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Abstract

In order to study the effects of organochlorine pesticides on non-target organisms under tropical
conditions, a three-year study was conducted in Ghana applying lindane at I kg AI. ha ' and endosulfan at 0.75 kg
AI. ha ' to maize and cowpeas respectively. The endosulfan treatment was preceded by two consecutive treatments
with cypermethrin at SO g AI ha"1. Lindane significantly reduced the numbers of ants, spiders and spnngtails
trapped though the numbers of ants and spiders generally recovered within the cropping period. Lindane
significantly increased the numbers of leafhoppers caught from maize plots probably due to the elimination of a
natural enemy. Ant, spider and springtail numbers were also significantly reduced by the endosulfan treatment in
cowpea plots 5). Lindane did not significantly increase maize yields in two of the three years. Endosulfan
contributed to significant yield increases and reduced seed damage in cowpeas Neither lindane nor endosulfan
seemed to have any significant adverse effects on the activities of soil microfauna and microflora based on the rates
of decomposition of leaf discs buried in the experimental plots.

1. INTRODUCTION

The development and use of insecticides during and after the Second World War
resulted in increased crop yields and effective control of insect vectors of human and veterinary
diseases [1]. Nevertheless, the continued use and misuse of pesticides have caught attention
currently as a result of their potential negative ecological effects. These include the disruption of
the agro-ecosystem through the elimination of natural enemies and other non-target organisms,
the development of resistance in some insect pests leading to pest resurgence, promotion of
minor pests to major pest status and the health hazards posed to agricultural workers and
consumer.

Organochlorine insecticides have proved effective in controlling various insect pests.
They possess broad spectrum activity and are relatively cheap. This group, which inludes BHC
or lindane, contains pesticides which have been banned or severely restricted in the USA,
Canada and western Europe. They have been described as being oncogenic, mutagenic and
teratogenic [2] in addition to being highly persistent in the environment [1], with the associated
negative effects on non-target organisms. Despite these claims, there is little documented
evidence about these effects under tropical conditions, especially in most third world countries
where they find ready use.

In Ghana, lindane (Gammalin 20), is the most widely used insecticide recommended for
controlling capsids in cocoa, the major export crop for Ghana. Even though its sale and use is
restricted, it is still used on other crops such as cowpea (Vigna unguiculata L.) and vegetables. It
is also marketed as Gammatox for controlling veterinary ectoparasites such as ticks, mites and
fleas on livestock and domestic animals.
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It had been used in the past together with DDT, another organochlorine pesticide, for
controlling cut worms, wire worms and stem borers in maize (Zea mays) [3,4,5], as well as for
maize and cowpea storage [4,5].

Cowpea, which provides proteins in the diets of poorer sections of the society is also
plagued by very serious insect pest problems. Endosulfan, an organochlorine, marketed as
Thiodan 35 E.C. has been recommended for controlling insect pests of this crop [6]. It is also
recommended for controlling insect pests in coffee plantations.

Reports from Kenya, India and Ecuador on the persistence of organochlorine pesticides
under tropical conditions have shown that these chemicals are not as persistent as had been
previously described [7,8,9].

As the organochlorines continue to be used in the tropics, there is an urgent need for a
thorough investigation into their adverse effects on other components of the agro-ecosystems in
these regions since results of work done mostly under temperate conditions should not be
extrapolated to the tropical environment.

In order to investigate the effects of organochlorine pesticides in a tropical environment,
a three-year study was undertaken to find out the impact of two organochlorine insecticides on
non-target organisms in maize and cowpea agro-ecosystems in Ghana.

2. MATERIALS AND METHODS

2.1. Experimental site and land preparation

The study was conducted at the Ghana Atomic Energy Commission Research Farm,
about 21 km north-west of Accra, Ghana. The chosen site, on a middle slope had not been
cultivated for over 6 years. About 3.6 ha was initially bulldozed, stumped and harrowed.

2.2. Experimental design

In the first year, 1992, two large blocks each measuring 102 m x 102 m were
demarcated. Each block was redivided into 4 plots of 50 m x 50 m, separated by 2m gaps. Two
diagonally opposite plots in each block were assigned to maize while the others were allocated
to cowpeas. Four subplots each of 5 m x 5 m were marked out in the centre of each plot for
sampling purposes. Only one block was used in the second year for the same treatments in the
second year.

In the third year (1994), the maize fields were made up of 4 blocks composed of two
plots each. Each plot measured 25 m x 25 m, and was separated by a distance of 2 m. An inner
sampling subplot, 10 m x 10 m was marked out in each plot. The maize crop had two
treatments, control and lindane treatment.

The cowpea crop had three treatments; control, cypermethrin and cypermethrin +
endosulfan. The plots were the same sizes as for the maize.

For both crops, the completely randomised block design of 4 replicates was adopted.
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2.3. Soil analysis

Physical analysis of soil samples randomly taken from the site was done at the Soil
Science Department of The University of Ghana.

2.4. Soil microbiology

To assess the possible effects of the organochlorine insecticides on soil microflora and
microfauna, 50 leaf discs about 2.5 cm in diameter were cut out with a cork borer from the
leaves of Griffonia simplicifolia. These tough leaves were weighed fresh and stapled into nylon
mesh minibags each 12 cm x 12 cm. An initial dry weight was determined by oven-drying some
of the leaves at 60°C for 24 hr. Four each of the weighed fresh leaves were randomly buried to a
depth of about 5 cm in the sampling subplots. They were retrieved after periods varying from 84
to 259 days. After retrieval, final dry weights were determined as described above and the %
loss in dry weight was calculated as follows:

(Initial dry weight - Final dry weight) x 100
(Initial dry weight)

2.5. Experimental crops and agronomy

2.5.1. Maize

'Abelehi', a short duration, drought resistant cultivar was sown at 80 cm x 40 cm at 2
seeds hill1. Weeding was done manually, usually about 3 weeks after planting. A compound
fertilizer, 20:20:0, NPK, was applied at 200 kg ha"1 soon after weeding. A side dressing was
made with urea at 50 kg ha"1 about 6 weeks after planting. Harvest was about 12 weeks after
sowing.

2.5.2. Cowpea

An early maturing cultivar, 'Asontem', was manually sown, usually from mid to late
June at 60 cm x 20 cm at 2 seeds hill"1. Cowpeas were normally harvested at about 8 weeks after
planting.

2.6. Neighbouring crops

Guard rows of maize and cowpeas were planted about 3 m away from the experimental
crops. The areas beyond were mostly occupied by shrubs such as neem (Azadiractha indica),
'Kagya' (G. simplicifolia) and a number of other plants including guinea grass (Panicum
maximum).

2.7. Maize stemborer infestation assessment

Two weeks after the first lindane treatment, 50 maize plants were randomly selected
outside the sampling subplots and dissected for stemborer infestation assessment. At harvesting
time, all maize stalks were also similarly treated.
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2.8. Yield estimation

Yields of both maize and cowpea crops were estimated by harvesting from small plots
of 2 m x 2 m, close to the sampling subplots. The moisture contents of the crops were
determined by the oven method.

2.9. Insect sampling methods

In the 1992/1993 studies, two sampling methods were used., pitfall traps and sweep
nets. In 1994, a D-VAC machine was used instead of the sweep net in addition to the pitfall
traps. This became the standard method recommended for sampling arthropods from plants and
ground.

2.9.1. Pitfall traps

In the 1992 studies, four small plastic pots of colours ranging from blue to greyish green,
13.5 cm wide and 11 cm deep, with covers were randomly buried to the brim in each subplot. A
small quantity of water with a few drops of liquid soap was put into each pot and left open for
24 hours before the insecticidal treatment. Arthropods trapped were removed into vials
containing 70% alcohol for storage, classification and counting. Further samplings were done at
2 weekly intervals for up to 8 weeks.

In 1993 and 1994, the pitfall traps consisted of two small, creamish-white plastic pots.
One of these (11.3 cm x 8.3 cm) with a small hole at the bottom for drainage was buried
randomly up to the brim in the sampling subplots. A similar plastic pot but with about 2 cm
length around the rim cut off and provided with a semi-stiff wire handle was placed inside the
one buried in the soil. Water with liquid soap was exposed as described above but the exposure
period was extendend to 48 hr in 1993. In 1994, the traps were exposed for 7 days with 7 day
intervals in between. This was done with the aim of catching more insects. A few drops of
formalin were put into the pots to prevent insects from decaying and the pots were emptied as
and when necessary.

2.9.2. Sweep net sampling

A day before the spray application and thereafter, fortnightly after the spraying up to 8
weeks, a sweep net was used to sample for insects in the subplots. Five sweepings were done by
taking 5 steps diagonally along the subplot. The contents from the sweep net were emptied into
Kilner jars with small balls of cotton wool partly soaked with chloroform. The jars were then
closed with their discs and rings. In the laboratory, the catches were kept in vials with alcohol
as for the pitfall trap collections.

2.9.3. D-VAC sampling machine 1994

The machine was used to sample 5 randomly chosen plants (subsamples) around each
pitfall trap, each sampling lasting for about 5 seconds. Five subsamples constituted a sample.
The soil around the same place was also similarly sampled. The collection at each sampling was
emptied into a labelled polyethylene bag, tied up and kept in a freezer. The arthropods were later
picked with a camel hair brush and kept in 70% alcohol in vials.
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2.10. Pesticide application

2.10.1. Lindane

The formulation in Ghana, known as Gammalin 20 E.C or Kumakate; marketed by
Chemico (Ghana) Ltd was applied to the maize crop. During the 1992 trials, lindane was
applied at 1 kg AI ha"1, 17 days after planting (DAP). In 1993 and 1994, the application was
split into two 0.5 kg doses and the second was applied 2 weeks after the first.

2.10.2. Cypermethrin

This is a synthetic pyrethroid manufactured by Shell Chemicals, Cote d'lvoire under the
trade name - Ripcord 10 E.C. It was applied to the cowpea crop normally 30 and 40 DAP at a
doseof50gAIha"' .

2.10.3. Endosulfan

This is an organochlorine insecticide manufactured by Hoechst Aktiengesllschaft,
Frankfurt, Germany under the trade name Thiodan 35 E.C. This is normally applied about 50
DAP preceded by two consecutive applications of Cypermethrin. It was applied at 750 g AI ha"1.

All the insecticides were applied with a CP 15 Knapsack spraying machine using
between 160 to 288 L of water ha"1.

2.11. Statistical analysis

For statistical analysis of the 1992 and 1993 data, the subplots were regarded as real
plots. Insect counts were first transformed by adding one to the figures and finding the log
before analysing with the General Linear Model Computer Package on Minitab Release 10
programme.

3. RESULTS AND DISCUSSION

3.1. Soil analysis and meteorological data

The soil in the study area was predominantly sandy-clay loam, details are given in
Table I.

Table I. SOIL CHARACTERISTICS OF MAIZE AND COWPEA PLOTS

Characteristic
PH
% Carbon
% Sand
%Sik
%Clay

Control
6.21 + 17
1.40 ±0.46

64.2 ±5.4
13.4 ±2.8
24.5 ±4.7

Maize plots
Treated
6.30 ± 1 5
i.l2±0.47

63.9 ±7.3
11.1 ±3.9
25.0 ±3.8

Control
6.36 ±0.29'
1.81 ±0.65

57.0 ±7.6
12.2 ±2.37
29.0 ± 5.0

Cowpea plots
Treated
6.33 ±0.21
1.26 ±0.15

63.0 ±3.2
11.0± 1.6
26.2 ±4.0
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3.2. Effects of lindane and endosulfan on soil microbial activity

There were no statistically significant differences (P > 0.05) in mean dry weights of leaf
discs retrieved from the control and lindane-treated maize plots after 84 days in 1992 (Table II
A), or after 84 and 154 days respectively in 1993 and 1994. Even though slightly higher percent
dry weight losses were recorded in leaf discs retrieved from control cowpea plots after 259 days
in 1993 and 245 days in 1994, these also did not differ significantly from those from the
endosulfan-treated plots (P > 0.05) (Table II B). These results indicate that neither lindane nor
endosulfan had had any significant adverse effects on soil microfauna and microflora which
contribute to the breakdown of soil organic matter under the experimental conditions in Ghana.

3.3. Effects of spraying on maize plants, 1992

In 1992, maize plants showed signs of spray injury a day after the lindane application.
The plants, however, recovered later. The split application for the subsequent years resulted in
negligible levels of phytotoxicity.

3.4. Maize stemborer infestation levels

Maize stemborer assessment results are set out in Table ID. At the harvesting time in
1992, a higher proportion of stemborer damage was recorded from the treated plots but there
were no statistical differences between the treatments (P > 0.05). For the two subsequent years,
there was no statistical differences between the treatments for the infestation levels 14 days after
the initial treatment but in 1993, statistically higher levels of stemborer infestation were
recorded from the control plots at harvesting time. Generally, stemborer damage is not very
serious in maize grown during the major season in the coastal savanna area where the trials were
conducted [3]. Undecomposed left-over maize stalks from the major season crop provide a
reservoir of stemborers ready to attack the minor season crop which is sown about 4 weeks after
the major season is crop is harvested.

3.5. Maize crop yields, 1992 -1994

In 1992, maize yields were significantly higher in the control plots which recorded an
equivalent of 4450 ± kg ha ' compared to 3775 kg ± ha'1 from the treated plots (Table ID). By

Table H. MEAN % DRY WEIGHT (± SE) OF LEAF DISCS RETRIEVED FROM PLOTS

MAIZE PLOTS
Year Control Treated (lindane) Time in soil (d)
1992* 0.89 ±0.05 0.87 ±0.02 84
1993 50.3 ±1.9 48.7 ±0.8 84
1994 49.9 ±1.1 51.3 ±1.3 154
COVVPEA PLOTS
Year Control Cypermethrin Cypermethrin + Time in soil (d)

endosulfan
1993 67.8 ±6.0 - 65.4 ±3.2 259
1994 56.6 ±1.2 54.4 ±3.2 55.2 ±2.5 245

* Dry weight of retrieved discs (g)

72



Table III. MEAN MAIZE YIELDS (KG.HA') AND % MOISTURE CONTENT

Year
1992
1993

1994

% Stemborer control
Control

[35.8 ±2.4}
(26.0 ±1.6)
[52.7±4.0]a

(1.0 ±1.0)
[51.1 ±3.4]

Treated
[43.8 ±3.5]
(18.0 ±1.4
[31.1±3.7]b

(1.0 ±0.6
[45.6 ±5.2]

Control yield
4450 ±0.06"
3125±0.09a

5500 ±0.12

Maize Yields
Moisture
16.9 ±0.24
22.4 ±0.23

15.6 ±4.4

Treated yield
3500±0.06b

3285±0.09b

5000 ±0.18

Moisture
17.4 ±0.47
21.2 ±0,64

16.5 ±0.83

* - Means within rows for the same parameter followed by different letters are significantly different (p<0.05)

() Infestation levels 14 d after initial treatment
Q infestation levels at harvesting time

OJ



contrast in 1993, a significantly higher mean yield equivalent of 3825 ± 0.09 kg ha"1 was
recorded from the treated plots as against 3125 ± 0.09 kg ha"1 for the control plots (P < 0.05).
This is probably because in 1992 the treated plots showed some degree of phytotoxicity and also
had rather slightly higher levels of stemborer damage.

In 1994, there were no significant differences between the treatments but yields from the
sprayed plots of 5450 ± 0.12 kg ha"1 were slightly higher than those from the control plots, 5000
kg ± 0.18 (P > 0.05). The comparatively higher yields in 1994 might be attributed to the higher
amount of rainfall recorded that year (Table IV).

Table IV. AVERAGE MONTHLY RAINFALL (mm) AND TEMPERATURES (°C) DURING THE
GROWING SEASON

May June July August
Year Rainfall Temp Rainfall Temp Rainfall Temp Rainfall Temp
1992 174.0 27.7 75.0 26.3 29.5 25.0 4.7 25.0
1993 66.8 28.8 91.6 26.7 9.0 25.6 18.6 25.6
1994 110.4 28.1 313.1 26.4 9.4 25.3 28.9 25.5

Data for Mpehuasen village, 8 km from the Research Farm
Source; Ghana Meteorological Services Department

3.6. Arthropods caught from maize, 1992 -1994

Formicidae (ants), Araneidae (spiders) and Collembola (springtails) were the arthropods
most frequently caught in appreciable numbers. Coccinellids were not so frequent while
Carabids were extremely few as to yield any reliable information. Leafhoppers were added to
the list later when it was observed that numbers were higher in treated plots than in the control
plots.

3.6.1. Arthropods caught with pitfall traps from maize plots, 1992

Ant catches were reduced, though not significantly, by the lindane treatments. They
appeared to have recovered by 56 days after the initial treatment (DAIT) (P > 0.05) (Fig. 1).
Lindane significantly reduced spiders 14 DAIT but recovery occurred within 29 DAIT (P <
0.05). The pre-treatment catches of Collembola which were significantly lower in the treated
plots remained significantly less almost throughout the sampling period except that of 42 DAIT

3.6.2. Arthropods caught with sweep net from maize, 1992

There were no significant differences between the numbers of arthropods caught from
control and treated plots. Ant catches were, however, relatively far higher in the treated plots
even before the lindane treatment was applied (Fig. 2). Spiders appear to have been slightly
depressed but recovered by 42 DAIT but Coccinellids were unaffected with the treated plots
recording rather higher numbers.
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Days after initial treatment
14 29 42

Days after initial treatment
56

Days after initial treatment

•Control - - • • - -Treated Lindane treatment

FIG. 1. Mean numbers of arthropods caught with pitfall traps
from maize plots (1992)

3.6.3. Arthropods caught with pitfall traps from maize, 1993

Ants were adversely affected by lindane a day after the initial treatment (P < 0.05 but
numbers had recovered by 56 DAFT (Fig. 3). Both lindane treatments caused slight but non-
significant reduction in spiders (P > 0.05) but there was an upsurge 42 DAFT. The observation
was similar to spiders caught with sweep net in 1992 (Fig. 2). Collembola were, however,
significantly affected by lindane in almost all subsequent samplings except the 42 DAIT
(P<0.05).

3.6.4. Arthropods caught with sweep net from maize, 1993

These included, ants, spiders and Coccinellids. While the effect of lindane on ants is not
clear owing to the rather low numbers collected (Fig. 4), there was a non-significant reduction in
spiders and Coccinellids caught (P > 0.05).
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Days after initial treatment Days after initial treatment

Days after initial treatment

•Control - - Treated Lindane treatment

FIG. 2. Mean numbers of arthropods caught with sweep net
from maize plots (1992)

3.6.5. Arthropods caught with pitfall traps from maize plots, 1994

Apart from ants, which were caught in fairly considerable numbers, other arthropods
including spiders, Coccinellids and leafhoppers occurred in relatively fewer numbers. Ants
were significantly higher (P < 0.05) in the treated plots during the pre-treatment sampling but
were significantly reduced (P < 0.05) a day after the second treatment or 15 DAU (Fig. 5)but
recovery had occurred by 57 DAFT. A similar trend was observed in spiders where lindane
seemed to have caused a statistically significant reduction 29 DAFT (P < 0.05). In contrast,
lindane appears to have rather significantly enhanced the numbers of leafhopper caught from
maize plots (P < 0.05).

3.6.6. Arthropods caught with D-VAC machine from maize plants, 1994

Ants, spiders and leafhoppers were caught in varying numbers with D-VAC from maize
plants. The initial lindane treatment had a slight but non-significant effect on both ants and
spiders (P > 0.05) and rather larger numbers of both were later caught from the treated plots 57
DAIT (Fig. 6). Just as in the pitfall trap catches, lindane seemed to have enhanced the numbers
of leafhopper despite a slightly higher but non-significant initial catch from the control plots.
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FIG. 3. Mean numbers of arthropods caught with pitfall traps
from maize plots (1993)
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FIG. 4. Mean numbers of arthropods caught with sweep net
from maize plots (1993)

3.6.7. Arthropods caught with D-VAC. machine from the ground in maize plots, 1994

Lindane did not appear to have exerted any adverse effect on ants and leafhoppers
caught with D-VAC from the ground. Ants caught were rather significantly higher in the treated
maize plots (Fig. 7). Spiders, on the other hand, became significantly depressed a day after the
initial lindane treatment but recovered between 43 and 57 DAFT. The effect of lindane on
leafhoppers was similar to that on ants and confirms the observations in the pitfall trap and D-
VAC catches from maize plants (Figs 5 and 6).

3.7. Insect-damaged cowpea seeds 1992 -1994

In 1992, 5.77% ± 0.58 of cowpea seeds harvested from control plots had been damaged
by insects compared to 1.56% ± 0.28 damaged in the endosulfan-treated plots at harvest time (P
< 0.05) Table V [A]. While in 1993, 30.33% ± 9.60 of seeds from control plots were damaged
by insect as against 3.3% ±1.14 from the plot which had had two successive cypermethrin
treatments followed by endosulfan spray (P < 0.05). In 1994, the plots sprayed with
cypermethrin and endosulfan had 0.3% ± 0.13 insect-damaged seeds compared to 0.71 % ± 0.25
and 7.41% ± 1.74 respectively from plots treated with cypermethrin only and the control plots.
There were no significant differences between the sprayed plots (P > 0.05) but both plots
differed significantly from the control plots (P < 0.05).
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FIG. 5. Mean numbers of arthropods caught with pitfall
traps from maize plots (1994)

Seed pests observed on the cowpea crop included cowpea pod borers such as Maruca
testulalis (Geyer) (Lepidoptera:Pyralidae), Cydia (Laspeyresia) ptychora (Meyrick)
(Lepidoptera:Tortricidae), pod bugs such as Riptortus spp. (Hemiptera:Alydidae) and the seed
weevil, Callosobruchus maculatus (Fab). Thus the three endosulfan treatments in the first
experiment and both the cypermethrin and cypermethrin followed by endosulfan appear to have
provided significant protection to the cowpea seeds against these pests. It follows that
endosulfan could also provide some degree of post-harvest protection in cowpea seeds since
Maruca and Cydia spp, complete their life cycle during storage and Callosobruchus attack
builds up after harvesting.

3.8. Cowpea yields 1992-1994

In 1992, the yield equivalent of 1250 ± 0.04 kg ha"1 recorded from the treated plots as
against 1125 ± 0.02 kg ha"1 for the control plots, was not significantly different (P > 0.05)
(Table V [B]. Reduced cowpea seed damage resulted in increased cowpea yields. It must,
however, be stated that in the recommended spraying scheme for cowpeas, endosulfan is
applied only once, after 2 consecutive sprays with a synthetic pyrethroid [6].
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FIG. 7. Mean numbers of arthropods caught with D-VAC machine
from the ground in maize plots (1994)
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TABLE V. INSECT DAMAGE, YIELDS AND MOISTURE CONTENT OF COWPEA SEEDS

A. Percent insect damaged ± SE
Year
1992

1993
1994

Control
5.8 ±0.6

30.3 ±9.6'
7.4 ±1.7*

Endosulfan
1.6±0.3b

Cypermethrin

0.7±0.25b

Cyper. + endosulfan
3 .3±l . l b

0.3±0.1b

B. Yields (kg ha1) and moisture content ± SE
Year Control Endosulfan

Yield Moisture Yield Moisture
1992 1125 ±0.02 16.6±0.5 1250 ±0.04 15.2 ±0.6

Cypermethrin Cyp.+Endos
Yield Moisture

1993 500±0.0a 15.9±0.1 _ _ 1450±0.05b 16.1 ±0.3
1994 850±0.04b 17.3 ±0.3 1550±0.06b 16.7 ±0.6 1400±0.04b 17.0 ±0.15

Means wtihin rows followed by different letters are statistically different (p<0.05)

In 1993, the mean yield equivalent of 1450 ±0.05 kg ha'1 recorded from treated plots
was significantly higher than the 500 ± 0.0 kg ha"1 obtained from the control plots (P < 0.05).
The 1993 cowpea yields from the treated plots was over 156% higher than the control plot
yields and the results were statistically significant (P < 0.05).

In 1994, significantly higher yield equivalents of 1550 ± 0.06 and 1400 ± 0.04 kg ha"1

were obtained from the plots treated with cypermethrin and cypermethrin+endosulfan
respectively compared to the yields of only 850 ± 0.04 kg ha'1 from the control plots (P < 0.05).
Yields from the two sprayed plots were, however, not statistically significant from each other (
P > 0.05). The highest amount of rainfall over the 3-year period was recorded in 1994 (Table
IV) and this seemed to have been reflected in the corresponding higher yields from the treated
cowpea plots.

Thus the highest yield from the control plots of 1125 ± 0.02 kg ha"1 over the three year
period was recorded in the first year (1992), whilst the lowest, 500 ± 0.0 kg ha'1, was obtained
in 1993. The yield from the control plots for 1994 was 850 ± 0.04 kg ha1.

The three successive endosulfan treatments in 1992 and the cypermethrin alone or when
followed by endosulfan contributed to the significant yield increases from the sprayed plots. The
cypermethrin controls the cowpea flower thrips which are known to be capable of causing 60%
to total crop losses unless controlled [6,10] and endosulfan controls pod pests and ensures good
pod formation and seed development [6].

When DDT, an organochlorine pesticide was applied in very high rates of 10 kg ai ha"1

per season for 7 seasons in Nigeria, cowpea yields declined faster with time in treated plots
compared to untreated plots [11]. The excessive rates used were, however, not recommended in
practice but were applied to simulate an excessive misapplication by peasant fanners. There is
thus no evidence of any progressive yield losses from the sprayed cowpea plots over the 2
successive years, 1992-1993, when cowpeas were grown on the same plots.
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3.9. Arthropods caught from cowpea plots, 1992 -1994

3.9.1. Arthropods caught with pitfall traps from cowpea plots, 1992

Pre-treatment samplings of ants and Collembola did not differ significantly but in all
subsequent samplings both arthropods were significantly reduced by the three consecutive
endosulfan treatments (P < 0.05) (Fig. 8). Spiders on the other hand did not appear to have been
significantly affected (P > 0.05) even though the second treatment seemed to have had caused
some slight reduction.

3.9.2. Arthropods caught with sweep net from cowpea plots, 1992

There were no statistical differences between ants, spiders and Coccinellids caught with
sweep net from the control and treated cowpea plots (P > 0.05) but the first endosulfan
treatment might have caused a slight reduction in Coccinellids (Fig. 9).

3.9.3. Arthropods caught with pitfall traps from cowpea plots, 1993

Ants, spiders and Collembola were all significantly reduced by the endosulfan treatment
20 DAET (Fig. 10) (P < 0.05).

Days after initial treatment 11 21
Days after initial treatment

Days after initial
tnatnwnt

•CONTROL •TREATED Endosulfan treatments

FIG. 8. Mean numbers of arthropods caught with pitfall
traps from cowpea plots (1992)
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Days after initial treatment 11 21
Days after initial treatment

35

11 21
Days after initial treatment

•CONTROL • TREATED

35

Endosulfan treatments

FIG. 9. Mean numbers of arthropods caught with sweep net
from cowpea plots (1992)
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TABLE VI MEAN NUMBERS OF ARTHROPODS (± SE) CAUGHT WITH SWEEP NET FROM COWPEA PLOTS, 1993

DAIT 0 1 10 15 22 26[4] 42[20]
C E n C E n C E n C E n C E n C E n C En

Ants 0.3 0.5 1.0 0.3 1.8 0.0 0.5 1.0 1.0 0.3 0.3 0.8 1.8 0.5

± ± ± ± ± ± ± ± ± ± ± ± ±
0.5 0.6 1.2 0.5 3.5 0.6 1.4 1.1 0.5 0.5 0.9 0.9 0.6

Spiders 0.8 0.0 0.5 1.0 0.5 0.3 1.0 1.0 0.8a 0.0b 0.8 1.0 0.3 0.0
± ± ± ± ± ± ± ± ± ± ±
0.9 0.5 0.8 0.6 0.5 0.8 1.4 0.9 0.9 1.1 0.5

Coccinelli 0.0 0.0 0.3 0.0 0.0 0.0 0.8 0.3 0.5 0.0 0.3 0.3 0.0 0.0
ds ± ± ± ± ± ±

0.5 1.5 0.5 1.0 0.5 0.5

DAIT; days after initial treatment; [ ] days after endosulfan treatment
Means within rows for the same day followed by different letters are statistically different (p<0.05)
C = Control
En = cypennethrin + endosulfan



3.9.4. Arthropods caught with sweep net from cowpea plots, 1993

The endosulfan treatment seemed to have caused reductions in ants, and spiders caught
20 DAET but the differences were not statistically significant (P > 0.05) (Table VI).

3.9.5. Arthropods caught with pitfall traps from cowpea plots, 1994

Arthropods collected with pitfall traps from cowpea plots included ants, spiders and
Collembola. All were significantly reduced by the endosulfan treatment 14 DAET (P < 0.05)
(Table VII).

3.9.6. Arthropods caught with D- VAC machine from cowpea plants, 1994

Endosulfan treatment significantly reduced ants caught from cowpea plants 1 DAET
(P > 0.05) (Table VIE) but it appeared recovery commenced 14 DAET. Spiders were, however,
not significantly reduced.

3.9.7. Athropods caught with D- VA C machine from the ground in cowpea plots, 1994

From Table DC, it appears endosulfan had caused a non-significant reduction in ant
catches (P > 0.05). Prior to the application of endosulfan, comparatively higher numbers of ants
had been collected from the plot. Spider catches 14 DAET were relatively lower in the
endosulfan-treated plots than those from the other plots but there was no significant reduction
(P > 0.05).

3.10. General discussion

3.10.1. Fluctuations in arthropod populations

In addition to arthropod natural enemies and other predators such as birds, lizards and
frogs and microorganisms in regulating insect populations in ecosystems, the scarcity of
resource and space can also cause population changes. Abiotic factors such as temperatures,
light, rainfall, soil and other environmental conditions could also influence the extent of
arthropod activities on day to day basis and hence the numbers trapped. These factors could
partly account for the fluctuations of arthropod numbers recorded in both and unsprayed plots.

3.10.2. Apparent recoveries

Reports by other researchers [7, 8, 9] had shown that dissipation rates of the
organochlorine pesticides were relatively faster under tropical conditions. The observed
recoveries in some of the arthropods after the application of lindane and endosulfan could very
likely be attributed to the degradation and or dissipation of the pesticides from the maize and
cowpea agro-ecosystems. This is supported by the residue data reported by Yeboah et al. (this
TecDoc).
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TABLE VD. MEAN NUMBERS OF ARTHROPODS (± SE) CAUGHT WITH PITFALL TRAPS FROM COWPEA PLOTS (1994)

DAIT 0 11 21 [1] 35 [14]
C Cy En C Cy En C Cy En C Cy En

Ants 15.5a 17.6b 9.4b 7.1 9.0 ± 6.3 ± 7.2 ± 8.6 6.5 10.1" 18.7b 6.T
±2.5 ±3.7 ±1.0 ±1.0 1.2 0.8 0.7 ±1.2 ±0.6 ±1.2 ±2.8 ±0.7

Spiders 0.6 ± 0.6± 0.7 ± 0.5 ± 0.5 ± 0.6 ± 0.6 ± 0.8 ± 0.6 ± 1.0* 0.8ab 0.6b

0.2 0.6 0.2 0.1 0.1 0.1 0.1 0.3 0.1 ±0.1 ±0.1 ±0.1

CoUembola 6.5a 15.8b 7.9a 5.0 ± 6.0 ± 5.5 ± 8.0 ± 8.2 ± 8.3 7.7a 10.8a 3.5b

±1.7 ±2.2 ±1.0 0.5 0.5 0.5 0.7 0.7 ±0.6 ±0.9 ±1.6 ±0.4

DAIT; days after initial treatment; [ ] days after endosul&n treatment
Means within rows for the same day followed by different letters are statistically different (p<0.05)
C = control
Cy ~ cypermethrin
En = cypermethrin + endosulfan



11
Cy
0.8 ±
0.2

0.1b

±0.1

En
0.6 ±
0.3

0.3*
±0.1

c
1.7a

±0.3

0.5 ±
0.3

21[1]
Cy
0.63b

±0.4

0.7 ±
0.2

En
0.06b

±0.1

0.3 ±
0.1

C
0.75
±0.2

1.1*
±0.4

35[14]
Cy
1.1 ±
0.5

1.8* ±
0.1

En
0.75
±0.3

0.6b±
0.2

TABLE Vffl. MEAN NUMBERS OF ARTHROPODS (± SE) CAUGHT WITH D-VAC MACHINE FROM COWPEA PLANTS (1994)

DAIT 0 1
C Cy En C Cy En C

Ants 4.3 ± 3.7 ± 4.8 ± 3.2 ± 2.1 ± 2.0 ± 1.1 ±
1.3 1.1 1.7 0.4 0.7 0.6 0.5

Spiders 0.7 ± 0.5 0.8 ± 0.4 ± 0.5 ± 0.8 ± 0.9a

2.1 ±0.2 0.2 0.1 0.1 0.4 ±0.5

DAIT; days after initial treatment; [ ] days after endosulfan treatment
Means within rows for the same day followed by different letters are statistically different (p<0.05)
C = control
Cy = cypermethrin
En = cypermethrin + endosulfan

TABLE DC MEAN NUMBERS OF ARTHROPODS (± SE) CAUGHT WITH D-VAC MACHINE FROM THE GROUND IN COWPEA
PLOTS (1994)

DAIT

Ants

Spiders

DAFT; days after initial treatment; [ ] days after endosulfan treatment
Means within rows for the same day followed by different letters are statistically different (p<0.05)
C = control
Cy = cypermethrin
En = cypermethrin + endosulfan

c
1.4a±
0.4
0.5 ±
0.2

0
Cy
2.1 f c

0.4
0.7
0.2

'±

±

En
2.3'
0.6
0.8
0.2

'±

±

C
1.4±
0.4
0.3 ±
0.1

1
Cy
0.7
0.2
0.2
0.1

±

±

En
0.8
0.2
0.1
0.1

±

±

C
0.7"
±0.2
0.1 ±
0.1

1
Cy
1.6
0.3
0.2
0.1

1

b±

±

En
1.31

0.3
0.2
0.1

5±

±

C
1.1 ±
0.4
0.0

21[1]
Cy
1.6
±0.5
0.2 ±
0.1

En
2.6
0.6
0.1
0.1

±

±

C
0.7
±0.2
0.6 ±
0.3

35 [14]
Cy
1.3 ±
0.3
0.9 ±
0.4

En
0.6
0.2
0.3
0.1

±

±



4. CONCLUSIONS

Collembola seemed to be the most susceptible insect to both lindane and endosulfan
(P < 0.05). Ants and spiders were also significantly reduced by these organochlorine pesticides
but most often recovered from the adverse effects between 29 and 57 days in maize plots and
after 21 days in cowpea plots. Lindane treatments did not consistently increase maize yields or
reduce stemborer attacks and three consecutive endosulfan treatments did not significantly
increase cowpea yields (P > 0.05). Endosulfan application preceded by two successive
cypermethrin treatments significantly increased cowpea yields and reduced seed damage (P
<0.05). Neither lindane nor endosulfan seemed to have significantly affected soil microbial
activity (P > 0.05) based on the rates of decomposition of organic matter buried in maize and
cowpea plots and retrieved between 84 and 259 days later.

ACKNOWLEDGEMENTS

The author wishes to thank the IAEA, the FAO and the Swedish International Development
Agency (SIDA) for financially sponsoring this project. Thanks also go to my employers, The
Ghana Atomic Energy commission, for permitting me to undertake the project and for the
material and financial contributions. Special gratitude goes to my colleague Dr. P.O. Yeboah
for partly supporting this project in the initial stages with part of his grant and for his
encouragement. I wish also to thank Mr. Stephen Yeboah for helping me with the data
processing. The contributions of Messrs. C.F.S. Edmundson, John Apatey, Titus Vuore, Anyetei
Akrama, my daughter Efua, and all the other numerous colleagues and farm hands who helped
me to execute this project are gratefully acknowledged.

REFERENCES

[1] EDWARDS, C.A., Persistent pesticides in the Environment (2nd Ed.), CRC Press, Ohio
(1973a) 170pp.

[2] JAMAL, A.,Pesticides, Hazards and Alternatives, African Development Foundation
United States of America Draft Pesticides Factsheet (1991).

[3] GRAINS AND LEGUMES DEVELOPMENT BOARD - MAIZE, Ministry of
Agriculture Technical Bulletin No. GDB/M1.

[4] PHILIPS, T.A., An Agricultural Note Book, Green and Co. Ltd, Longmans, Accra
(1964) 480 pp.

[5] TINDALL, H.D., Commercial Vegetable Growing. Oxford University Press. (1968)
300 pp.

[6] GHANA/CIDA GRAINS DEVELOPMENT PROJECT, Maize and Cowpea Production
Guide (1991).

[7] WANDIGA, S.O., MGHENYI, J.M., "Persistence of gamma- 1,2,3,4,5,6-
hexachlorocyclohexane (y-HCH) in tropical soils of Kenya", Isotope Techniques for
Studying the Fate of Persistent Chemicals in the Tropics, IAEA TECDOC-476, Vienna
(1988).

[8] SAMUEL, T., PILLAI, M.K.K., Persistence and fate of 14C-gamma-HCH in an Indian
sandy loam soil under field and laboratory conditions, Ibid. (1988) 93-102.

[9] BOLANOS DE MORENO, M., ESPINOSA, L, PASTOR, Y., MOLINEROS, J.,
MERINO, R., "Persistence of lindane in the Ecuadorian environment", Ibid. (1988) 85-
91.

90



[10] SINGH, S.R., TAYLOR, T.A., Pests of grain legumes and their control in Nigeria:
(Singh, S.R., Van Emden, H.F., Taylor, T.A., Eds), Pests of Grain Legumes: Ecology
and Control. Academic Press. London.

[12] PERFECT, T.J., COOK, A.G., CRTTCHLEY, B.R., CRTTCHLEY, U., DA VIES, A.L.,
SWIFT, M.J., RUSSELL-SMITH, YEADON, R., The effect of DDT contamination on
the productivity of a cultivated forest soil in the subhumid tropics. J.Appl. Ecol. 16
(1979)705-719.

NEXT PAQE(8)
left BLANK

91


