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Introduction 

Today’s agriculture is faced with a problem of decreasing availabil-
ity for irrigation water since there is ever increasing competition for 
use of water in agriculture, manufacturing and industries. This com-
petition has led to use of water of marginal quality for irrigation [1]. 
Sewage waste water is the component of domestic waste compris-
ing bathroom and laundry effluents (grey water) and sewage waste 
(black water). Generally this wastewater is processed through 
waste water treatment plants to produce a definable quality of sew-
age wastewater that may be recycled for a range of purposes. The 
beneficial use of treated effluents for agriculture is the major reuse 
application worldwide. Currently, most countries still have no legal 
framework for wastewater reuse in agriculture. Effluent contains 
valuable resources, such as nutrients and organic matter, however, 
it also can contain concentrations of chemical contaminants, salts 
and pathogens that are potentially detrimental to soils or plant 
growth. Nutrients in effluent such as phosphorus, magnesium, nitro-
gen, sulfur, potassium and calcium are generally beneficial to plant 

growth [2]. 

Development of agriculture in Botswana is especially hampered by 
a number of challenges, the most significant of which is limitation in 
water resources. Botswana is an arid to semi-arid country and it 
receives little rainfall ranging from a high of 550 and low of 200 mm 
per year with an estimated annual average evaporation rate of 1400 
mm. It is a water stressed country and with lack or little water har-
vesting strategies, the country has turned to the use of effluent wa-
ter to meet demands of water for irrigation. Notwane river, in the 
capital city Gaborone, receives treated sewage water discharged 

from wastewater treatment plant in Gaborone. This water is used by 
farmers to water their vegetables and other crops because of the 
scarcity of water in the country and also because of its nutritive 
advantage. Some of the crops are attacked by insects. Whether the 
water nutritive quality may have any impact on insect abundance is 
not fully understood. Over the past decade, the once overwhelming-
ly forest area around the river has been gradually replaced by agri-
cultural community mainly because of easy access and cheap wa-
ter. With these developments especially along the Notwane River, 
the threat of pests appears ever greater than in the past. It is well 
documented that agricultural operations play a significant role in the 

production of pest around the world [3]. 

Cowpea, Vigna unguiculata (L.) Walp. (Fabaceae), is a widely culti-
vated and the third most important crop in Botswana after maize, 
Zea mays L., and grain sorghum, Sorghum bicolor (L.) Moench 
(both Poaceae). It is an annual legume crop that is eaten in the 
form of dry seeds, green pods, green seeds and tender green 
leaves, and also utilized for fodder under a wide range of conditions 
[4]. Cowpeas play a critical role in the lives of millions of people in 
Africa and other parts of the developing world. It is of nutritional 
importance because it is high in protein content, therefore it can be 
a good replacement for beef, chicken and fish. The cowpea grains 
and leaves have a high protein content of about 24.8%, fat content 
of 1.9%, fiber content of 6.3%, carbohydrate content of 6.3% and 
water content of 8-9% [5]. The crop is also a valuable and dependa-
ble commodity that produces income for many small holder farmers 

and traders in Sub-Saharan Africa [6]. 

One of the major biological constraints in cowpea production is their 
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infestation and damage by various pests in the field and during 
storage [7]. Yield losses caused by field pests have been reported 
to range from 20 to 100% [8,9]. The cowpea aphid, Aphis crac-
civora Koch (Hemiptera: Aphididae), is one of the major insect 
pests of cowpea. This insect is considered an important field pest of 
cowpea in Africa, Asia and Latin America [10]. Its high infestation 
can result in stunted plants, abscission of pods and shriveled seed 

[11], with a yield loss of up to 50% in Botswana [9].  

Effluent water has been reported to have nutrients such as phos-
phorus, nitrogen, potassium, iron, calcium, magnesium and zinc. It 
is, therefore, suspected to have high nutritional value to crop pro-
duction because of its mineral composition [1,12]. Some of these 
nutrients present in the water have been reported to have positive 
effect and others have negative effect on aphid population growth. 
Effluent water is suspected to be capable of boosting insect repro-
duction due to its nutrient composition such as nitrogen [13,14]. 
Nitrogen has been reported to be capable of increasing the repro-
duction of aphids [15-17]. In contrary, the increased levels of potas-
sium have been found to reduce the aphid populations [18-20]. 
There is no research work that has been done on the effect of efflu-
ent water on population growth of aphid. Therefore, this work is 
meant to establish the relationship between effluent water and 
aphid population growth. This information might be useful for deci-

sion making in integrated pest management. 

Materials and Methods 

Experimental Design and Layout 

The experimental site was at Botswana College of Agriculture gar-
dens under net shade conditions. Four similar net-shades were 
used for this experiment. Cowpea plants (ER7) were planted to 
evaluate the effect of effluent water on cowpea aphid population 
growth. The plants were sown in polythene plastic pot containing 
garden soil. Two seeds were sown per hole at the depth of 5 cm 
and were later thinned to one after emergence by choosing a 
healthy looking seedling. Seeds which failed to emerge were re-
planted three days after emergence. No insecticide or fertilizer was 
applied on the experimental plants. Nets shades were kept free 
from weeds by regular manual weeding throughout the 5 weeks of 

the study period.  

The pots of the cowpea plants were arranged in a randomized com-
pletely block design. Four water treatments viz treatment 1 (100% 
effluent water + 0% tap water), treatment 2 (60% effluent water + 
40% tap water), treatment 3 (40% effluent water + 60% tap water) 
and treatment 4 (0% effluent + 100% tap water) were used in the 
experiment and were replicated four times ending with a total num-
ber of thirty two experimental plants. One replicate consisted of 
eight potted plants for each treatment in each of the four net-shade 
houses. The pots were randomly placed in the net shade house. 
Effluent water which was used to irrigate the cowpea plants was 
collected from Notwane river. The water was sent to National Envi-
ronmental Laboratory at the Department of Waste Management and 
Pollution Control for various quality parameters (analysis of nutri-

ents and their concentrations levels). 

Aphid Colony 

The cowpea aphid colony used for this study was obtained from a 
net-shade culture reared from progeny of a single apterous female. 
The aphid was maintained on susceptible cowpea plants inside 
proof cages. To avoid crowding, aphids were continuously trans-

ferred to new plants until the start of the experiment. 

Experimental Conditions 

The experiment was started when aphid colony had enough 
nymphs to infest all the experimental cowpea plants. A camel’s hair 
brush was used to individually place neonate nymphs on individual 
cowpea plants. These nymphs were approximately same age and 
weight. Each nymph was examined daily to record the time length 
from the onset of reproduction also known as pre-reproductive peri-
od. The number of progeny per adult was recorded daily for the 

duration of the experimental period. 

Data Collection 

The cowpea aphid counts per plant started to be taken from 3 days 
after inoculation with cowpea aphids up to the end of the experi-
ment (five weeks). Sampling was done between 900 and 1200 h. 
The cowpea developmental stages were recorded on each sam-
pling date. The cowpea vegetative V1: first node, V2: second node, 
V3: third node, and V(n) represent n number of nodes on the main 
stem with fully developed leaves) and reproductive growth stages 
(R1: beginning bloom, R2: full bloom, R3: beginning pod, R4: full 
pod, R5: beginning seed, and R6: full seed stage, respectively) 
were identified according to Fehr [21]. Data collection was done by 
in-situ observation (visual counts on the plant) of insects on the 
plant. The cowpea aphid numbers were determined by counting 
those present on five randomly selected plants per replicate for all 

the treatments. Counts were taken from the top five trifoliate leaves.  

Data Analysis 

All data were subjected to analysis of variance (ANOVA) using 
mixed model procedures (PROC MIXED IN SAS [22]). Multiple 
comparisons were made on least square means. Differences 
among treatment means were based on LSD and considered signif-

icant when P ≤ 0.05. 

Results and Discussion 

Aphid Population Growth Pattern 

The experiment was conducted for 32 days after inoculating cow-
pea plants with cowpea aphids. The [Fig-1] depicts the aphid popu-
lation dynamics from day 4 of observation to the last day of obser-

vation for all the treatments.  

Fig. 1- Population Dynamics of Cowpea Aphid among the Treat-

ments 

There was no significant growth of aphid population from Day 4 to 
Day 12 for all the treatments. The aphid population started to in-
crease after day 12 of observation for all treatments and still 
showed an increase trend at the last day of observation. Aphids 
have a tremendous capacity for reproduction and increase in popu-
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lation. Karley, et al [23] reported that aphids can double a popula-

tion in just 3 days. 

Comparison of Average Number of Aphids per Plant among 
the Treatments 

The average population of cowpea aphids per plant from the first 
day of observation to last day of observation among all treatments 
(control inclusive) was found not to be significantly different (F3, 1462 

= 20.19; P < 0.8983) [Table-1]. The results of this study have shown 
that effluent water does not have impact on aphid population growth 
as this was evident when comparing with clean tap water as ob-
served in [Table-1]. Effluent water has been reported to have rela-
tively high nitrate contents (35.5 mg/l) [Table-4]. Therefore, this 
water was expected to increase the population growth of aphids in 
our experiment. This is because nitrogen has been reported to have 
a positive correlation with aphid growth [24]. Nitrogen is essential in 
insect development, aphids inclusive by increasing the abundance 
of free amino acids in the plant [25]. The aphid infestation per plant 
showed significant difference among the four treatments, control 
inclusive, at each day of observation (F7, 86 = 11.79; P < 0.0001) 
[Table-2]. When looking at particular days chosen at random 
throughout the observation period, it was observed that treatments 
were significantly different in aphid infestation only at day 8 (F3, 8 = 
0.75; P < 0.0001) [Table-2] where treatment 3 had significantly 
higher aphid infestation than other treatments. Treatment 1 and 4 
were not significantly different in aphid infestation per plant after 
day 8. In addition, other treatments also did not show any significant 
difference in aphid infestation up to day 32 [Table-2]. However, from 
day 24 to day 32, there was least population growth on the control 

as compared to other treatment levels. 

Table 1- Average Number of aphids per plant in all the treatments 

throughout the experimental period 

*Means within a column followed by the same small letter are not 

significantly different (P ≤ 0.05). 

*Treat 1 is 100% sewage water, treat 2 is 60% sewage water, treat 
3 is 30% sewage water, and treat 4 is control (Clean tap water). 

Dilution was done with clean tap water. 

Table 2- The number of Aphids per plant after Infestation at a 4 day 

interval among the treatments 

* Means within a column followed by the same small letter are not 

significantly different (P ≤ 0.05). 

* Treat 1 is 100% sewage water, treat 2 is 60% sewage water, treat 
3 is 30% sewage water, and treat 4 is control (Clean tap water). 

Dilution was done with clean tap water. 

Effect of Treatments Levels on Population Growth of Cowpea 
Aphid at Each Growth Stage  

When comparing treatments at 4 days interval, it has been found 
that treatment 1 had lower aphid number per plant than other treat-

ments, where significance difference was observed. The trend ob-
served at [Table-3] is that population levels of aphid per plant in-
creased as sewage water was diluted. Similarly, we expected vice 
versa to be the case for the reasons as above of effect of N on 
aphid growth. It should be noted that inoculation of cowpea aphid 
on the cowpea plants was done at V5 plant growth stage. The pop-
ulation of aphid remained low from V5 to V6 plant growth stage and 
a noticeable change started from V7 plant growth stage to the last 

day [Table-3]. 

Table 3- Effect of treatments levels to growth stage on population 

dynamics of cowpea aphid 

* Means within a column followed by the same small letter are not 

significantly different (P ≤ 0.05).  

* Treatment 1 is 100% effluent water, treatment 2 is 75% effluent 
water, treatment 3 is 50% effluent water, treatment 4 is 25% effluent 

water and treatment 5 is the control which is 100% tap water. 

Table 4- Composition of effluent water from Glen Valley sewage 
ponds 

Source: National Environmental Laboratory Building (Department of 

Waste Management and Pollution Control), Gaborone, Botswana. 

The average population of cowpea aphids per plant from first day of 
observation to last day of observation for the treatments at each 
growth stage was found to be significantly different (F3, 1437 =36.52; P 
< 0.0001). During the plant growth stages from V1 to R4, the aver-
age aphid counts per plant among all treatments were observed to 
be not significantly different [Table-3]. Major differences in aphid 
numbers per plant were showed at plant reproductive stages R6 
and R7. At plant growth stage R3 and R4 aphid population in-
creased and this collided with cowpea plant having succulent pods 
and vining nodes [Table-3]. Fernandes, et al [26] found that higher 
aphid population feeding was distributed more on the pods and 
nodes than on the leaves mainly because of high nitrogen concen-

tration. 

Generally, this study has revealed that eventhough the nitrate con-
tent in the sewage water was at significant amounts, it did not influ-
ence or affect the population growth of aphids. In addition, it was 
also found from the sewage water analysis that the water had no-
ticeable amounts of potassium (23.46 mg/l) [Table-4]. Potassium 
has been reported to negatively affect the population growth of 
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Treatment Mean ± SE 

1 2.808 ± 1.331a 

2 3.754 ± 0.394a 

3 3.490 ± 0.397a 

4 3.454 ± 1.331a 

Observation Day 

Treatment 4 8 12 16 20 24 28 32 

1 1a 1.25bc 13.83a 16a 67.17a 105.33a 123.83a 139.08a 

2 1a 1.167c 9.17a 49.08a 94.08a 129.83a 144.08a 164a 

3 1a 2.75a 10a 39.92a 97.33a 128.83a 147.83a 155.33a 

4 1a 2bc 12.83a 43a 85.17a 76.83a 93.75a 108.42a 

Water Treatments Means ± SE Cowpea Growth 
Stage 1 2 3 4 

V5 1a 1a 1a 1:00 AM 

V6 0.672±12.55a 1.00±12.55a 1.8685±12.37a 1.382±12.50a 

V7 1.167±2.55a 2.853±12.25a 0.6266±12.71a 1.065±12.55a 

V8 9.0145±11.76a 9.339±11.93a 9.3611±11.77a 11.964±11.79a 

R1 32.427±28.33a 17.393±38.85a 21.907±28.34a 57.333±32.19a 

R2 66.05±11.27a 83.300±11.38b 79.22±11.29ab 65.2634±11.29a 

R3 85.271±22.58a 81.149±22.42a 78.95±25.79ab 89.8784±21.29a 

R4 105.83±15.48a 128.73±13.79a 131.92±14.70a 82.1806±14.87a 

R6 140.08±21.23a 158.58±38.85a 108.62±25.79a 45.961±28.33b 

R7 110.88±21.23a 167.83±18.84b 164.85±18.32b 94.528±22.39a 

Parameter Symbol Concentration (mg/l) 

Nitrate NO3
- 35.5 ± 0.43 

Potassium K 23.46 

Magnesium Mg 14.34 

Chloride Cl- 671 ± 2.09 

Calcium Ca 33.07 

Total Dissolved Solids TDS 442.86 
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insect. It has been reported to reduce population of aphids by re-
ducing concentrations of free amino acids (Gash 2012). Therefore, 
it can be said that the presence of N does not always imply positive 
aphid growth especially when other elements are available at cer-

tain concentration levels such as potassium.  

Conclusion 

This study has shown that effluent water at all concentrations does 
not show any distinct and significant effect on cowpea aphid repro-

duction and population growth compared with clean tap water. 
Therefore, its use by farmers will not affect the population levels of 

aphids on cowpea crops. 
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