showed
significant reduction in dry stem weight at inocula at or
above 1000 and fresh root weight at 10,000 (Sharma, 1982).

Bistline and Rhoades {1984) inoculated bittergourd
seedlings with M. incognita and found thet seedlings treated
with 10,020 eggs exhibited reduced plant growth and heavy
gall formotlon, Most of the seedlings ware morbid and dead
in pots infested with 20,020 or more eggs.



| Sable and Darekar (1985) reported significant reduce
tion in all growth characters of bittergeurd at %979, 107,
5099 and 10,000 M. igggggggg juveniles/plant;

Thakar gt al. (1986) studied the effect of different
inoculum levels of M., incoqnits on plant helght, shcot frash
welght, root fresh weight and root-knot index in Pusa phale
gunl and V(lﬁ).' Significant increase. in root weight and
root=knot index wera obssrved with 10 or mors nsmatodes/
plant in Pusa phalguni whereas in V(16), 1990 nematodes/

plant were regulrasd to cause any significant difference.

While studying the pathcgenicity of M. ipcoanita on
betelvine Jagidale gt al. (1986) observed a significantly
lower number of leaves and reduced leaf size in plants ince

culated with 10,990 and 50,990 larvae.

le242 R. zanligrmi

Singh (1973) studied the pathogenicity of R. renifernis
in soybean ev. Jupiter and reported significant reduction
in the mean welight of roots and tops as well as in the

plant height.



Ga;fés.n and Valdez (1979) studied the reaction of
sweet potato to R. reniformis. They observed leslons,
necrosis and rotting, Tubers were cracked, deformed and

emaller in size.

Singh and Khera (1979) studied the pathogenicity
of R. reniformis on brinjal var. Purple round. Symptoms
like chlorosis, stunted growth, curling of central crown
leaves, premature fall of flowers and sparsely developed

roots were observed,

According to Gupta and Yadav (1980) R. raniformls
caused significant reduction in helght as wall as fresh
shoot and root weight of cowpea. The normal bacterial

nodulation on the root was found unaffectad,

In a pot experiment, green gram cv. H 70w 16 was ina-'
culated with 10, 100, 1000 or 10,000 R. xenifoxmis/pot.
plant height, fresh shoot weight, fresh root welcght and
number of nodules/plant were found to be reduced with ine

craased inoculum density (Gupta and Yadav, 1982) .

Sahoo and Padhi (1985) studied the pathogeniclty of
3. reniformis on okra and reported that there was significant

10
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stunting of nlant growth at the minimum density of 100
nematodes/oot/l of soil. Higher population densities
rasulted in reduced length and dry welght of shoot and
roots. At 10,000 nematodes/1 of ssil, the nematode altarad
the root system by stunting the tap roots and causing a
fibrous root system due to over crowding at ihe initial

stage.

Pathogenicity of reniform nematode, H. reniformis

was invesiigated by Mishra anﬁ Padhi (1935) on french bsan,
The nemaﬁode4produced sionificant pathogenic_effect at 100D
nematgdeé/pot by causing 35.0, 36.9, 54.2 and 35,9 per cont
reduction in resnect of shoot length, root lzngth, shoot

and root dry weight over contrel.

Mahapatra and Padhi (1986) studied the pathogenicity
of R. zeniformis on Bengalgram and they found that the
lowest inoculum levei that significantly reduced the plant
growth was %00 nematodes/kg. soil. With increased inoculum
lovel, the plants showed pathogenic symptoms like yellowing
of leaves, stunted growth and brownish discolouration of

roots.
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1.3 Economic thresholds of the nematodos

1.3.1 M. incognita

Cgunfowora (i@??) reported drastic reduztion in the
vield of tomato when inoculated with 20,000 M. incognita.
He concluded that suitable measures for the contrel of
M. incoenity should be undertaken if the preplant pepula-
tion in the field is at or abcﬁe_EOOO larvae/l of soil.

Nath ot al. (1979) reported that an inoculum of 100

£
&1

. igcoggitg larvae was the damaging threshold in Bengalgram.

In the studies conducted by Raut and Sethl {(1930) an
initial level of 1000 M., incognita larvae or above/kg of

s0il were found tc be the damaéing threshold 1n soybean.

Raut (1930) observed that 1000 larvae of M. incoanita/
500 g of soil was the marginal thresheld level for produce

ing measurable affect on the length and fresh weight of .

shoot in mungbean,

DiVito ot al. (1981) reported that the tclerance limit
of tomato was 4 eggs and juveniles of M. incognita/ml of

soil.
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Divito gt al. (1993) suggested a tolerance limit of
3.3 8ggs and juveniles of M. incognita/ml of soil for
tomato variety Roma VF and 0,77 for JAS-l. Howevar
Ekanayaks and Divito (1934) fixed this tolarance limit as
4 eggs and juveniles of M. incognita/ml of seil for cv,
UC=-10% J and IAS=1l. Mani and Sethi (1984) raeported a
orogressive decrzase in plant growth of chickpea cv., Pusa
209 with increase in inoculum of M. incegnita. Two

larvae/q was found to be the damaging threshold level,

Sakhuja and Sethi (1928) reported a damaging thres-

hold lavel of one agg of M. 1ncoonlta/cm3 in groundnut.

DVite gt al. (1986) came to the conclusion that a3 toclsrance
limit of 0.0%4 and 0.74 eggs and juveniles of M. incoanita/
em® of soll caused economic damage to chilli and brinjal
respectively. Cantosaenz and Brodie {1926) cbserved that
the damage threshold density of M. incognita was 5 eggs/g

of soil for potato.

1.3.2 B. reniformis

Verma and Prasad (1969) found that inoculstion with
a minimum of 100 nematodes/pot was sufficient to .cause appre=-

ciable damage 4n vyield of tomato whereas Dasgupta and Seshadri
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(1972) observed that an inoculum of 20 R. reniformis/g of

s$0ll was the damaging level in cowpea plants.,

Gupta and Yadav (1979) reported that thers was signi-
ficant reduction in plant weight, shoot and root welight in
the troatments receiving 7090 or more nematodes/S00 g of
scil. Singh and Khera (1979) concluded that R. zaniformis
was highly pathogenic to brinjal at inoculum level of 100 or

more larvas/plant.

Mishra and Gsur (1981) siudied the pathogenicity of

R, reniformis to mothbean and reported a significant reducw

tion in growth at the level of one infective individual/cc
of scil.

- Thakar and Yadav (1985) studied the effact of

2. reniformis on pegeon pea and inferred that the damaging
lévels for susceptible and resistant varieties were 1070 and
10,000/700 g soil respectively. According to Mishra and
Padht (1983) R. zeniformis produced significant pathogenic
effect on frenchbean at 1000 larvae/pot in raspect of shoot
and root welght. Sud gt al. (198%) inoculated cotton with a
logarithemlic series of R. raniformis and found a2 significant
growth reduction at 100 nematodes/l1000 ¢c of scil 30 days
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after incculation. After 69 days, 10 nematodes/1090 cc of
soll caused significant growth reductien., The threshold
level for damage (reoot weight) was 1000 females/1000 cc of
soil,

1.4 Ccmbined effect of M, incognita and R. renifermis

Rao and Prasad (1971) conducted experiments to
determine the effect of M. javanica and_R. reniformis on
tomato and found that R. zeniformis occuring aleone caused
greater damage than 8. Jjavanica alone or both the specles

togethor in equal densities,

Singh (1976) studied interaction of M. incognita
and R. zeniformis on soybean and reported that the percen-
tage penetration of soybean seedlings by both nematodes were
slgnificantly reduced with increasing inoculum levels at 10
ags well as 20 days after inoculation. In mixed spocies ine
factions, significant reduction was noticed at the higher
inoculum levels 20 days after inoculation. M. incognita and
B. reniformis singly and in combination significantly reduced
the top and root dry weight 10 weeks after inoculation, Simul-

taneous inoculations with M. jncoanita inhibited the increase
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of.a, xeniformis whereas the population of M. incognita
was 1ittle affected by the presence of R. reniformis.

Kheir and Osman (1977) reported a drastic decrease
in the reproduction rate of M. incognita in tomato. Its
developmental rate and larval root penetration wera retarded
by the presence of B, reniformis which itself appesred unw
affected by the proximity of the other nematode.

Pathological reactions of Mungbean to 2 combination
of R. reniformls and M. acrita and to M. acrita alone were
studied by Cast&llo et al. (1978). According to them appae
rent difference could be seen in the top growth of non in-
fected and infected plants. However roots of infacted plants
were necrotic and da%?y coloured with leaf chlorosis in early
days. Infested plants flowered two days earlier than none
infostad plants. The nemétode pepulation increased during
the experimaﬁtal period to the tune of 9.7 times in the case
of B. reniformis and 16.4'times in the case of M. acrita.

M. incognita and R. reniformig interactions on three

sweeat potato varietins wers studied by Thomas and Clark (1981).
atteingd e _
» incognita ncpulatioaneake in August and declined in
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September, regardless of R. renlforglé,whereas M. incegnita
was significantly lower with R. Z is for both months,

R. reniformis with M. incognita was significantly higher in
August. than R. reniformis alone but in September H. renifaormls
with M. incognita declined to 2615. While R. zeniformis

alone increased 3433,

Mishra and Gaur (1981) studied the affect of indivie
dual and concomitant incculation with M. incegnita and |
R. zaniformis on growth of Blackgram. They discovered that
both the specles causad significant growth reduction at the
level of one individual/cc of soil. In concomitant inocu-
lations, the extent of growth reduction was relatively loss
than the individual effects.

Thomas and Clark {1985) reported that simultaneous
inoculation of sweot potato with M. incegnita and R. renie
formis in glass house experiment resulted in reduced Yeproe

duction of R. renmiformis at all imoculum levels.

Khan gt al. (1985) reported that when tomate roots

wore given single inoculations of M. incegnita dnd R. reniformls
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podpulations of both species increased progressively with an
increase in the inoculum level, With concemitant inoculae
tions, 8. reniformis penetration and multiplication were
unaffectad by the presence of low numbar of M. inceanita,
¥Whan the inoculum level of M. incoanita increased up to 102
juveniles, multi;ali(;ation of both the soecies were affecterd
but penetration was unaffected, With 1000 juveniles of

M. incoanita, multiplication of R. reniformis declined at all
the inoculum levels however penetration only dacreased at
the initial inoculum level of 1090, At the same inoculum
lovel, multiplication .of M. incognita was adversely affected
by an inoculum of 100 or 1000 R. reniformis but peneiration
of M. inceanita only declined when the incculum level of
both nematodes was 1000, |

~ Pathak gt al. (1985) studied the effect of initial
inoculum level of M. incoanita and B, reniformis on
plgeonpea and their inter relationshin. They raeported
that a significant plant growth reduction could be attribue
ted to an initial inoculum of 100 juveniles/plant /500 g of
soil of elither M. incognita or R. reniformis. In concomi-
tant incculations, root-knot formation and final population

of M, incognita was suppressed at all lavels in tho prese-

nce of R. rzniformis.
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Shamim Ahamad et al. (1987) reported on the intere
action bstwson roct-knot and reniform nematéde on chilll,
Both nematedes were observed to reduce the growth parameters
and frult yield significantly. M. incoanita was more damae
- ging than B, zendformis. Combined inoculations resulted in
a greater daﬁage than single inoculations, indicating the
synerglstic effect. The multiplication rate of B. raniformis
was reduced in the presence of M. Ancognita especially when

two species were inoculated simultaneously but net vice versa,
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2. MATERIALS AND METHODS

Three series of pot culture oxperiments were carried
out in the College of Agriculture, Vellayani, Trivandrum to
study the extent of damage caused by varying population of

M. incognita, R. reniformis and the combinations of these

two spocles,

2.1 Culturing of rooteknot nematode, M. incoanita
Qoaﬁ@é ls pgy;nea,ﬁ P&Hﬁ@‘rn)
Egg masses of M. incognita collected/ from the roots

of coleus plants grown in field were kapt in distilled water
in petridishaes for hatching. One day old larvae ware inocue
lated to cowpea plants raised in denematlised soil. Subcule
turing and multiplication was donas periodically to ensure
the availlability of sufficient larval oopulation for various

experiments,

2,2 Culturing of reniform nematede, R. reniformis

Pura éu}.ture of H. poniformis was raised by maintaie
ning cowpea saedlings in earthen pots containing denematised
pot mixture. Larvae of B. reniformis were collected from the
field and inoculated sw to the seedlings and maintained as
pure cultures. Subeulturing was done periodically to obtain

sufficient number of nematodes for the experiment.
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2,3 Raising the crop for the experiments

Cowpea was ralsed in coment tanks of 1.0x1.0x0.5 m
size using pot mixture prepared by mixing field soil, sarnd
and well decomposed farm yard msnure in the proportion of

2:1:1 sterilisad with 5 per cent formalin.

Seeds of grain type cowpea (Krishnamony) were sown
at the rate of two seaeds/hole at a spacing of 2% x 1% cm.
Later thinning was done to maintain 20 seedlings/tank. The

axperimental details were as follows.

Design : CHD
Replications : 3
Treatments : 9
T} « Check

T2 « 25 larvas/100 ml soil
T3 = 50 larvaa/l00 ml soil
T4 « 100 larvae/100 ml soil
TS5 = 200 larvae/100 ml soil
. T6é =~ 40D larvae/100 ml soil
T7 - 600 larvae/100 ml soil
TR = 820 larvae/100 ml soil
T9 «l020 larvae/L00 ml soil
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2.4 Inoculation of the nematodes

The nematode was inoculated 1% days after sowing.
The inoculum was obtained from cultureé kept in the greenhouse,
Egy masses of root-knot nematode were picked from the roots
of infected plants and kept on the tissue papers placed
over a piece wire gauze and the latter was placed in petrie
dish containing sterile water in such a way that the agg
masses were just in contact with water, After 24 hours,
the suspension nsmatodes in the sterile water contained in
the petridish was collectoed and useé as the stock incculum,.
The average number of larvae/ml of suspension was countaed
undear a binccular sterec microscope using a counting slide.
Inoculation of the larvae was done by measuring the reguired
quantity stock suspension of the nematede and pouring the
same into 3 to 4 pits of 4 cm depth taken in scil around
the plant. The plts were then filled with dry sterile
seil.‘ The crop was irrigated periodically in erder to

maintain the soil moist.

2.% Obsorvations

1. Height of the plant at 45 and 65 days after inoculation.
2. Girth of the plant at 45 and 65 days after inoculation



3.

4,

5,
6.
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Number of leaves at 45 and 65 days after inoculation
Weight of shoot at last harvest (65days afber inoculation)
Welght of root at last harvest (65 days “%Le*fﬂoadakon)

Nematode population in soll at 45 and 65 days after

inoculation collecting samples of 100 g soil from

e
e

sach pot
Nematade population in root at last harvest
Number of pods at each harvest

Welcht of seeds nrocessed from the pods collascted ot

' each harvest.

2.6 Assessment of tho combined effect of M. incognita and

B. reniformls on cowpea

A

The expaeriment was dons in sarthen pots of 5 kg

capaclty using denamatised pot mixture, Iniitially 4 cowpaa

seeds ware sown in a pot. Later thinning was done to maine

tain two seedlings/pot. The experimental detalls are as

follows.

Dagign . CRD

A

L 24

Agplications

Treatments 1 10



Tl
T2
T3
T4
T3
T6
17

T8

TS

T10 «

0

400 M, incognita and 490 R. reniformis

200 M. incoagriita and 200 R, reniformis

190 M. incognita and 100 B. reniformis

402 M. incoanita followed by 400 R. reniformis
15 days later | .

200 M. 4incognitas followed by 200 R. reniformis
15 days later

100 M. incognita followed by 100 R. zeniformis
15 days later , _

400 R. pentformis followed by 400 M. incoanits
15 days lator , _ , ‘

200 B. reniformis followed by 200 M. incognita
15 dayé later

170 B. reniformis followed by 100 M. incognita

15 days later

Observatieons wore same as in the above superiment,

2,7 Estimation of MNematode populéﬁien in soil

adopting Cobb's decanting and Sieving technique medified by

Mematodes ware sxtracted from the soil samnles

Christie and Perry {(1951).
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Each soil sample weighing aboud 10D g was tronse
f@rred to a plastic basin and mixed thoroughly with 320 ml
of water, Céarsg particlos and foreign materials wére
allowed to settle., The supernatent ligquid was thon passed
through a sixty mesh sleve. The materials coliacted in the
sieve and the sediments in the basin were discarded., The
filtrate was allowed to stand for a few minutes and then
dozanted and passed through a 200 mesh sleve and then through
350 siave. The fine silt andAnemaﬁodes coliacted in these
sievaes ware washed down and collected in a beaker with
minimum quantity of water. The nematodes were extracted
from the filtrate by the petridish method., The suspension
was noured over a iissua naper placed over a wire gauze
kept on petridish centaining sterile water 1n such a way
that the suspension was just in contact with water. This
was kept undisturbed and at the end ofcbhﬁﬂéégg?@the $USPAN-
sion in the petridish was collactad and examined under a

binocular microscope and the population was astimated,

2.3 Estimation of nematode populetion in root

The population of nematedss in the root was astie

mated by the technigque as adopted by Hooper (1970).



2.9 statistical analysis

The data recorded from the different experiments
wera subjected to statistical analysis in completely
randomised design as raeported by Panse and Sukhatme

(1973).
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3. RESULTS

Pot culture experiments were conducted to study the
pathogenecity of root-knot nomatode and reniform nematode
individually and in combination on cowpea. The rasults
obtalined are presented below. Data on the related aspects
in the different experiments have been pooled in the tables

for comprehensive interpretation of the results,

3.1 Height of the plant

The data on nslant height recorded 45 days after ino-
culation and at the time of last harvest (65 days after
inoculation) and the resulis of analysis of variance of the

same are presented in table 1 and 2 and appendix I.

The average helght of the plants inoculated with
M. incoanita larvae at varying levels after 45 days ranged
from 72.5 to 94,57 cms while the helght of contrel plant
was 96.30 cm. Statistically the data'did not show signi-
ficant variation. The percgntage decrease in height when
compared to control was highest in plants inoculated with
100 larvas/100 ml séil (25.10). In other treatmants it
ranged f¥om 2.3%% to 16.4%% only. The raeduction in height
did not show a definite relationship with the increasing

lovels of pest population.



Table 1. Effect of M. inceognita, B.

reniformis and their

conbinations on the helght of cownpea cobsarved at
45 days after inoculation -

No. of larvae/ Plant height (cm}

% decrease over control

190 ml soil
0 b, ‘8‘0 29, 6? - -
25 94,57 27,00 2,30 2499
30 23.40 - 29,67 13.84 13.48
100 72.%0 27.67 25,10 6.74
200 80,88 25.00 16.4% 1%.74
400 85.57 24,00 11.69 19,11
690 91.40 26,33 5.57 11.26
800 91.00 29,33 5.99 11,15
10300 24,03 26,90 2.86 12,37
N.S N.S
0 90,59 -
100 M + 100 R 68.%0 24,31
100 M fellowed by
: 120 R 85,00 6.03
100 R followed by
10O M 85.2% C 2,01
27 M + 200 R 64,00 29,28
200 1 followed by
27 R 81,50 9.94
‘200 R followad by
200 M 75,00 17.13
400 ¥ + 400 R 31.25 43,37
400 M followad by ‘
400 R’ 57.25 6. 74
490 R followed by
430 M 76.00 16.902
N.S

= Mololdoavne incoqgnita

R = Rotvlenchulus roniformis
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Table 2., Effect of M. incognitz and B. reniformis and their

combinations on the haelght of cownaa observed at

6% days after incculation

No. of larvae/
130 ml soil

Plant height (cm) % decrease over control

. incog- R, Zemi- . incog~ K, Zeni-
akta formis nita  fornals
0 102,00 50,00 - -
2% 94,78 46,33 7.07 7.34
50 90,93 33.33 12.85 39.34
100 85,25 38,33 15.44 23,34
290 79,31 30,33 21.75 39.34
400 23,29 36,909 18.34 28390
800 86.29 33.33 15,44 33.34
800 86,25 34,67 15.44 - 33,66
1000 87.34 41.00 14.37 13.20
C.D N,S 3.46
0 93,25 -
1M + 100R 74,25 24.43
150 M followed by
109 R 89,75 B.65
100 R followed by
10 M NR.75 5,59
200 M + 200 B 63.00 30,78
200 M followed by ‘
200 R C69.50 29,26
203 R followaed by
' 200 1 33,00 8,39
400 B + 400 R 52,50 46,56
4008 followed by ~
400 R 66,00 32,82
400 R followed by ‘ ‘
400 M 87.13 11.32
ch 14,77

M * Meloldoqyne incognita

R = Rotgggnchuius reniformis
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The varying leﬁels of R. reniformis population ino-
culated to the plants also did not cause statistically
significant variations in plant height. The mean height
ranged from 24 to 2%,33 cm in treatmants while in control
the helaht was 29.87 cm. The maximum percentage reduction
in height (19.11) was obsérved in plants inoculated with
400 larvae/190 ml scoil. In other treatments the reduction
ranged from 6.74 to 15.74 per cent,

When M. incognita and R. reniformis were inoculaied
In comblnation and in sequence also the data on height of
plants did net show significant variations. The slant
height in pets inoculated with 49D larvas/170 ml soil of
both genera simultansously was 51.25 cm whila in treatmonts
in which 400 larvse of M. incognita was inoculated followad
by B. reniformis (400) the height was 57.25 cm. Wwhen the
troatments were given in the reverse sequence, the mean
height was 76 cm. At the lower level of 200 larvaa/treate
ment also, the simultaneous inoculation of the two
nematodes roduced the nlant height (64 cm) more than
when M. incognita was incculated first (381.% cm) or after
inoculating R. reniformis (75 cm). Treatments involving

the lowast lovels of namatode population also showed that
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the simultanecus inoculation was more injurious (heilght
68,5 ¢m) than saquential inoculation of the namatodes
(height 95 and 85.25 em). The percentage reduction in
helght ranged from 24,31 to 43,37 in pots in which the
nematodes wore inoculated simultaneously while 1in the
sequential inocculation the reduction ranged from 6,03 to

17.13 per cent only,

The height of the plant inoculated with M. inctognita
larvae at varying lovels observed 6% days aftsr inoculation
ranged from 79.91 to 94,73 om wﬁile the mean helght of
control nlant was 102 cm. The parcentage decreass in
height.when comparad te control was highest in plantsv
inoculated with 200 larvae/170 ml of soil (21,75). In the
other treatments it ranged from 7.07 to 18,34, The reduce
tion in height did not shew a definite relationship with
the increasing levels of nematodes inoculated. Among the
treatments, there was no significant difference in the
height of olants, Significant difference in plant helght
could be seen at 65 days after inoculation with [, zaenie-
formis. Here, the plants incculated with 50 and 200
larvae/100 mi s0il ¢gave maximum reduction in height
(30.33 c¢m). In remaining treatments the plant height

ranged from 33,33 to 46,33 cm. The percentage decrease of
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height when compared to control was highest in plants
inoculated with 50 or 200 larvae/100 ml soil (39.34) and
in rest of the treatments it ranged from 7.34 to 33,34,

VYhen the two nematodes were incculated in combina-
tion, a signifilcant difference in height could be saeen
63 days after inoculation. The height ranged from 52.50
to 92.73 cm as against 92.25 em in contrel plants,

The plant height in pots inoculated with 400 larvae/
100 ml soil of both nematodes simultansously was 52.50,
while in treaiments in which 400 larvae of M. incognita
followad by R. zeniformis were inoculated, the mean height
recorded was 66 cm. When the sequence was reversed, the
mean olant height was 37,13 cm. At the lower level of
200 larvae/treatment also the simultaneous inoculation of
two nematodes reduced the plant height {63 cm) more than
when Y. inceanita was inoculated first (69.50) or after
inoculating BR. reniformis (90.05). The lowest lavel of
treatment (10D) revealed that combined inoculation was more
injurious (74.25 cm) than nematode inoculation in sequence
(89,79 and 92,79 cm). The peréentage reduction in height

in treataments compared to control ranged from 24.43 to
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46,56 in pots in which the nematodes were inoculated
simultaneocusly while in sequential inoculation it ranged
from 5,59 to 32,82 percent. |

3.2 Girth of the plant

As far as the plant girth is cencerned, a sioni-
ficant difference was observed in various troatments at
45 and 65 days after inoculation of M. incegnita (Tabloas
3 and 4 and Appendix I). The girth of the plants at varye
ing lavels of M., incognita population ranged from 2.06 to
2,35 ¢m. The average girth of the control nlant was
2.45 cm. The plants incculated with 690 larvaa/100 ml
seoll gave maximum reﬂuctian in girth (2,06 cm) as sgainst
2.45 cm in control plants. This was on par with the girth
of plants inoculated with 800, 400, 200 and 100 larvaa/LO0 ml
soil (2,15 cm to 2.22 cm). The parcentage decraase of
girth was hichest in plants inoculated with 602 larvaa/100 m)
.soil (15.92). The percentage docrease in the remaining

treatments ranged from 3.467 to 12,24,

The varying levels of R. reniformis inoculated on
plants did not ¢ause any statistical varlations in plant

glrth at 45th day after inoculastion., The mean girth of



Table 3. Effect of M. incognita, R. zeniformis and their
combinations on the girth of cowpea observed at
© 43 days after inoculation

Ko, af laigae/ Plant girth (cm) % decrease ovqy_cgntrql
100 ml so :
M. incog= R. remd- M. incoa- B. reni-
) formis nita £

nlta
0 2.45 2.36 - -
25 2.36 2.15 3,67 8.89
39 2,33 2,14 4,89 9,32
100 2,22 2.13 9.39 .75
200 2.16 2.20 11.84 £.78
400 2,15 2.11 12.24 10.59
600 2.06 2623 15.92 5,51
809 . 2.,19 2.29 10.37 2,97
1000 2,20 2,25 10.20 4,66
9] . 0,20 NeS
D _ 2.33 -
100M + 100 R 2.48 1.98
100 M followed by
190 R 2.45 3.16
100 R followed by
100 M 2,48 1.98
200 M + 200 R 2.28 .83
200 M followed by
290 R 2.40 | 5. 14
- 200 R followed by
200 K 2.28 : 9,38
400 M + 400 R 2,23 11.86
400 M followed by
409 R 2,28 : 9.88
400 R followed by |
400 M 2.20 13,04
o 0,18

M = Holotdoavne incogntta me&mm



Table 4, Effect of M. incegnita, B. reniformis and their
combinations on the girth of cowsea observed at
65 days after inoculatiocn

No. of larvae/ P 2th (em) % decrease over control.
100 ml soil M. incog- R. renl- M. incog~- R. xenl-
0 2,52 2.45 - -
2% 2.36 2,32 65.3% 5.31
%50 2,20 2.33 12,69 4,99
100 2,13 2.20 18,483 10.20
200 2,06 2.16 18,25 11.84
A00 . 2,09 2.24 17.06 3,57
603 | 2,12 2.21 15,87 9.79
300 2.20 2.18 12,69 11.02
1009 | 2,29 2.29 9,13 - 6.53
| (3) 0.14 0,13
o) . 2.88 : -
1008 + 100 R 2.60 9,72
190 ¥ followad by '
190 R 2,60 3,72
100 R followed by ‘ |
» 190 1 2,80 2.73
200 M + 200 R 2.53 12,15
200 M followed by '
200 R 2.4% . 14,93
200 R followed by . ' ‘
200 M 2.5%5 : 11.4%
400 M + 400 R 7,59 , 13.19
400 M followed by
. 400 R 2.30 : 20,14
493 R followed by : -
400 M 2.953 , 12,15

M = Meloddoavne inceqnita R = Rotylanchulus reniformis



plants inoculated with the nematode ranged from 2.11 to
2.29 cm as against 2,36 co in control plants, The maxi-
mun reduction compared to control was noticed in plants

inoculated with 400 larvae/190 ml soil (10.59 per cent).

Incculation of M. incognita and R. reniformis in

combination resulted in significant variation in the girth
of plants. Inoculation of 400 R, raeniformis followad by
400 M. incognita 15 dafs later reduced the plant girth to
the lavel of 2.20 cm as against 2,53 cm of control plants,

The other treatments at this level of larval nooulatlon

wore also on par. At 299 larvae/190 m1°soii the simulta-

neous inoculation and the inoculatien of R. remiformls
followed by M. incognita showed the séme reduction in
girth while the reduction was significantly less in the
inoculation of M. incognits followed by B. zanifermis. At
ihe leval of 199 larvae/l@d ml soil the three combinations
did not show statistically significant variation in plant

girth. The percentage reduction in glrth ranged from
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1.98 to 11.86 when nematodes were inoculated simultaneously

while in sequential inoculation the reductlon ranged from

1.98 to 13.04,
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At 65 days after incculation (Table 4) maximum
reduction in girth was observed in plants inoculated with
200 larvae/100 ml soil (2.06 cm). It was on par with the
inoculations of 3830, 690, 402, 170 and 50 larvas/199 ml
soll. The girth ranged from 2.09 to 2.20 ¢m. The levels
of 25 and 1000 larvae wers ofn par. The percentage dacrease
of girth over control was highast in plants inoculated with
200 larvas/100 ml scil. (18.25). 1In other treatments 1t
ranged from 6.3% to 17,06 per cent.

The effact of R. geniformis on plant girth 65 days

after inoculation also showed statistically significant
variations, Inoculation of 290 larvae/l102 ml soil showed
the maximum reduction in girth (2.16'cm) as against 2.4% cm
in contrel plant. This was on par with the ifnoculations

of 1000, 800, 639, 407 and 130 nematodes/100 ml soil. The
airth of plants inoculated with 50 and 2% larvae/17) ml
soil were on par (2,33 and 2.32 ¢m). The percentage de-
crease of girth over control ranged from 4.89 to 1l.84,

It was highesﬁ in plants inoculated with 209 larvaa/in) ml
soil (11.84).

When the two rnematodes were insculated in combination

the data showed significant variations. At 400 population



3
& o]

level the least girth was recorded in plants inoculated

with 490 . incoanita followed by 400 A. taniformis

(2.30 cm). The reverse incculatlon reduced the girth to
2.953 cm which was on par with the simultanaous inocculation
of the namatodes (2.50 ¢m). The girth of plants inoculae
ted with 200 M. incognita followed by 200 R. reniformis
was roduced to 2.45 cem., This was on par with the Tevarse
sequence and simultanecus inoculation (2.5% cm and 2.53 cm) .
Hare the combined inoculation and the seguential inccula-
tion were equally injuricus to the plants. The percentage
reduction in girth in treatments compared o control rangad
from 9.72 to 13.192 in pots where the nematodes wore inoCum
lated simultaneously while in sequential inoculation the

reduction ranged from 2.73 to 20.14 per cent.

2.3 Number of leaves

The data relating to the number of leaves observed
45 and 65 days after.inoculatien are furnishad in tables
5 and 6 respectively. The results of analysls of variance

are oresanted in appendix I.

The number of leaves observed 45 days after inocula=-

tion of M. incegnita at varying levels ranged from 11.58 to



Table 5. Effect of M. incoqnita, B. reniformis and their
combinations on the number of leaves of cowpea
observed at 4% days after inocculation

over contr

rig{.) oi laﬂrae / No. of lsaves detrease
neee el L Beimoss A zen
0 17,84 14,33 - -
2% 17.38 11.33 2.58 20.94
50 15,98 19,00 12,67 30.22
100 11.70 8433 34.42 41.87
200 11.68 - 8,17 34,53 42,99
400 13.33 7.83 2%.28 45,36
6800 14,09 8,80 21,02 40,63
300 13.92 9.67 21.97 32,%2
1000 13.79 120.00 22,70 39,22
CD 3,58 2,96
0 25,00 - i
IN0OM+ 100R 21.50 14,00
100 M follewed by
100 R 22,78 @.00
" 100 R followed by
100 M 24,00 4,00
200M + 200 R 19.73 21,00
200 M followed by
200 R 22,00 12,00
200 R followed by
200 M 21.23 14.90
400 M + 400 R 19.00 24,00
400 M followed by ‘
400 R 18,7% 25,00
400 R followad by
400 M 18,50 26,00
CD ' N.S

M = Maloideayne inceonlta R = Agtvlenchulus reniformis

39



‘Table 6. Effect of M. fincoqnita, R. mnﬁgz,m and their
' combinations on the number of leaves of cowpea
observed at 65 days after inoculation '

No. of larvae/

120 ml soil . . v
M. fncog= _B. zanl= M. lncog~ BR. rani-
nita formis nika fopais

No. of leaves % decrease OVer CoOntrol

0 158,88 15.33 - -
2% 18,05 14,33 4,39 6,82
50 16.22 11.67 14,09 23,87
100 15,54 10.00 17.69 34,77
200 12,389 .57 34.43 36,92
400 13.88 3.00 26,43 - 47,31
6060 14.30 9.33 24.26 - 39,14
800 14.88 11.33 21.19 26.09
1000 153,33 13.33 17.74 13.0%
cD 2.956 - 3.89
0 25,00 . -
100 M + 100 R 23,75 5.00
100 M follewsed by :
| 100 R 24,25 3.00
100 R followed by
| 100 M 24,2% 3,00
200 M + 200 R 22,50 10,00
200 M followed by ' :
| 200 R 22,25 11.00
200 R followad by
200 B 24,00 . 4.00
470 M + 490 R 19.%50 22,00
490 M followed by ' '
: 400 R 14,75 . 41.00
400 R followed by : )
400 M 22.7% ‘ 9.00
cD - 3.66

M = Mgleoldoavne inceanita R = Rotvlenchulus reniformis



17.38 while the number in control was 17.84. The plants
inoculated with 200 larvae/190 ml soil produced the lowast
number of lsaves (11.63). All other treatments witﬁ tha
eécepﬁioﬁ of 25 and %0 larvas/190 ml soil were found to be
on par. The percentage decrease of numbar of leaves when

compared to controi ranged from 2,53 to 34,42,

The différent ievels of R. reniformis also showed

41

statistically significant variation in tha number of lasaves.

The effect of R. raniformls observed 45 days after inocule=
tion indicatad that 400 larvae/170 ml soll resulted in the
lowast number of leaves (7.83). In general the leaf pro-
ductién ranged;from 7.83 0 11.33 in different treatmants
while in contrel it was 14.33. The maximum percentage
deérease over control ﬁas obser§ed in planté inoculated
with 490 larvae/100 ml soll (45.36). This was found to be
én par with all other treatments excent 25 larvae/190 ml
soil. The percentage reduction over controllranged from

20,94 to 45,36,

When M. incoagnita and R. reoniformis were incculated

in coembination and in sequence, the result did not show

any statistically significant variaticns. The number of
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leaves in pots inoculated with 400 larvae of R. reniformis
- followed by 400 larvae of M. incognifta was 18,50 and in
thé treatments with the reverse sequencae it was 18.75.

In simultanecous inoculation it was 19.0, The treatment
affect was not statistically differing f;om that of cone
trol. '

The number of leaves observaed 6% days after inoculae
tion showed signifieant variations. The plants inoculated
. with 200 lsrzvae of M. inceanita/190 ml soil raecorded a
significantly low number of leaves (12.33) closely followed
by 470 larvas/120 ml soil (13.88). These two trestments
ware found on par with 699 and 820 larvae/170 ml soil. The
percentage reduction ranged from 4.39 to 34,43, There was
a steady decrease in the number of leaves up to 200 larvae/
100 ml soil followed by a gradual increase (from 12.38 to
15,33).

The levels of R. zeniformis population inoculated to
the plants alse showed statistically significant variaﬁionm
in the number of leaves. The results indicated that 400
larvae/100 ml soil resulted in the lowest number of leavas

(3.00)., This was on par with other treatments except 25



and 1090 larvae/190 ml soll. The percentage reductien
rangad from 6.52 to 47.8l,

When the two nematodes were ineculated in combina-
tion and in sequence there were significant variations in
the‘data.,>Tha results showed that the inoculation of
409 M. incognita followed by 400 R, reniformis produced
the lowest number of leaves (14.73). In the reverse
sequence of inoculation and simultansous inoculation, the
rosults were found on par and with lower levals of inocu-
lation the slmultaneous inoculation was found less inju-
ricus when comparad to the seguentlal inoculation of
M. incognita and R. reniformis. In simultaneous inoccula-
tion, the percentage reduction ranged frem 5 teo 22 where-
as in sequential incculation the reduction ranged from

3 to 4iper cent,

3.4 Shoot welight

The data relating the offoct of nematodes on shaot
welght of cownea are presented in table 7 and apoendix I.
A significant reduction was seen in the shcot weight of
plants inoculated with different levels of #. incoanita.

It was minimum in plants inctulated with 400 iarvae/lﬂ@ ml



Table 7. Effect of M. incognita, R. reniformis and their
combinations on the shoot weight of cowpea .
observed at 63 days after inoculation

No. of larvae/ Shoot welght (g) % dacrease ovat control

100 ml seil M. incog= R. rani-~ M. i0cod- K. reni-
nlka nita foxmls

formis
0 58.34 16,67 - -
2% 46,82 13.33 19.74 20,04
50 41,26 12,56 29,28 24,66
100 43,50 11.33 2%.44 32,03
200 40,18 2.00 31.13 46,01
400 34,71 8,67 40,50 47.99
6990 33,36 10.%0 42,81 37.01
800 -3%,94 12,75 38.3%9 35,51
1000 33.42 13.00 42,72 22,02
cD 4,85 |2 13
0 51,21
120 M + 100 R 42,25 17.49
100 M followed by
100 R 42,94 16.1%
109 R followed by ,
100 M 46,10 9.98
2008 + 200 R 37.94 25,91
200 M followad by '
200 R 3%.13 31.40
200 R followed by ]
200 M 36,69 _ 23,35
400 M + 400 R 34,31 33.99
400 M followed by
400 R 32,69 36,16
400 R followed by
400 M 35,13 31,40
Cb 4,02

M = Meloidoayne incognita R = Botylenchulus reniformis
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soil (33.35 g) which vas glso on par with the inoculations
of 400, 83D and 1009 larvae/100 ml soil. The percentage
reduction ranged from 19,74 (25 larvaa/100 ml soil) to
42,81, (609 larvze/107 ml soil).

- In the case of B, roniformis even theugh there was
 a reduction in sheot walght due_to the nematcde infosta-

tien, the variations were not siaﬁiztically significant,

The mean shoot waights ranged from 8,67 te 13,33 g in

nlants inoculated with varying levels of R, raeniformis as

against 16,67 g in control plant., The maximum percentage
reduction in shoot weight (47,99) ovar control was observed

in plants inoculated with 400 larvae/100 ml soil.

When M. incoanita and R. zeniformis were inoculated
simultanesously and in gaquente, a significantAreduction

wag seen in the shoot weight of plants. The results sugge~
sted that plants inoculated with 400 M. incognita followed
by 400 R. zenifeormls recorded the lowest shost weight of

. 32,69 g. It was on par with simultaneous inoculation of
both nematedes and inoculation of R. reniformis followed

by ¥. Aincognita. At tha level of 200 larvas/100 ml soll,

sequential inoculation of these two namatodaes reduced the
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shoot welght more than when both nematodes were inocula-

ted simultaneously.

3.5 Root welght

The data on the effoct of M. ;ncbgnita and

R. reniformls on root welght of cowpea are presented in
téble 8 and appendix I and a significant difference was
observed in varicus treatments 65 days after the inoculae
tion of M. incoanita. The root welcht increased in plants
tnoculated with M. incoanita. The root welght was highest
in treatment with 600 larvae/100 ml soil and it was follow
wed by 400 larvae/100 ml soil and welghts recorded were

10.66 g and 9.78 g respectively.

The varying levels of B. reniformis did not cause
statistically significant varlations in root weight. The
mean root welghts recorded ranged from 2.80 g to 3.48 g
while in control the root weight was 3,80 g. Tho maximum
percentage reduction over contrel in root welght was
(26.32) obsarved in plants inoculated with 830 larvae/199 mi
soll. ‘

When these two nematodes were inoculated simultance

ously and in sequence a significant variations were noticed



Table B8, Effect of M. incoqnita, R. reniformis and thelir
combinations on root welght of cowpea observed
at 65 days after inoculation

No. of larvae/  Root welght (g) % deviation over control

109 ml soil  F-yrccde H. zeni-  B. incog- H. Lani-
nita “formis nika iQJ.‘.mi%

0 2,40 3,50 - -
2% . 3.56 3,48 48,33 18.42
50 o 3.61 3,35 50.42 11.84

100 4,39 3,18 82.90 116,32
- 200 4,22 2,91 75.83 23,42
499 9,73 3,27 307.50 13,95
600 10,66 2,91 344,17 23,42
820 ' 7.22 2,80 290,83 26432
1000 6,05 3,05 152,50 19,74
CD 1,76 .S
0 4,17 -
1008 + 100R 3.40 18,47
100 M followed by
o 100 R 3.60 13,67
1200 R followed by
100 M 3,50 8. 87
207 M + 200 R 3,31 . 20,62
200 M followed by
200 R 3.5% 14,87
200 R followed by
200 M 3,75 _ 10,07
400 & + 400 R L 2.98 | 28,54
400 M followed by _
490 R 3.18 23,74
400 R followed by '
400 M 3,38 18,94
cb 0.50 '

M = Meloidogyne incoanita R = Hotvlenchulus reniformis
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in the welght of root. The welight was minimum (2.98 g)
when M. incognita and R. reniformis were inoculated simule
taneously at the rate of 400 larvae/199 ml soll while in
treatment in which 400 larvae of M. incognita followed by
400 larvae of R. reniformis were inoculated the root
welght was 3,18 g. This was found on par with the reverse
sequence of inoculation. At the lovel of 200 larvas come
bined inoculation of the two nematodes reduced the root
wolght (3.3l g) more than when M. incognita was inoculated
first (3.55 g) or after inoculating R. reniformis (3.7% g).
Treatments with the lowest levels of nematodes population
(109 larvae/100 ml soil) alsc showed that simultansous
inoculation was more injurlous than inoculating the nemaw

todes in sequence.

3.6 Nematode population in soil

The populations of nemstodes in soil oxamined at
4% and 65 days after inoculation are presented in table 9
and 10 and appendix I. The nomatode poéulation in'seil
&5 days after inoculaiion is represented in Fig.l. A
significant incroase in nematode population was seen with
the increase in inoculum levels, The average population
of M. incognita ranged from 17.61 to 196.33/100 ml scil.



Table 9., Effect of M. incegnita, B. raniformis and their
combinations on the population density after
45 days of inoculation

No. of larvae/ Number of Nematodes observed

100 ml soil
A M. incognita R. rsniformis
0 8 0
25 17.61 828,00
50 26,48 © 845,67
100 32,11 1136,87
290 ‘ 48,33 381,00
400 104,66 828,00
600 ‘ 125,78 1772,92
800 161,22 1870.50
1000 196,33 2309,33
CDh 8.68 - 657.22
0 - 0 0

150 4 + 100 R 13,07 63.21
100 M followed by 100 R 17,1L 197.15
100 R followed by 100 M 2.00 132,15
200 M + 200 R 19.20 373.00
200 ¥ followed by 200 R 28,01 237.30
200 R follewed by 230 M 15.02 225,20
400 M + 400 R 31.00 402,10
400 M followed by 400 R 40.00 917.00
490 R followed by 400 M  25.8D 294,00
cn 5.59 74,36

M = Meloldeqyna incognita R = Rotylenchulus reniformls



Table 10. Effect of M, incognita, R. reniformis and their
combinations on the populaticn density aftaer
83 days of inoculation

‘ Number of nematodes observad

No. of larvae/

190 ml soi; Ms incognita R, reniformis
0 0 0
25 205,00 1139,00
50 298, 66 1319.67
190 328,76 1292,00
200 345,67 1161,97
400 556,00 1693,17
609 628,55 1332,20
890 330,11 2879,80
1099 857,55 8721,00
cD 130,54  3115,48
0 0 0
100 M + 100 R 92,22 1656.%3
190 M followed by 100 R 96,60 1343,00
109 R followed by 100 M 99,10 792,00
200 M + 200 R ) ' 205,00 2214.21
200 M followad by 200 B - 336.00 4032,00
200 R followed by 200 M ° 93.00 2679,0%
ADD M + 400 R 343,18 5130,00
403 M followed by 420 R 462,00 5907.90
400 R followed by 400 M 132,00 3430,15
cp 16.64 464,54

M= 5elg'idogz, ne igcocgit.g' R = Rotylenchulus renlformis



QF PODPS PR.R PLANT

NO.

F1G.1. EFFECT OF /Kc'ncagm'b‘a, .,@ renifarmis AND THEIR COMBINATIONS
Qi THE YIELD OF COWPEA AND THE POPULAT\ON DENSITY OF NEMATODES

{6 11[

12 416
8 414
Alla

]
]
3
[
I

»
L

N
1

8 o M.incognita

| — |

==

Ko. OF PODS
Wt . OF SEEDS
/’Léncogm:ta IN Sow

T 2. renigormis \N Sl

| s—

M. cncognita W vaoot

2. l'endfornu's IN ROOT

Q . fmfaw

WE. oF SEED PER PLANT IN

(]
L

|

-

[]

u
{100 200 400
NEMATODE INOCULATED

COMBINATION

o ‘go*’"
R

MO. OF NEMATODES PER 106 ) Kol

COMBINATION OF NEMATODES

4000 | 20

2000 44

I
{

1

@
8
[+]
A D
tn

Y
-

50060

1
N
(]

000

T
N
o

;

2000

T
-l
[+
no. OF NEMATODES PER 5 cm ROOY

§

I
[
I
0

8000 A0

6000 | 30

209°) s0




[ 70133
o 51

A naximum population was recorded in pots incculated with

1090 larvae/100 ml soil (196.33),

The varying lev¢ls of BR. renlformis population inoe-
culated to the plants also cauaad'significaﬂt variations
in population Euild up., The mean populaticn of R. reniformis
ranged framxaza ﬁo 29097199 ml soil. The maximum popula-
tion of 2909 was recoréed in pots treated with 1000 larvae/
100 ml sqil.

Whon the two nematodes were inoculated in combination
and in sequeonce a significant variation was seen in the |
population build up. Simultaneous inoculation of the nema-
todes at 400 larvae/100 ml soil recorded a population of
31 M. incognita énd 402 R, reniformis 45 days after inocu-
lation., Maximum population build up was recorded in the
inoculation of M. incognits followed by R. reniformis (40
M. incognita and 917 R. zaniformis) and in the revorse
sequence of R. zeniformis followad by M. incoanita, the
nematode population was 25 M. incoanita and 294 H. reniformis/
109 ml scil. The same pattern of multiplication was noti-

ced in lower levels also.
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Though at 49 days after inoculation M. incognita
recorded a low population, a progressi&e increase was
observad towards the later stages of the exp;riment. The
results showed statistical variations after 65 days of
inoculation. The population of M, incognita at different
$noculum levels rangad from 298,66 to 357,55, The maximum
vopulation was recorded in pots inoculated with 1000 larvae/
100 ml sotl. The multiélication rate was maximum in pots
inoculated with 25 larvae/100 ml soll and minimum in pots
inoculated with 1090 larvae/100 ml soil,

In the case of B. reniformis also, the maximum
nsoosulation was saen in pots inoculated with 1900 larvae/
100 ml seil (8721). Hore also the multinslication rate
was maximum in pots inoculated with 23 larvae/100 ml soil
and minimum in pots inoculated with 1000 larvae/100D ml
soil.

when M. incognita and B. zaniformis were inoculated
in different combinations, the average population of
M. 4ncoanita ranged from 90.10 to 462,00 and H. zeniformis
ranged from 792.00 to 5907.0Q3. The maximum population of
M. incognita and R. reniformis were recorded In pots ino-
culated with 400 M. incoanita followed by 400 R. reniformis
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15 days later and minimum population of these two namatodss
were observed in pois inoculated with 100 B. xaeniformis
followed by 100 M. inceanita 13 days later.

3.7 HNematode population in ths root

The population of nematodes in the root observed
65 davs after inoculation of nematodes are prasented in
table 11, Fig.l and appendix I. The mean population of

M. incognita in 5 cm root ranged from 3,1 to 25,9 in diffew

ront treatmonts. The maxinum namétoda population of 25.9
was recorded 4in pots inoculated with 409 larVaa/lOd ml
soil and the minimum 1& 2% larvaallob ml soil. The numbar
of nematodes in pois witﬁ 1000 larvae/l100 ml soil fecorded
only 11.2 nematodes In 5 ém root, Thera was a gradual
increase in number of‘nematedes in poté incculated with
400 larvae/100 ml soil while the treatments having higher

lovels of nematodes showed lower population In roots.

In R. zeniformis also significant variation ware
noticed at different levels of inoculatlon. Here the maxi=
mum mean population of 8,9 was recorded in plants inocula-
ted with 200 larvae/190 ml soil and the minimum 1.5 in
plants inoculated with 25 larvae/100 ml scil. Gradual



Table

11, Effect of M. incognits, B. reniformis and their
combinations on the population of nematedes in

the rcot

No. of larvae/

Number of nematodss observed

100 ml soil in 5 cm of root
| M. incognita R. reniformis
0 0 0
25 3.1 1.5
30 5.9 2.9
100 13.7 6.7
200 20.1 8.9
400 25,9 8.6
500 19.2 7.9 .
800 17.21 4.1
1000 1.2 4,0
CD 4,13 0.09
0 0 0
I00M + 100 R 12,7 7.9
100 ¥ followed by 100 R 13.6 8.4
100 R followed by 100 M 11.1 8.1
290 M + 200 R 17.3 9.9
209 M followed by 290 R 16,7 9.8
200 R followed by 200 M 18,2 10
400 M + 400 R 23.2 10
490 M followed by 400 R 22.9 2.6
400 R followed by 400 M 23.7 10,2
CD 0.74 0,952

M = Moloidogyne incoagnita R = Rotylenchulus renlformis

34
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increase in the root population was noticed upto the
inoculun level of 200 larvae/100 ml soil and at higher

levels there was a decrrase in root populatiion.

vhen M. fncoanita and R. rénif@rmis were inoculated
simultanaously and in sequence, significant variation in
root population was'nottceé. In pots incculated with
490 R. reniformis followed by 400 M. inceanite/100 ml soil
recorded a maximum root populatien of 23,7 M. incognita
and 10,2 B, reniformis in % cm root after 65 days of ino=
culation., This was on par with reverse sequence of ino-
culation and alsc with the simultanecus inoculation of
the nematodes at 400 larvae/100 ml soll. The minimum
population of the twe nematcdes was racorded in treatment
with 122 R. reniformis followed by 120 M. inceanita/190 ml
soil {11.1 and 8.1).

3.8 Yleld (Number of posds)

The data on yield and the resﬁlts of analysis of
variance of the same are prosented in table 12 and apnone
dix I. The number of pods obtained from plants ifnoculated
with M. lncoanita larvae at varying levels of ranged from

7.94 to 10.87 and the number of pods in control plont was



Table 12, Effect of M. incognita, B. reniformis and their
combinations on the number of pods of cowpea

Number of lervae/ Number of pods % decraase over cm‘arel

100 ml soll T. Incog- R, Teni=  H. 1Aco R Fanis
0 14,67 11,33 - -
25 10,87 10.33 25,90 2.83
50 10.13 9,50 30.9% 16.1%
150 7.94 5.67 45,83 49,96
200 8,70 5,33 40,72 52,96
400 9,35 6.33 36.26 44,13
600 8.29  6.50 43,49 42.63
809 9,46 10,00 35,51 11.74
1000 8,70 9.50 49,70 16.1%

ch 2,27 1.68

I - 13,25 -

109 M + 100 R - 9.25 30.19
100 M followed by 100 R 8,75 33,96
100 R followed by 100 M 11.75 11.32
200 M + 209 R © B.23 37,74
200 M followed by 200 R 7.75 ' 41,51
200 R followed by 200 M 9,00 32.03
ADD M + 400 R 7.09 47,17
400 M followed by 40C R 5.75 56,60
400 R followed by 400 M 8,2% 37,74

cp 1,83

M = Meloldogyne incognita R = Rotylenchulus reniformis
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14,67, The lowest number of pods was in slants inoculatad
with 100 M. incognita larvae/100 ml soil (7.94). This was
found on par with all other treatments except 2% larvae/
100 ml soil. The percentage decrease in these ireatments

ranged from 43.49 to 25.90 (Fig.l).

The yield data showad that there was significant
decrease 1n various treatments inoculated with 2. zeniformis
alsc. The lowest number of pods (%.33) was recorded in
nlants inoculated with 200 R. renifermis iarvae/loo ml
scil. It was on par with inoculation of 1290, 400 and 600
larvae/109 ml soil. The wmean numbers of peds ranged from

5.33 t¢ 10.33 while in control the number was 11.33.

- The vield data also revealed that seguential inocue
lation of 400 M. Aincognita followed by 400 R. reniformis
1% days later resulted in ﬁighest reduction in number of
pods (5.75). This was also on par with the simultaneous hecdalieor
of the nematodes (7.00). At the level of 200 larvae, the
sequential inoculation of M. incognita and R. zeniformis
reduced the number of peds (7.75) more than when R. reni-
formis was inoculated first (9.0). These two seguential

inoculations were on par with the simultaneous inoculation
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of M. ingggg;gg ard BR. rgniformis. Treatments involving
the lowest level of naematode population. (100) also showed
that the sequential inoculation was more}injurieus than
simultaneous incculation. The percentsge reduction ranged
from 30,192 to 47.17 in simultanscus inoculation whereas in
sequential inoculation, the reduction ranged frem ll.32 to

56.60 per cent,

3.9 Yileld (Seed weight)

The yield data (seed welght) with respect Lo the
individual and combined inoculation are presented in table
13 Fig.) and appendix I. The data showed statistically
significant variations. The yleld of the plant inoculated
with M. incoanita larvas at different inoculum levels ranged
from 3.13 to 5.29 g while the yield 1in control plant was
T.57 g. The lowest yield of 3.13 g was recorded in plants
jnoculated with 400 M. incognite larvas/100 ml soil., This
was on par with inocculation of 53, 109, 200 and 609 larvae
of M. incognita/100 ml soll. The percentage decrease ranged
from 30.12 to 58.65. The reductions in yield were on par
from 25 to 400 larvae/100 ml soil and an increass was notie

ced in higher inoculum levels.



Table 13, Effaect of M. incognita, R. roniformis and their
combinatlons on the welight of secds of cowpea

Ho. of larvae/ Welght of seed (g) % decreasse over control

100 ml soil -
7 M. incog~ R, Fani~ M. inceg- R. reni-
nlia olfs Tiothls

formis
0 7.57  %.33 - -
25 5,29 4,00 30.12 24,95
50 3,81 3.98 49,67 32,83
100 3,2% 2.33 57.07 56.29
200 3.19 2.16 57,936 59.47
400 3,13 2.42 53,6% 54,60
690 ' 3.8L 2.93 49,67 46,90
800 4,39 3.33 42,01 37.32
1000 4.51 3.17 40,42 40.%3
CDh 0.89 0.73
0 6.89 -
100 M + 100 R ‘ 3.66 46,83
100 M followed by 10D R 3,96 - 48,33
"109 R followed by 100 M 5,10 25.98
200 M + 200 R 3,50 49,29
200 M followed by 200 R 3,08 55,73
200 R followed by 200 M 3,33 43,69
490 M 4+ 400 R 3.06 5%, 59
400 M followed by 490 R 2,56 62.84
400 R followed by 400 M 3,56 48,33
D | 1,33

M = Meloidegyne incognita R = Rotylenchulus reniformis



Regarding R. reniformis, 200 larvae/100 ml soil

recorded the lowest y;ald of 2.16 g. This was on par with
‘the inoculation of 100, 405 and 600 larvae of R. reniformis/
190 ml soil. The mean vields ranged from 2,16 g to 4 g as
against 5,33 g in contro; plants, Here alse a s%eady
decline in seed welght was recorded from 25 larvas/100 ml
soil to 200 larvae/icﬂvml soil. In other treatments an

increase in yield was recordad,

When M. incoanita and R. reniformis were incculated

simultancously and in sequence, the plants inoculated with
400 M. incognita followed by 400 R, reniformis showed the
maximum reduction in seed weight (2.%6 g). This was on
nar with the reverse sequentlal inoculation {3.56 g) and
the simultaneous inoculation of both nematodes (3.06 g).
At lower levels of 200 and 100 larvae/100 ml soil also the
simulfaneous iﬁoculation was less injurious when compared

to the saguential inoculatien of M. incognita followed by
R. reniformnis.



Discussion
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4, DISCUSSION

Rooteknot nematede, M. incognita and reniform
nematode, R. reniformis have been recognised as endsmic
posts of cowpea in Kerala. Detalled information on the
pathogenicity of these nematodes and theilr combined effect
are lacking. A detalled study was hence conducted and the

results obtained are discussad balow.

M. incoanita at different levels of population rang-
ing upto 1000 larvae/190 ml of soll did not adversely affaect
the plant height as observed at 45 and 65 days after inocuw
lation (Para 3.1). In the case of B. reniformis, the variae
tion in height obssrved at 4% days after incculation did not
show significant difference, AL 65 days after incculation
there was statistically sionificant variation in height.
Maximum reduction in helght was obtained at 50 larvae and 209
larvae/190 ml soil and 4in treatments above 490 larvae/100 ml
s0il, the adverse effect on plant helght was getting reduced.
This agroes with the findings of Gupta and Yadav (1980) who
revealed that a sighificant reduction in the height of cowpea

was caused by the incidence of R. reniformis.

The simultaneous inoculation of the two nematodes was

found to affect the height of the plant more adversely than
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when the nematodes ware inoculated in sequence., The simulw
taneous inoculation of 400 M. incoanita and 400 R. reniformis

raesulted in the maximum reduction in height.

The girth of the nlant (Para 3,2) was significantly
affected by M. incognita at different levels ranging from 23
to 1000 larvae/100 ml soil when observed at 45 and 65 days
aftor inoculation. Maximum reduction was obtained at 45 days
with 602 larvae/100 ml soil. This was on par with treat-
ments 100 to 1000 larvae/l00 ml soil. At 65 days after inc-
culation maximum reduction was observed in plants inocculated
with 200 larvae/;ﬂo ml =0il. This was on par with treatments
at %0 to 879 larvaa/100 ml soil. Métb at al. (1979) observed
that increased iarval population of M. inccgnita resulted in
proportional decrease in piant growth in bengal gram. In the
case of R. reniformis significant effect was not observed at
4% days after inoculation, but in later stagss a sicnificant
difference was noticed, Maximum reduction in girth was ob=-
sarved in plants incculated with 200 larvae/100 ml soil,
This was also on par with 100 to 1000 larvae/102 ml soil,

Combined inoculation of nematodes had a significant

influence on the girth of the plants. Sequential inoculation |
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of the namstodes caused more damage to cowdea than simul-
tansous inoculation, at 45 and 65\days after inoculation.
At 45 days after inoculation, sequential incculation of
R. reniformis followed by M. incoqnita caused more damage
while at 65 days after inoculation, the reverse sequence,
M. incognita followed by R. reniformlis was found mora
destructive,

Leaf production was also adversely affected by the
nematodes (Results presented in Para 3.3.). M. incognita
caused the maximum reduction at the incculum lavel of 200
larvae/1n0 ml seil and this was on par with 190 to 1000
larvas/100 ml soll., After 6% days of inocculation, again
maxinum reduction in leaf production was seen in treatments
inoculated with 200 larvae/100 ml soil. Haut et al. (1989)
obsarved shedding of basal leaves of soybéan at incculun
levels of 1000 to 10,900 larvae of M. incoqnita/kg of soil,
'Jagdale et al. (1986) observed a significantiy lower numbar
of leaves and reduced leaf size in betelvine inoculatad
‘with 10,990 and S0,00@ larvae of Y. inceognita, In the. case
of R. reniformis, significant affect was noticed 43 and 65

days after inoculation and maximum reduction was observed

at 400 larvae/100 ml soil. The treatments ranging frem 30
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to 1999 and 50 to 830 1,rvae/139 ml scil were found to be
on par with 409 larvae/100 ml soil at 4% and 65 days ros-
pectively. Adverse sffects of the nematode on leaf pro=
duction of crops had been reported by many workers.

In combined incculation {both the simultancous and
sequential inoculation) had no significant effact at 45 days
after inoculation. At 65 days after incculation, M. incoanita
followed by R. reniformis sequence sroved more injurious
when cempared to the reverse sequence and simultaneous

incculation,

The injury caused by the nematode on cowpea plant
and their consequent reflection on shoét and root welght
was highlichted in the present study (Para 3.4.), M. incog-
nita caused 3 significant reduction in shoot welght and the
maximum reduction was obsoerved in plants inoculated with
600 larvae/l00 ml soil. This was on par with the inocula~
tion levels of 400, 800 and 1000 larvae/10) ml soil. The
results obsarved in the present study agreed with the find-

ings of many wvorkers {Acosta and Ayala, 197%., Castillo

et al., 1973 and Sakhuja and Sethi, 1986). R. reniformis



did not have any significant influence on the weight of
shoot. But significant reduction ef shoot weight had
baen reported by earlier workers (Gupta and Yadav, 1979

and 1980).

The sequentlal inoculation of the nematodss,
especially i, incoanita followed by R. reniformis. was
found to gave the highest reduciion in shoot weight,
Similar reduction in shoot weight was noticed by Singh
(1976) in soybean infected by M. incognita and R. reniformis.

The root weight of cowpea (Para 3.5.) infected by
M. incoanita showed a significant tncreasé. The formation
of secondary galls must have caused this increase in
wolcht. Jchnson and Nusbaun (1970) and Jij1 (1986) also
recorded similar increasgos in the root welght of tobacco
and brinjal respactively. Agreeing with the findings of
various scientists (Gupta and Yadav, 1980; Singh, 1975)
roots of cowpea inoculated with different levels of
R. raniformis showed a decresse in welght though not signi-
ficant,

In the combiﬁed 1nocula£ﬁon simultanecus inoculae-

tion of the two nematodes caused more injury to the roots

of cowpeza than the sequential inoculation,



The recovery of the nematode M. incognita and
Re, zeniformis from the soll incculated with diffarent
levels of inoculum 2t 45 and 65 days after inoculation
are presented in Para 3.6. Though the recovaery of both
the nematodes were low at asth day after inoculatien,
there was significant increase:. in the population towards
the later stages indicating thelr successful survival and
muitinlication in the pots. A striking feature observed
in the experiment was that the multiplication rate of the
nomatodes was high in treatments given low initial inccue
lum levels whan compared to the higher levels of inocula-
‘tion. Probably the competition for space and food at
higher incculum levels did not favour successful establi-
shment of the nematodes while at lower inoculum levels the
nomatcdaes could establish better and attain reproductive
stability, DiVito et al. (1933) cbserved a similar trend

in the case of H. incoanita.

In the caﬁbingé inoculations, B. reniformis ssems
to have exerted an adverse effect on root-knot nematode.
The multiplication rate of M. fncognita was inhibited in
the proximity of Re zenlfiormis. Both nematodes thrived well
when M. incognita was incculated prior to R. reniformis.

66



Regézdlng the interaction of the two nematodes, soquential
inoculation of M. incognita follewed by R. feniformls in=
creased the population of H. reniformis. Inoculation in

the raverse seguance suppressed the inefaasa of R. zeniformis.
The results obtained contradicts the findings of Taha and
Kassab (1972) that a suppression of reniform nematode was

caysed by root knot nematode infestation in cowpea.

Nematode population in the root samplas {Para 3,7,.)
increased upto the inoculum level of 400 larvae/100 ml soil
in the case of M. incegnita. Thereafter the rcot populae
tion showed a decreasing trend, This micht bs due tc the
intraspecific competition of the nematode which is an active
endoparasite. Nadal and Bhatti (1977) had recorded the
highest gall numbar and nematode muliiplication rate at 100
larvae/kg soil. Regarding R. raeniformis, 200 larvae/100 ml
soll was found critical. Below and above that level the

root pepulation got reduced,

In the combined inoculation, reniform namatode domi=
nated the root-knot nematode in number within the rcots,
thus indicating a2 competition bastwaen ths two species in

getting established inside the host tissue. Inocculation of



R. zeniformis followed by . incognita recorded a higher
number of bhoth the nematodes than whan they were inocculated
simultaneously. Pathak gt al. (1983) reported reduced rootw

knot formation in the presence of R, zeniformis.

.*mhe advarse offects of the nematede-on the growth
sitributeé took their toll on the vield of cowpea also
(Vide para 3.8.). Initial incculum levels of 100, 200, 490
and 600 larvae of M. incognita resulted in conspicuous decrom
ase in yield in terms qf number oflpcds and s@éd welght.
The maximum loss‘in numbgr of pcds.was obsorved at 100
larvae/100 ml soil and in ssed weight at 400 larvas/100 nl
soil. The de;staricus offoct of M, inccgnita on the yileld
of different vegetables like tomato, okra, brinjal,
frenchbean and peas have been brought ocut by variocus sclene
tists (Batiy and Jain 1977, Krishnag§a et al., 1981.,
Reddy, 1995). R. reniformis alsoc caused appreciable damage
in yield at the inoculum levels of 100, 200, 429 and 600
larvae/100 ml seil. An inoculum lovel of 200 Larvae/199 ml
soil oroved te be the critical level both in terms of num-
ber of pods and seed woglght, Pathogenlc capability of tho
reniform nemateode have been established in several vegéta-
bles (Varma and Prasad, 1969,, Gapasin and Valdez, 1973,
Singh snd Khera 1979).
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Combined incculation of the nematode indicated that
in terms of both number of pods and weight of seed, inocu~
laticn of M. inccanita followed by R. renifoxrmis was more

injurious than the inoculation done simultaneouslyl

An overall appraisal of the data indicated the debli-

tating effect of ths two nematodes, M. incognita and

R. zeniformis in cowpea. Initlal incculum levels of 100,
200, 407 and 699 larvae/170 ml soil of thasa nematodes
exertad severe damaging influence on cowpea. The higher
inoculum levels of 200 and 1090 larvae/170 ml soil did not
show a progressive increass in crop loss probably due to

the competition of nematodes for space amd food especially
since these nematodes are known to prefer specific feeding

sites.

It is also seen from the results that the thrashold
levels of the nematodes will fall within the ranga of 100
to 600 larvae/103 ml of soll. The damaging threshold level.
of M. incognita and R. reniformis had bsen worked ocut by
various scientists., Das Gupta and Seshadri (1972) observed
that an inoculum lavel of 20 larvae of R. reniformis/g of
soll was the damaging level on cowpea. Raut {1950) repor-

ted that 1070 larvae of M. incognita/500 g of soil was the



marginal thresheold lsval in mungbean. Cowpea apvears to

 be more sensitive to M. inceqnita.

A complement of nematodes are generally seen in the

thizosphere of plants. The symptoms manifested in the

plants are usually the outcome of their combined effect.

It was obssrved in the present experiment on the
combined effect of M. incoanits and H. zeniformis that an
inoculum level of 400 M. incoonita, fellowed by 400
E;.reniferggg 15 days later exerted a highly delaterious
aeffect on cowpea. Simultancous incculation of 400
M. incognita and 400 B, reniformis did not lag for behind
in its deblitating effect, Both the olant characters and
yield parameters were squally affected by these inocculum
levels, Generally the symptoms manifested in nematode
ravaged plants are the oulcome of histopathelogical dis-
orders produced in the plants by the feeding nematodes,

M. incegnita is accepted as a phloem feeder while R. reni-
formis is found tc prefer the pericycle regién of cowp@a
as its feeding site (Rasak and Evané, 1976). As indicated
by the results obtained in the present experiment, these

feeding activitiss of the nematode ultimately resulted in



the disruption of the normal function of the root ie.
nutrient and water uptake and translocation lsading to
unthriftness of the plant. Pathological raaction of
differont crops to a combination of root-knot and reni-
form nematode have bgen studied by several workers.

{Xheir and Osman, 1977., Pathak at 2l., 19385, Shamim
Ahamed st al., 1987). Conéidering the nematode populae
tion, reniform nematode dominated the root-knot nematode
in combined inoculation. Similar results have been repor-

ted by Rao and Prasad (1971) and Pathak et al. (1985).

Despite the importance of M. incognita and
2. reniformis as serious pests of cowpea, no accurate
“data are available on the enormity of crop losses dus to
tham. The present investigation was an attempt to deter~
mine the damaging population levels of each nematode and
the extent of crop loss at this critical level. The results
indicated that the damaging population level fall in the
range of 109-670 larvaa/100 ml soil. The tentative effort
made to study the interactlve effect of the endoparasite
4. incoanita and semi endeoparasite R. reniformis revealed
a competitive interaction, with the time of inoculation and

inoculum levels checking the domination of the nematodes.



Summary
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SUMHARY

A series of pot culture experiments were conducted
for assessing the extent of damage caused by . incoqnits
and R. reniformis to cowpea individually and in combinpation,

The raesults obtained have baen summarised below.

M. incognita and R. zeniformis were incculated on
potied nlants 2t population levels ranging frém 0 to 1000
larvas/190 ml soil, The plant heizht was not affacted by
the treatments at 43 days after inoculaticn. Inoculatlon
of 200 larvae of B. zaniformis /100 ml soil checked the
nlant helght significantly after 65 days of incculation,
Though M. incognita 4id not preduce any signifiqant effect
individually, combination of 400 M. incognita and 400 R.
reniformis/100 ml soil caused deleterious effect. Simul=
tanacus.inoculatien caused more damage than segquential

inoculation.

Significant differsnce was cbhserved in plant girth
even after 45 days of inoculaticn of M. incoanita alone
and in combination with B. zeniformis. Sequential inoculaw-
tion of 490 M. incoanita follewed by 400 R. reniformis/

100 ml soil recorded significantly maximum reduction in

plant girth compared to all other combinations 65 days

after 1noculatiaﬁ.
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Both the nomatodss affocted the number of leaves
at 4% and 69 days after inoculation. In concomitant ino=
culation, éignificant reduction was observed at 65 days
after incculation and it was maximum in the sequential
ihoculation of 420 M. Jjncganita follewed by 400 B. renl-

formis/100 ml soil.

Inoculation of M. incoconita at and above 400
larvae/100 ml soil produced more deletericus effect on
shoot weight of cowpea. The seguentlal inoduiatioh of
M., lncoanita fqlloweélby R. zeniformis produced significan-

tly more reduction in shoot weight, irrespective of the

level of inoculum. .

M. incoonita oroduced significant incraase in root

woight whereas a non sionificant and marginal reduction was
noticed in R. reniformis. The simultansous inoculation of
the two nematodes gave more significant reduction than the

saquential inoculation.

-Multinlication rate of both nematodes in the soil
were found higher in the lower inoculum levels than in the
higher incculum levels. R. reniformis dominated M. incounita

in multiolication throughout the course of experiment.
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The studiés revealed that 400 larvae/190 ml soil
were found fo be critical in M. incognita as well as in

2. reniformis, below or above to this level the roct popu-
lation was found reduced. In concomitant inoculation,
reniform nématode had an adverse effect on the multislicao-
tion of root=knot nomatode and at the same time its multi-
nlication rate was slightly increased cémpared to their

individual effect.

In the case of number of pods, individual inoculae
ticn levels between 100 and 4500 were found eritical. In
cencemitant axpariment, the sequential inocculation of
M. incoonita followed by R. zznlformls caused more signi-

ficant reduction.

- Both the nematodes reduced the yield of cowpea in
torms of seed welght equally., However, the levels from 100
to 699 were found more critical than others. In the combined
inoculation, the yleld raduction was very conspicuous in all
the levels aexcent the sequential inoculation of 1909 BR. rani-

formis followed by 100 M. incegnita/100 ml soil.

Plants inoculated with 100 to 600 larvae/l100 ml of
soil showed maximum damage. 8o it can be assumad that the
threshold level of the two nematodes may lie in between

100 and 699/100 ml soil,
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1.

Appendix I
Analysis of varlance of different charactors
Effect of M. incognita on cowpas
{a) 45 days after inoculation

Mean squares

Characﬁegs Treatment Errer
1. Plant height 185,62 19%.57
2., Plant girth | 0.045 0,014"
3. Number of leaves 14.466 4.371*
A. Population density in soil 14834,79 25,631

{b) 65 days after inoculation

1. Plant height 124,207 51,990
2, Plant girth 0.067 0,006 "
3, Number of leaves 12,342 2}234**
4. Shoot weight 196,912- 7,991
5. Root weight 25,283 1.063° "
6. Population density in soil 242955.54  5790.34
7. Population in root - 237,3 5,827
8, Number of pods | 12,551 L7590
9. Welght of seeds 5.946 0,268



=

1I, Effect of R. reniformis on cowpea

e

2.
3.
4,

1.
2.
a,
4,
5,
6.
7,
Be
9.

{a) 45 days after inoculatien

Plant helght
Plant girth
Number of leaves

Pépulation density in soil
(b) 65 days after incculation

Plant height

Plant girth

Number of leaves

Shoot welght

Root welght

Population density in soil
Population density 1in xoot
Number of pods

Weight of seeds

10,731 8,296
0.021 0.008
12,520 2,990 "

2114816 146730

149,643 a,074""
0.026 0,006
18,250 5,148"
18,325 13.594
0.307 0.154
19505030  329s301™"
31495 0,07
15.729 0.963""
2.965  0.188

11I. Combined effect of M. inceanita and R. reniformis

1.
2,
3.

on cowpea

{a) 45 days after inoculation
Plant height.
Plant girth

Nunmber of leavas

649,960 645,900
0.073 0.017
20,270 20,767



4.

S

1.
2.
3.
4.
S
6.
7
B¢
9.
10.
1.

Population of R. reniformis in soil 214478  2683.,4"
Population of M. incognita in soil 357, 126 14.997*

{b) 65 days after inoculation

Plant helght 993.400 95,000
Plant girth ' 0,108 a.008""
Number of leavas 37,770 6.420""

*®

Population of R. reniformis in soil 10335000 103506,33"
Population of M. ipcognita in soil  70179.77 132,80
Populaticn of B. reniformis in root 37.73 0.204"
Population of M. incognita in root - 205,75 0.2636""
shoot welght 145,240 10,000
Root welght 0.468 0, .1.24gw
Numbar of peds 19.00  1.130°
Weight of seeds 6,251 0,860
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ABSTRACT

Thrae pot culture experiments were laid out with

the ebjaciives (1) to study the affect of M. inceqnita on

cowpea, (1i) to study the effect of R. zeniformis on cowpea
and (111) to study their combined effect., The individual
affects were assessed with nine population laovels ranging
from O=1000 larvas/170 ml soll each replicated thrice. In
the combined experiment three'populatian levels, 100,”200
and 400 and their three comblnations were trizd each repli-

cated four times.

The results indicated that at initial inocculum
levels of ioo, 200, 400 and 600 larvae/190 ml of soll of
the two nematodes, M. incognita and R, reniformis exerted
severe damaging influence on cowpea. The higher inoculum
levels of 800 and 1002 larvae/190 ml soil did not show a
progressive increase in crop loss., It is evident that the
threshold levels of the nematodes will fall within the
range of 190 to 500 larvae/17) ml soil.

In the combined inoculation of the nematodes, an
inoculum level of 400 M, incognita feollowed by 400 H. zenie
formis/loa ml soil 15 davys later oxerted a highly deleteriocus



effact on cowpea., Simulianeous inoculation did not lag

for behind in its deﬁ}itating effect.

Consideriﬁg the nematode pbpulation in s0il, multi=-
plication rate of both nematodos were found higher in lowor
inoculum levels than in the higher inoculum levels. In the
combined ineculation, reniform nematcde dominated To0t~
knot nematode. Reniform nomatode had an adverse effect on
the multiplication of root~knot nematode. Both nematodes

thrived well when M. incognlta was inoculated prior to
R. reniformis.
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