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EFFECT OF SINGLE AND CONCOMITANT INOCULATIONS
OF HETERODERA CA]ANI AND FUSARIUM SOLANI ON TRE ACTIVITIES

OF NITRATE REDUCTASE AND GLUTAMINE SYNTRETASE IN COWPEA

by
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Summary. Two hundred juve!1i1es of Heterodera.c~ian.i and 2 g of Fusarium so/ani ~ycelial pieces in singl.e in?Culations sign.ificantly reduced
nitrate reductase and. glutamme synthetase act1v1ty 1~ .cowpea c~. ~us~ pophasli, 70 days after plan~l~g m a. po~ expenm.ent. However,
concomitant inoculat1ons of nematode and fungus m1t1gated the1r md1v1dual effects on enzymes act1v1ty which lS also ev1dent tram the
reduction in nematode populations in presente of the fungus.

The pigeonpea cyst nematode, Heterodera ca;ani Koshy,
is highly pathogenic to cowpea (Koshy and Swarup, 1972;
Sharma and Sethi, 1975). In nature, nematodes interact
with a variety of organisms including root rot/wilt fungi,
which affect the growth of the host pIanto However,
knowledge of the mechanism by which nematodes alone or
in association with fungi reduce the growth of host plants
is far tram complete. Nutrient imbalances observed in
nematode infested plants may be a major factor contribut-
ing to pathogenicity.

Nitrate assimilation and biological nitrogen fixation
represent the major sources of reduced nitrogen far plant
growth and seed yield in legume crops. The end product of
both the processes is ammonia which is incorporated into
the amino acids (Miflin and Lea, 1980). Nitrate reductase
(NR) and glutamine synthetase (GS) are the key enzymes
responsible far the assimilation of nitrate and ammonia,
respectively (Abrol et al., 1984).

We investigated the effect of infection by the pigeon-
pea cyst nematode (Heterodera ca;ani) an:d Fusarium so/ani
(Mart.) Sacco both separately and in combination on the
growth of the cowpea host and on the activities ofNR and
GS in the shoots and roots.

filled with sandy loam soil pre-sterilised at 15 psi far 3
hours. Ten day old cowpea seedlings were inoculated with
200 freshly hatched second stage juveni!es of H. ca;ani and
two grams of mycelia! pieces of F. solani cowpea isolate
grown on potato dextrose agar medium either singly or in
combination to make three treatments. An additional un-
treated contraI was also maintained. All the treatments
were replicated six times. The pots were randomised in a
screen house (22.9 - 31.5° C). lnoculations were made
simultaneously to the exposed roots of the plants which
were then immediately covered with sai!. Seventy days af-
ter inoculation, the plants were uprooted and washed free
of sai!. Totalleaf area was measured using a Denko model
AAM7 leaf area meter (Hayashi Denko Co.Ltd, Tokyo, J a-
pan). Leaves were pooled and cut into small sections. NR
activity in vivo was assayed according to the method of
Klepper et al., (1971) and GS activity by that of Elliott
(1955).

Nematodes were extracted tram six pots of each treat-
ment by a modified Cobb's sieving and gravitation method
usitig a set of sieves of mesh size 20, 60, 325 and 400
(Schindler, 1961). Fina! nematode densities given in Table
I include the soi! population extracted as explained above,
nl:Imber of eggs in cysts and the number of females on
roots.

Materials and methods

Plants of cowpea, Vigna unguic~tata (L.) Walp, varo
Fusa Dophasli were grown in 15 cm diameter clay pots

Results and discussion

Shoot weight was significantly decreased by the nema-
tode and fungal inoculations when made separately but not
in combination (Table I). However, leaf area was drasti-
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cally decreased in each of the three treatments. The pres-
ence of F. solani affected the multiplication of the pigeon-
pea cyst nematode and the final population was
considerably reduced compared with the treatment with-
out fungus. A similar effect was found with H. glycines and
Phytophthora megaspora on soybean (Campos and Schmitt,
1981) and H. zeae and F. solani on maize (Lal et al., 1982).
Nigh et al., (1980) reported up to 46% parasitism of eggs
of Heterodera schachtii by F. oxysporum.

NR activity in shoots and roots and GS activity in
shoots was considerably reduced by both the nematode
and the fungus when they were inoculated separately.
However, in the roots there were non significant differ-
ences between GS activity of the control and treated
plants. Knypl and Janas (1976) also observed decreased
NR activity in roots of carrot infested with Meloidogyne
hapla. Further, roots of nematode infested plants produced

less cytokinins (Brueske and Bergeson, 1972) and this fac-
tor may be responsible far decreased NR activity. The in-
creased NR and GS activity in combined inoculations
compared to single inoculations may indicate that fungaI
activity is diverted to nematode parasitism and conse-
quently their individuai effects on the host ~so afe altered.

The mechanism of host growth reduction either in sin-
gle or combined inoculation compared to contrai may be
due to the effect of these pathogens on two key enzymes,
namely NR and GS, consequently affecting assimilation of
ammonia and in turn plant growth.
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Division, I.A.R.I., New Delhi-.12, and theJuilior author to
Dr. Y.P. Abrol, Senior Scientist, Nuclear Research Labo-
ratory, IARI, New Helhi-12 far their encouragement and
providing facilities.

T ABLE I - Ellect 01 single and concomitant inocu/ation 01 Heterodera cajani and Fusarium solani in cowpea.

NR activity "
mal No)-reduced

9-1£ h -1r. wt. r

GS activity 11
mal GHA formed

9-'fr. wt. mino'
Shoot
weight

(g)

Leaf
area

(cm2)

Tota!
nematode
popu!ation

Treatments

Shoot Rool Shoot Rool

374

271

177

266

1.83

0.36

0.90

1.11

0.95

0.34

0.12

0.31

12.6

7.3

6.1

10.8

2.33

1.90

1.69

2.40

0.63

0.62

0.70

0.56

1560

340

Controi

Nematode

Fungus
Nematode + Fungus

SEM

CD5%

1.66

4.07

16

40

0:fJ6

0.14

0.03

0.07

0.03

0.08

~:O'5

0.07
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