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Abstract

The eflects of two insecticides, Lannate (a earbamate) and karate (a pyrethoid) on nitrogen fixation by cowpeas {Mipaa
anguicrlata) were evaluated after establishing the toxic effects of these insecticides on the microsymbiont bradyrihobia in
vitre. 1n this (ia vitro} experiment conducted in modified Leonard jars (LJ), seedlings from pre-germinated, surface
sterilised cowpea sceds were inoculated with 1 ml each of five — fold (5' — 5%) dilute soil suspensions. Aqueous solutions
of lannate or karate, each at a final coneentration of 0.5 pg mi'were incorporated into the N-free solutino in the LJ nutvient
reservoirs. After 28 days, the plants were examined for nodulation on the basis of which, the most prebable Number
technique was used to estimate the cowpea bradyrhizobial count in the original seil from which the inoculant soil
suspensions were prepared. Then, the effects of these insecticides each at 0.5 and L5 ppm were assessed on the cowpea-
Bradyrhizobium symbiotic relationship in potted soil. Cowpeas were grown and harvested after 35 days. Nedule numbers
and dry weight as well as shoot dry weight and nitrogen content were determined. Results of the Leonard jar investigations
revealed that bradyrhizobial counts were reduced by the application of these insecticides, the effect being more pronounced
with {aunate than with Karate. However, nodulation and nitrogen fixation by cowpeas grown in soil, were not significantiy
affected by any of these insecticides at any of the concentrations tested. 1t was concluded from this study that while these
two insecticides appear to have no profound effects on the cowpea-Bradyriizobium symbiotic association in the experimental
soil, the very sevcere depressive effect of fannate on the microsymbiont population in vitre, may warrant further investigations
info the effects of these insecticides on the Bradyrhizobium — cowpea symbiosis in other soils.
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in the marginal areas of East Africa where beans do not
perform well, cowpeas can be regarded as a dependable
source of dietary protein. Unfortunately, cowpeas (and
other grain legumes) are susceptible to numerous pests
and diseases. Such pests can lower the crop yields

Introduction

Biological nitrogen fixation (BNF) is one of the most
important microbiological processes int nature because it
has enabled man to utilize at very fow costs, the (otherwise

unavailable) atmospheric nitrogen (N,) for plant growth.
While there are numerous plant-microbe associations in
which BNF is carried out, the one which involviug legumes
and the nodule-forming bacteria has the greatest
contribution in this regard. Cowpea (Vigna unguicuiatal
is one of the most important grain legumes in the tropics
and has the unique advantage of tolerating many of the
edaphic stresses e.g. drought and acid-soil infertility that
are prevalent in the tropics. Through BNF, cowpea can
derive at least 50% of its nitrogen requirements from
atmospheric N, (Eaglesham er af., 1982, Ofori e al., 1987).
The other advantage is that cowpea nodulates
spontaneously with the native bradyrhizobia that abound
in many tropical soils and hence, this crop does not require
artificial inocudation. To many of the reource-poor farmers

substantiaily e.g, up to 85% in the case of cowpeas (TITA,
1990). Consequently, spraying with insecticides has
become an essential and integral practice for successful
production of cowpeas and even of other crops {(Kaushik
[991; Medvecky and Zalom, 1992), Pesticides, however,
could {and ofien do} have detrimental influences on non-
targel organisms,

Both soil micro- and macro-organisms, and indeed,
numerous studies have been undertaken $o determine the
effects of pesticides on various microbial processrs. Most
of those studies have examined the effect of b :ides or
fungicides on the microbial processes. Where insecticides
were involved in such studies, greater emphasis has been
placed on the chlorinated hydrocarbons and the
organophosphates than on the other classes of
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insecticides. Two types of insecticides, lanmnate (2
carbamate) and karate (a pyrethroid) are widely used in
East Africa and, the effects of these insecticides on soil
microbial processes notably the legume-Bradyrhizobium
symbiosis are not well documented. The present study
was therefore undertaken with the following objectives: (i)
to determine the effects of the lannate and a karate
insecticides on the ability of bradyrhizobia to proliferte/
nodulate with the host {cowpea) in vitro, (ii) to assess the
effects of the insecticides on RNF in the cowpea -
Bradyrhizobium association in soil.

Materials and methods

Soil and its characteristics

The soil used to prepare the dilute suspensions for the
inocuiation of cowpea seedlings (see methodology below),
was a sandy clay loam with the following properties: pH
(H,0), 6.8 (Mclean 1982}. total N, 0.12% (Bremner and
Mulvaney, 1982); organic C 0,14% (Nelson and Sommers,
1982); extractable P (Bray I), 32.0 ppm (Juo, 1978) and
exchangeable bases , 4.34, 1.78, 0.63 and 0.06 (cmol of Ca,
Mg, K and Na respectively kg soil) (Phoades, 1982).

The insecticides

The insecticides, whose effects were investigated in this
study are Jannate ( a carbamate) and karate { a pyrethroid).
Lannate (methomyl) contains 90% 1 (methylthio)
ethylideneamino methyl carbamate. It is a systemic
insecticide and acts on the target organisms by inhibiting
cholinesterase activity. The other insecticide, karate,
(lambda cyhalothrin) contains 17.5% alpha-cyano-3-
phenoxybenzyl-cis-3 (z-2-chloro-3,3, 3-trifluoroprop-1-en-
1-ny}-2,2-dimethyl ¢yclopropane carboxylate. It is a
contract synthetic pyrethoid with improved properties to
withstand photodegardation.

The legume host

Cowpea{Vignaunguiculata), variety SVS-3, widely
adapted to Morogoro conditions was used in this study.
(Price et al., 1982).

The growth vessels

The vessels in which the cowpea plants were raised were
bottle-bottle assemblies. These were modifications of the
Leonard bottle-jar {LJ) assemblies described by Vincent
(1970), In the modified L3, two, 500-mt} beer bottle were
used. One of the bottles had its base chopped-off and the
other had its neck chopped off. The former bottle was
inserted into the latter, to constitute the modified LJ. Quartz
sand was used as the plant supportive medium in the upper
part of the L] while a N-free mineral nutrient solution
(Weaver and Frederick, 1982) was contained in the fower
part of the LJ. The two parts of the L} were connected with
an absorptive cotton wick. All the fully-assembled L)
units were covered with protective jacket (stiff paper and
aluminium foil) and sterilized by autoclaving before use.

Effects of lannate or karate on cowpea bradyrhizobis in
vitro

100 ppm stock solutions each of lannate or karate were
prepared and different amounts of these insecticide
solutions were added into the N-free nutrient solution to
achieve final concemration of 0.5 ppm of lannate or karate.
Cowpea seeds of the variety specified above were surface-
sterilized as described (Weaver and Frederick, 1982). Two
of the surface-sterilized seeds were sown in each LI and
after germination, thinning was done to leave one healthy
seediing per LJ. The seedlings were then inoculated with
I ml each of soil suspensions diluted in a five-fold fashion,
up to 6 dilution steps i.e, 5 - 5¢ {Woomer, 1993), in four
replicate Leonard jars. A set of the L] without the
insecticides was used as the control. The L} were then
transferred to the glass-house where the plants were left
to grow and examined at 28 days for the presence or
absence of nodules afier 28 days. Based on the nodulation
pattern of the test seedlings, the Most Probable Number
(MPN) concept was used to estimate the cowpea
bradyrhizobial population in the original soil, that is, the
soil from which suspensions for inoculating the test
seedlings were prepared. The MPN estimates were
generated from the Most Probable Number Enumeration
System (MPNES — Bennett ef o, 1991 — uncatalogued
manual) and, for each MPN estimate, an associated
confidence interval (CI: P<(0.05) was assigned from existing
MPN tables in MPNES.

Table 1. The Most Probable Number {MPN) count of cowpea Bradyrhizobium in soil, as affected by Jannate

angd karate insecticides in vitro.

Insecticides MPN Confidence % reduction of
Count Interval (CI) MPN count due to
{P<0.05) insecticides
Type Concentration
(ppm)

Control 0.0 24,000 6.937-57,657 ' -

Karate 0.5 10,500 3,035-25,225 562

Lannate 0.5 2,812 958,108 88.3













