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Abstract: Cowpea (Vigna unguiculata) is a leguminous crop that thrives well on the tropical environment.
Microbial activities especially in the rhizosphere have been shown to affect the growth and development
of the crop. A screen house experiment was conducted to determine the individual effect of root-knot
nematode, mycorrhizal fungus, rhizobium and combined effects of the three micro-organisms on the
growth and development of cowpea (C.V giant black eye). The experiment was laid out in a 2x2x2
factorial in completely randomized design [CRD] with three replications. When nematode interacted with
rhizobium in the soil in association with the cowpea roots, root nodulation was significantly increased but
the interaction of mycorrhiza and nematode with rhizobium resulted in a higher increase of root
nodulation. Mycorrhiza association with rhizobium produced higher root nodulation than rhizobium alone.
The association of mycorrhiza and nematode with cowpea roots produced lesser galling of cowpea roots
than nematode alone, but when Nematode was associated with rhizobium highest galling occurred on
cowpea roots. Understanding different ways in which organisms interact in the soil in association with
plant roots can help reduce the pathogencity of some organism. It is recommended that farmers should
encourage activities which will enhance the establishment of these beneficial organisms especially in
nematode infested soil.
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INTRODUCTION

Cowpea (Vigna unguiculata L. walp) is an annual
legume grown in the tropics. It belongs to the family
Fabiaceae and genus Vigna. Cowpea tolerates heat and
dry condition and grows best in a soil PH of 5.5 to 6.5
[1] Williams and Robert[2] reported that plant parasitic
nematodes attack cowpea and cause millions of dollars
in crop losses annually.

Nematodes have the greatest impacts on crops
when they attack the root of seedling immediately after
seed germination. Their feeding creates wounds that
provide entry for a wide range of pathogenic
organisms. Some nematodes also carry along with
them, pathogens and their spores while entering the
plant root. These microbial infections have a synergistic
effect resulting to disease complex[3]

Nematode reduces yield of plants through many
ways; it increases the rate of photorespiration, thereby
reducing conserved energy. Melakeberhan et al[4]

reported an increased physiological inefficiency and
increase in amount of energy unaccounted for in
Meliodogyne incoginta infected grapevines. Also,
nematode decreases the rate of photosynthesis and this
is observed as decrease in the rate of carbon dioxide
assimilation. Melakeberhan et al[5] reported a decrease

in photosynthetic rate of Meloidogyne infected beans as
early as 3 days after inoculation, but when and how
nematode affect shoot photosynthesis and whether the
effect was direct or indirect was not specified. He
further reported a rapid photosynthate translocation to
the nematode feeding site thereby referring
Meloidogyne incognita as a metabolic sink.  Moen et
al[6] reported a decrease in water relation in
Meloidogyne-infected tomatoes which results in wilting
of the plant. Nematode energy demand is high
especially on a susceptible host.

Stimulation of nodule formation by nematode
infection of legume root has been recognized.
Meloidogyne incognita, M. hapla, Practylenchus
penetans and Belonolaimus longicuadatus stimulated
nodulation by Rhizobium japonicum on soya bean[7]

.Ogbuji and Inyang[8] reported that Meloidogyne
incognita had an inhibitory effect on nodule formation
on Psophocarpus tetrogonolobus and Pachyrhizus
erosus. Their study showed low nodulation on the plant
when inoculated with Meloidogyne incognita and
rhizobium compared to those inoculated with only
rhizobium. Some reports showed no apparent effect of
nematode infection on root nodulation by rhizobia.
Infection of Meloidogyne Javanica on cowpea[9] and M.
hapla on peanut[10] did not affect root nodulation. Races

Corresponding Author: Ugwuoke, K.I., Department of Crop Science, University of Nigeria, Nsukka.

937



Res. J. Agric. & Biol. Sci., 6(6): 937-941, 2010

of Meloidogyne differ in their influence on root
nodulation; the influence of the nematode is also
determined by the cowpea cultivar. Ogbuji[11] reported
that three day old seedlings of cowpea inoculated with
rhizobium first and root knot nematodes 24 hours later,
grew well and had high counts of galls and nodules on
their roots.

Mycorrhizae fungi have been shown to be of
immense help in nutrient solubilization, conversion and
transmission to the rhizosphere where they can easily
be absorbed by the plant[12]. Plant parasitic nematodes
may enhance or depress colonization of roots and
sporulation of mycorrhizae fungi. Mycorrhizae may
also decrease or increase nematode penetration,
development and reproduction. Mycorrhiza fungi are
also capable of directly interacting with sedentary plant
parasitic nematodes. Some nematode species are
capable of feeding on mycorrhizae fungi. The reaction
of plant growth to this interaction may be positive,
negative or neutral[13,14,15]. Interaction of the
microorganisms could be very useful in the biological
control of disease organisms that attack crop plants.
There is need to investigate the effects of mycorrhiza
and rhizobium association with cowpea grown on
nematode infested soil. Consequently, the objective of
this research was to determine the individual effect of
Root-Knot nematode, mycorrhiza fungus, rhizobium and
combined effect of the three micro-organisms on the
growth and development of cowpea (cv. Giant black
eye).

MATERIALS AND METHODS 

The experiments were conducted in the screen
house at the University of Nigeria Nsukka located at
latitude 06” 52’N and longitude 07”24’E, on the
altitude of 447.4m above sea level. Two experiments
were done and each was a 2x2x2 factorial in
completely randomized design (CRD) with 3
replications. The micro-organisms used were
Meloidogyne incognita, (Nematode) IRJ 21774
(rhizobium) and Glomus geosporum (Mycorrhiza). The
variety of cowpea used was giant black eye and was
obtained from the seed unit of Department of crop
science University of Nigeria. Germination test was
conducted and the viability was 96%. Two seeds were
sown per pot and they germinated within four days.
They were thinned down to one seed per pot after
germination. 

Soil Preparation: Top soil was collected from the
experimental farm of the Department of Crop Science
University of Nigeria and was autoclaved to kill all the
soil microbes. The soil was autoclaved for 30 minutes
at 301bs and allowed  to  cool. A black polyethylene 

bag of 9cm x 9cm x16cm was used as the
experimental pot each containing about 2 kg of the
sterilized soil.

Preparation of Nematode: The source was the
Meloidogyne incognta population which had been built
up and maintained on Begonia plant (Begonia
rexculterum). Galled roots of begonia plants were
gently freed from the soil. These roots were washed
under tap water, chopped into small pieces and blended
with a warring blender. A little quantity of distilled
water was added to the roots in the blender and was
blended for about 30 seconds at a time for 3 times and
then poured into a plastic bucket. Ordinary root tissues
were separated from the suspended nematode juveniles.
The volume of the slurry was made up to thousand
milliliters (1liter) and stirred vigorously. Thirty
milliliters (30ml) of the slurry was drawn and the
number of juveniles counted under binocular
microscope. The mean number of juveniles
approximated to 5000 and this constituted the inoculum
density. The inoculum was applied by opening the soil
in a ring form around the plant root and pouring the
inoculum within the rhizosphere close to the plant root.
Inoculation was done 14 days after sowing of the
cowpea. 

Rhizobium: The rhizobium (IRJ 21774) used was
obtained from International Institute of Tropical
Agriculture (11TA) Ibadan and a culture of it was
made using agar culture. The culture was prepared
using K2HPO4 0.2g MgSO4. 7H2O 0.02g, NaCl 0.04g,
Mannitol 2g, yeast extract 0.2g, agar 3g and distilled
water 200ml. All were mixed and sterilized in an
autoclave for about 20 minutes at 151bs. This was
transferred into sterilized glass Petri dish and allowed
to cool. The rhizobium was transferred from the source
into the culture medium in the plant pathology
laboratory and quickly transferred to the incubator. It
was incubated at 30-32 “C for 7 days and then
transferred into a broth and was shaken for 7 days in
a shaker. This constituted the rhizobium inoculums
used for the experiment. Five (5) ml of the broth was
used to inoculate each plant. The soil was slightly
opened in a ring form around the plant root and the
rhizobium inoculum was applied. The inoculation was
done 21 days after seed sowing.  

Mycorrhiza: The mycorrhiza fungus (Glomus
geosporum) used was obtained from 11TA, Ibadan. 
Five grammes of the soil containing Mycorrhiza fungus
spores were applied in a ring form close to the root of
the germinated seedling. Mycorrhiza was inoculated 7
days after planting. The pots were watered at 2 days
interval until the destructive sampling technique was
subjected to collect data. 
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Data Collection: Destructive sampling (at six weeks
after planting.) technique was used to collect data on
the number of galls, number of nodules and fresh root
weight. The plants were uprooted from the pots,
washed with water and the number of galls and
nodules were counted. The fresh root weight was also
taken at the same time.

Data Analysis: All data collected were subjected to
analysis of variance (ANOVA) using statistical analysis
system (SAS) package (SAS version 9).

Results: The presence of Nematode in the soil/ cowpea
root produced highly significant (p<0.05) number of
cowpea root galls (Table 1). The introduction of
rhizobuim to the nematode infected cowpea root
significantly (p< 0.05) increased the number of cowpea
root galls. The interaction of mycorrhiza with
rhizobium and Nematode significantly (p<0.05) reduced
the number of cowpea root galls.

The presence of rhizobium in the soil/root
produced highly significant (p<0.05) number of cowpea
root nodules. (Table 1). Cowpea root nodulation was
influenced by the presence and absence of nematode
and/or mycorrhiza. The interaction of rhizobium with
mycorrhiza significantly increased the number of
cowpea root nodules but the nematode interaction with
rhizobium recorded the highest number of cowpea root
nodules. The interaction of nematode with rhizobium
and mycorrhiza significantly (p<0.05) influenced the
cowpea root weight. Highest root weight was recorded
when the three organisms were interacting, while the
lowest cowpea root weight was recorded in the absence
of the three organisms.

Nematode and rhizobium individually increased the
cowpea root weight. The interaction of mycorrihiza and
nematode significantly (p<0.05) reduced the number of
cowpea root galls. (Table 2). The interaction of
nematode with mycorrhiza increased cowpea root
weight more than there individual effect (Table 2), but
the interaction of nematode with rhizobium increased
the cowpea root weight more than that of nematode
and mycorrhiza. The combination of nematode with
rhizobium and mycorrhiza had the highest cowpea root
weight.

The results of experiment 2 were consistently
similar to results of experiment 1 except that the values
were lower than those in the experiment 1.

Discussion: Nematode stimulated nodule formation on
cowpea roots, this may have increased the cowpea root
weight. Huang[7] observed that Meloidogyne incognita
increased root nodulation on pea and black bean. 
Ogbuji[11] reported that cowpea inoculated with
rhizobium and later Meloidogne incognita grew well
and had high counts of nodule and galls more than
those inoculated with only either nematode or
rhizobium. Taha and kasab[9] also reported that
formation of giant cells inside the vascular bundles of
cowpea was observed in cowpea when inoculated with
rihizobium and meloidogyne spp and that the nodule
tissue was not disturbed by the nematode. It can also
be deduced from the results of this study that
rhizobium increased plant growth (root weight). This
could be attributed to increases in nodulation which
ultimately increased the rate of nitrogen fixation. This
is in agreement with Broughton[16] who reported that
different strains of rhizobium have different effects on
different plant.  He further stated that rhizobium differ
in their ability to metabolize, various compounds
present in the rhizosphere. It was shown here that the
mycorrhiza increased plant growth. Khan[17] reported
that mycorrhiza effect on plant inoculated with
nematode can increases or decrease plant growth. He
further stated that some nematode feed on mycorrhiza
while others do not interact with mycorrhizae. He also
stated that in association where the nematode feed on
the mycorrhiza, the plant growth is reduced. Hussey
and Rocandori[13] observed that literature showed
conflicting results in mycorrhiza interaction with
nemalode. Nematode alone evidently produced galls
while nematode interaction with rhizobium increased
galling in this experiment. This is in agreement with
Ogbuji[11] where he reported that cowpea inoculated
with rhizobium and nematode had high counts of galls
and nodules. Mycorrhiza reduced galling. This could be
as a result of antagonistic interaction between the
nematode and mycorrhiza this is in agreement with
Jain et al[18] where he observed that G. fasciculatum
decreased cyst production on cowpea. Also Smith[19],

Table 1: The effect of Meloidogyne incognita, mycorrhiza (Glomus geosporum) and rhizobium (IRJ 21774) interaction on cowpea root galling,
nodulation and root weight, 

Experiment 1. Experiment 2.
----------------------------------------------------------------- -----------------------------------------------------------------------

Nematode, mycorrhiza, Root galling Root Nodulation Root weight Root galling Root Nodulation Root weight 
Rhizobium Interaction.
N-G-R 0.71 0.71 6.07 0.71 0.71 6.84
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N-G-R+ 0.71 3.33 8.47 0.71 1.56 8.51
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N-G+R- 0.71 0.71 6.96 0.71 0.71 7.30
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Table 1; Continue
N-G+R+ 0.71 4.67 9.86 0.71 1.90 10.26
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N+G-R- 14.33 0.71 7.56 3.34 0.71 8.13
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N+G+R- 20.67 8.67 11.99 4.37 2.91 10.42
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N+G+R- 8.00 0.71 7.99 3.02 0.71 8.39
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N+G+R+ 13.67 10.33 14.89 3.11 3.55 12.12
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD 5.50 1.56 2.41 0.71 0.32 1.64
N+=Nematode present,  N- = Nematode absent, G+ = mycorrhiza present, G- = mycorrhiza absent, R+= Rhizobium present, R- = Rhizobium
absent.

Table 2: The effect of Meloidogyne incognita interaction with mycorrhiza (Glomus geosporium) or rhizobium (IRJ 21774) on cowpea root
galling, nodulation and root weight.

Experiment 1. Experiment 2.
---------------------------------------------------------------- -----------------------------------------------------------------------

Nematode, mycorrhiza, Root galling Root nodulation Root weight Root galling Root nodulation Root weight 
Rhizobium Interaction.
N-G- 0.71 2.02 7.77 0.71 1.14 7.68
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N-G+ 0.71 2.69 8.41 0.71 1.31 8.78
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N-R- 0.71 0.71 6.52 0.71 0.71 7.07
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N-R+ 0.71 4.00 9.67 0.71 1.73 9.39
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N+G- 17.50 4.69 9.73 3.86 1.81 9.28
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N+G+ 10.84 5.52 11.44 3.07 2.13 10.26
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N+R- 11.17 0.71 7.78 3.18 0.71 8.26
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
N+R+ 17.17 9.5 13.40 3.74 3.23 11.27
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
LSD. 3.99 1.18 1.94 0.43 0.31 0.98
N+=Nematode present,  N- = Nematode absent, G+ = mycorrhiza present, G- = mycorrhiza absent, R+= Rhizobium present, R- = Rhizobium
absent.

Jain et al[18] and Carling et al[20] reported that glomus
suppressed Meioidegyne incognita. It can be observed
that the interaction of Nematode with rhizobium and
mycorrhiza increased nodulation decreased galling and
increased plant growth. The over all interaction shows
a better management strategy. Combined effect of
rhizobium and mycorrhiza made cowpea to tolerate
nematode infection. Therefore farmers should be
encouraged to practice activities which will enhance the
establishment of mycorrhiza and rhizobium organisms
especially in nematode infested soils as this will
suppress the harmful effect of nematode pathogenic
organisms 
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