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Field trials were conducted in three agro-climatic zones of the country to evaluate the 
effect of cassava-legume-based intercropping systems on the population dynamics of 
legumes insect pests. The experiment consisted of a factorial treatment combination of 
seven cropping systems, two cassava architectures, and two spatial arrangements. The 
study reveals that a higher percentage incidence and severity scores of the legumes 
insect pests were recorded on the sole legumes compared to the intercropping systems. 
Also, intercropping the grain legumes using the erect cassava variety at a spatial 
arrangement of 1 m x 1 m recorded the lowest number of pests per plant, incidence and 
severity of legumes insect pests compared to the branched cassava architecture, and the 
2 m x 0.5 m spatial arrangement. In conclusion, it was shown that, cassava-legume 
intercropping systems could significantly influence reduction in the number of pests per 
plant, incidence, and severity of legumes insect pests.  
 

Contribution/Originality:  This study contributes to the existing literature, as the results of the study agree 

with the findings of several authors that, intercropping generally influenced the reduction in the incidence and 

severity of legumes insect pests thus, resulting in an increased in productivity. 

 

1. INTRODUCTION 

Cassava, Manihot esculenta Grantz (Euphorbiaceae) is an important food security crop for over 800 million 

people in the World [1]. In Sierra Leone, it is the second most important food crop after rice and such; it has 

become a strategic commodity for the country’s food economy. The production of this crop has now expanded 

beyond the normal traditional rural production zones into towns and cities of the country. According to Alves, et al. 

[2], cassava is normally cultivated by small-scale farmers in several forms of cropping associations. 

Grain legumes such as cowpea, groundnut, and soybean play an important role in cropping systems, as they 

contribute to the maintenance of soil fertility by fixing nitrogen into the soil which can be useful to subsequent 

crops. They are also a major source of protein in human food and animal feed and play an important role in 

contributing to food security and income generation for many small-scale farmers in sub-Saharan Africa [3].  

In general, insect pests are one of the most important constraints that limit the production of grain legumes  

[4] in addition to declining soil fertility, nutrient deficiency, and other environmental constraints. The 
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management of insect pests using insecticides as a stand-alone tactic has led to serious consequences such as 

environmental contamination, effect on natural enemies, insect pests, and disease resistance [5]. Due to the 

problems associated with the use of insecticide as the sole tactic in pest management, there is a need to adopt 

intercropping as an alternative strategy in the management of these pests.   

Intercropping is defined as the cultivation of two or more crop species in the same field for the whole or part of 

their growing period [6]. It is an ancient agronomic practice and was used worldwide. According to Gurr, et al. 

[7], this practice in most cases stimulates the presence and effectiveness of natural enemies which enhance pest 

suppression, thus, potentially reducing the need for costly and ecologically disruptive insecticide application. Even 

though intercropping does not always lead to insect pest reduction, however, most authors have reported a decrease 

in insect pest population in intercropping systems Fujita, et al. [8].  In general, strategies involved in reducing pest 

infestation and damage in intercropping systems include delimiter crop hypothesis, trap crop hypothesis, and 

natural enemy hypothesis [9].  

Spatial arrangements and plant densities of component species generally enhance complementarities and reduce 

interspecies competition to maximize agronomic and physiological advantages [10] and the spread of insect pests 

and diseases. It is one important management factor that could determine the sustainability of an intercropping 

system. Thus, spatial separation of plants can reduce or delay inter-plant contact and thus reduce or delay the 

spread of insect pests or diseases. 

Studies carried out by Ogola, et al. [11] have shown that, intercropping grain legumes with cassava could 

improve the overall productivity of the system. In addition to increasing productivity, this system in most cases 

results in a decrease in insect pests, weeds, and disease severity [12] due to increase in biodiversity, alteration of 

the microclimatic conditions of neighboring plants, and also altering the host plant quality [13]. According to 

Gabriele [14], considerable evidence has emerged over the past twenty years to suggest that pest problems are 

much greater in sole cropping systems than in intercropping systems as one of the component crops may serve as a 

physical barrier resulting in the reduction in the spread of the pests. Furthermore, intercropping enhances the 

abundance of predators and parasites of insect pests and diseases as the modified environment can delay the spread 

of pathogens and the introduction of diseases [15]. 

The objective of this research, therefore, was to investigate the influence of cassava-legume-based cropping 

systems on the population dynamics of legumes insect pests in three major agro-climatic zones of the country.  

 

2. MATERIALS AND METHODS  

2.1. Study Areas  

The study was conducted between 2015-2017 under rain-fed conditions in three Agro-climatic zones namely, 

Sumbuya (N 08.040880, W 011.4789550) in Bo district representing the transitional rain forest, Makeni (N 08.87200 

, W 012.03760) in Bombali district representing the savannah woodland and Segbwema (N 07.99300, W 010.952240) 

in Kailahun district representing the forest region of the country (Figure 1). 

 

2.2. Land Preparation  

For the two years of the research work, land preparation was done manually using cutlass and hoe and the 

plots were laid out using a measuring tape, garden line, and pegs.  

 

2.3. Planting Material 

The cassava varieties used were slicass 6 which is the erect type and slicass 1, which is the branched type. The 

cowpea, soybean, and groundnut varieties used were IITA573k-1-1, Slibean 2, and Slinut 1 respectively. These 

planting materials were obtained from Njala Agricultural Research Center.  
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Figure 1. Map of Sierra Leone showing trial sites of the different agro-climatic zones in Sierra Leone. 

 

2.4. Planting and Spacing 

The cassava and the three legumes were planted on a flat land in June of each year. Stem cuttings of about 25 

cm long with five nodes of each cassava variety were used. Cassava was planted at the spacing of 1 m x 1 m and 2 m 

x 0.5 m respectively; whilst cowpea and groundnut were planted at the spacing of 50 cm x 20 cm with two seeds per 

hole for cowpea and one seed per hole for groundnut. On the other hand, soybean was planted at the spacing of 50 

cm x 10 cm with two seeds per hole. The legumes were introduced in between the rows of the cassava.  

 

2.5. Experimental Design and Treatments    

The experiment was laid out in a randomized complete block design with 28 treatments replicated three times. 

This gave a total of 84 plots. Each plot measured 6 m x 7 m with a space of 1 m between each plot. The treatments 

consisted of seven cropping associations (sole cassava, sole groundnut, sole cowpea, sole soybean, cassava + cowpea, 

cassava + groundnut, and cassava + soybean), two cassava architectures (branched and erect), and two spatial 

arrangements (1 m x 1 m and 2 m x 0.5 m).  

  

2.6. Data Collection 

For cowpea, the following insect pests were assessed: number of thrips (Megalurothrips sjostedti) per flower, 

number of legume pod borer (Maruca vitrata) per flower, and percentage incidence and severity of foliage beetle 

(Ootheca mutabilis). 

The number of thrips and legume pod borers were determined using the method of Asante, et al. [16]. Twenty 

flowers were collected from the border row of each plot in the morning and were placed in vials containing 30% 

ethanol and brought to the laboratory to determine the number of flower thrips and legume pod borers (Maruca 
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vitrata). The flowers were dissected and the legume pod borer larvae and thrip nymphs and adults were identified 

and counted. Insects were counted twice at 10 days intervals, usually between 9 am and 12 noon. 

The severity of the foliage leaf beetle was assessed using the visual rating scale of   0-5  (where; 0 = no of plants 

with signs of damage/symptoms, 1 = 1-5% of plants with signs of damage/symptoms, 2 = 6-25% of plants with 

signs of damage/symptoms, 3 = 26-50% of plants with signs of damage/symptoms, 4 = 56-75% of plants with signs 

of damage/symptoms, and 5 = 76-100% of plants with signs of damage/symptoms) [17]. 

For groundnut, the following insect pests were assessed: incidence and severity of groundnut flower thrips and 

groundnut leaf miner.Percentage incidence of groundnut flower thrips was recorded on 10 plants at 30, 40, 50, 60 

and 70 days after planting.  The percentage of damaged leaves was recorded based on the percentage of leaves 

showing visible scars on the main stems of 10 plants in each plot. In each leaf, a single leaflet or more with a petiole 

having scars of thrips feeding was considered damaged. Thrips damage ratings of 1-9 were subjected to 10 

individual plants in each plot, with 1 =  0-10%  damage  3 =  11-30% damage, 5 =  31-50% damage, 7 =  51-70% 

damage and 9 =  71-100% damage [18]. 

Assessment for groundnut leaf miner (Aproaerema modicella) commences from 40 days after planting and 

continued at an interval of 14 days for four consecutive times [19] since according to Namara [20], groundnut leaf 

miner peak infestation could occur during the reproductive stage. The groundnut leaf miner incidence which is 

expressed as percentage leaf damage was obtained by counting the total number of leaves showing folding and 

mining symptoms from 10 randomly selected plants per plot [21]. Severity of damage caused by groundnut leaf 

miner was recorded using a scale of 1-5; where 1 = no damage, 2 = 1-20% leaf damage, 3 = 21-40%  leaf damage, 4 

= 41-60% leaf damage and 5 = 61-100% leaf damage [22]. 

For soybean, only the foliage beetle (Ootheca mutabilis) was recorded as a pest and was assessed using the same 

rating scale as on cowpea. 

 

2.7. Data Analysis 

All data collected were subjected to analysis of variance (ANOVA) using the SAS statistical package [23] and 

means were compared using the Student Newman-Keuls Test (SNK) at a 0.05 level of significance. Data for insect 

counts were square root transformed [24] before analysis. 

 

3. RESULTS 

3.1. Cowpea Insect Pests 

The number of pod borers per flower was significantly different (P< 0.05) with respect to the cropping system; 

however, the number of pod borers per flower was only significant concerning spatial arrangement and plant 

architecture of cassava at Sumbuya representing the transitional rain forest zone (Table 1). 

For the cropping system, the number of pod borers per flower for the sole cowpea was consistently higher 

compared to the cassava-cowpea intercrop at the three agro-climatic zones. The number of pod borers per flower 

was 87%, 82%, and 20% higher in the sole cowpea plots than in the intercropped plots for the agro-climatic zones in 

Makeni, Segbwema, and Sumbuya respectively. Furthermore, the number of pod borers per flower was significantly 

(P < 0.05) higher in Makeni in the savannah woodland (1.63) compared to Sumbuya in the transitional rain forest 

(1.10) and Segbwema in the forest zone (0.56). In general, the number of pod borers per flower was low concerning 

the agro-climatic zones and cropping systems (Table 1). 

For the spatial arrangement of cassava, the number of pod borers per flower when cassava was intercropped 

with cowpea using the 2 m x 0.5 m spatial arrangement was significantly (P < 0.05) higher compared to the 1 m x 1 

m spatial arrangement. In addition, significant differences were also obtained relating to the agro-climatic zones 

with Sumbuya in the transitional rain forest (0.94) recording the highest number of legume pod borers per flower 

followed by Makeni in the savannah woodland (0.37) whilst Segbwema in the forest zone registered the least (0.16) 
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(Table 1). Concerning plant architecture, intercropping cowpea with the branched cassava architecture was 

observed to have recorded a slightly higher number of pod borers per flower compared to the erect type (Table 1). 

Furthermore, the three-way interactions among cropping systems x spatial arrangement x plant architecture with 

respect to the number of pod borers per flower across the agro-climatic zones were not significant (P > 0.05). 

The number of thrips per flower with respect to the cropping system was significantly different (P < 0.05) for 

the agro-climatic zones in Segbwema and Sumbuya but was not significantly different (P > 0.05) in Makeni     

(Table 1). The number of thrips per flower was generally low at the three agro-climatic zones with the sole cowpea 

recording higher values compared to the cassava-cowpea intercrop. The number of thrips per flower recorded by 

the sole cowpea was 23%, 53%, and 56% higher compared to the cassava-cowpea intercropping system in Makeni in 

the savannah woodland zone, Sumbuya in the transitional rain forest zone, and Segbwema in the forest zone 

respectively (Table 1). Agro-climatic zonal differences in the number of thrips were also observed in which 

Segbwema representing the forest zone (2.52) was observed to have recorded the highest number of thrips per 

flower compared to Makeni representing the savannah woodland zone (2.09) whilst, Sumbuya representing the 

transitional rain forest (1.30) recorded the least (Table 1). 

In the case for spatial arrangement and architecture of cassava, the number of thrips per flower was only 

significant for the agro-climatic zone in Segbwema in which the highest number of thrips per flower was recorded 

when cowpea was intercropped with cowpea using the 2 m x 0.5 m spatial arrangement for cassava. In addition, the 

highest number of thrips per flower was recorded when cowpea was intercropped using the branched cassava 

variety. 

Also, the three-way interactions among cropping systems x spatial arrangement x plant architecture with 

respect to the number of thrips per flower in all the zones were not significant (P > 0.05). 

Relating to the foliage beetle, percentage incidence was not significantly different (P > 0.05) across cropping 

system, spatial arrangement, and plant architecture. Incidences across the three agro-climatic zones were high. In 

addition, on average, higher values of foliage beetle incidences were recorded in Makeni in the savannah woodland 

followed by Segbwema in the rain forest zone and Sumbuya in the transitional rain forest zone (Table 1). 

Concerning foliage beetle severity score, significant differences were recorded with respect to the cropping 

system for the agro-climatic zones in Makeni and Sumbuya with the sole cowpea recording significantly (P < 0.05) 

higher values in the two agro-climatic zones compared to the intercrop (Table 1). The foliage beetle severity score 

was 13% and 19% higher in the sole cowpea system compared to the cassava-cowpea intercropping system in 

Makeni representing the savannah woodland and Sumbuya representing the transitional rain forest respectively. In 

general, the foliage beetle severity score with respect to the cropping system, spatial arrangement, and plant 

architecture was moderately high across the three zones. Furthermore, on average, the foliage beetle severity scores 

were higher for the agro-climatic zones in Makeni followed by Segbwema whilst Sumbuya recorded the least   

(Table 1).  
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Table 1. Effect of cropping systems (CS), spatial arrangement of cassava (SA), and plant architecture of cassava (PA) on cowpea insect pests with respect to Agro-climatic zone over a two year cropping season. 

Agro-climatic zones 

 Savannah woodland (Makeni) Rain forest (Segbwema) Transitional rain forest (Sumbuya) 

Parameter Cowpea insect pests Cowpea insect pests Cowpea insect pests 

No. of 
maruca 
per 
flower 

No. of   
thrips 
per 
flower 

Foliage 
beetle 
incidence 
(%) 

 Foliage 
beetle 
severity 

No. of 
maruca 
per 
flower 

No. of   
thrips 
per 
flower 

Foliage 
beetle 
incidence 
(%) 

Foliage 
beetle 
severity 

No. of 
maruca 
per flower 

No. of   
thrips 
per 
flower 

Foliage 
beetle 
incidence 
(%) 

Foliage 
beetle 
severity 

Cropping system 
Sole cowpea 2.88 a 2.36a 100.00a 3.32a 0.95a 3.42a 100.00a 2.69 a 1.22 a 1.80 a 100.00a 2.74 a 
Cassava-Cowpea 0.37b 1.82a 99.44a 2.90b 0.17b 1.62 b 99.17 a 2.49 a 0.97b 0.79b 97.34 a 2.22 b 
Mean 
Spatial 
arrangement 
1 m x 1 m 

1.63 a 
 

0.33a 

2.09 b 
 

1.44a 

99.72 a 
 

98.75 a 

3.11 a 
 

2.89a 

0.56 c 
 

0.16a 

2.52 a 
 

1.32 b 

99.59 a 
 

99.44 a 

2.59 b 
 

2.48 a 

1.10 b 
 

0.52 b 

1.30 c 
 

1.75 a 

98.67 a 
 

96.11a 

2.48 b 
 

2.16a 

2 m x 0.5 m 0.41 a 1.88a 100.00a 2.92a 0.16 a 1.92a 98.89 a 2.49 a 1.35a 1.84a 98.75 a 2.29 a 
Mean 0.37 b 1.66 a 99.38 a 2.91 a 0.16 c 1.62 a 99.17 a 2.49 b 0.94 a 1.80 a 97.43 a 2.23 b 
Plant architecture 
Erect 0.37 1.77 98.75a 2.90a 0.21a 1.20a 98.83a 2.50 a 0.40b 1.73a 97.14a 2.28 a 
Branch 0.39 1.84 100.00a 2.89a 0.19 a 1.88 a 99.55a 2.47 a 1.36 a 1.90 a 97.50a 2.14 a 
Mean 0.38 b 1.81 a 99.38 a 2.90 a 0.20 b 1.54 a 99.19 a 2.49 a 0.88 a 1.82 a 97.32 a 2.21 a 

Note: Means in column with the same letter are not significantly different at P˃0.05 (SNK). 
Severity score of cowpea leaf beetle:  1 = 0-20% of foliage consumed, 2 = 21 – 40% of foliage consumed, 3 = 41 – 60% of foliage consumed, 4 = 61 – 80% of foliage consumed and 5 = 81- 100% of foliage. 
“a and b” indicates that the means are significantly different at P<0.05 
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3.2. Groundnut Insect Pests  

Groundnut leaf miner incidence was not significantly different (P > 0.05) with respect to the cropping system 

and cassava plant architecture at Makeni representing the savannah woodland; however, it was significantly 

different (P < 0.05) concerning the spatial arrangement of cassava. A higher groundnut leaf miner incidence was 

recorded when groundnut was intercropped using the 2 m x 0.5 m spatial arrangement (37.80%) of cassava relative 

to the 1 m x 1 m spatial arrangement (31.88%).  

Conversely, significant differences (P < 0.05) were recorded in groundnut leaf miner incidence at Segbwema 

representing the forest zone with respect to the cropping system, spatial arrangement and plant architecture  

(Table 2). For the cropping system at Segbwema in the forest zone, the sole groundnut (34.00%) was observed to 

have recorded the highest incidence of groundnut leaf miner compared to the cassava-groundnut system (19.65%). 

The percentage incidence of leaf miner on the sole groundnut was 73% higher at Segbwema representing the forest 

zone compared to the cassava-groundnut system. 

In the case of the spatial arrangement of cassava, the 2 m x 0.5 m spatial arrangement (27.25%) of cassava 

recorded significantly higher incidence of leaf miner compared to when groundnut was intercropped using the         

1 m x 1 m spatial arrangement (12.89%). Furthermore, intercropping groundnut with the branched cassava variety 

(24.50%) registered a higher incidence of leaf miner compared to the erect variety (12.71%). 

In Sumbuya, the percentage groundnut leaf miner incidence varies significantly (P < 0.05) with respect to the 

spatial arrangement and architecture of cassava (Table 2). There was no significant difference in leaf miner 

incidence concerning the cropping system. Intercropping groundnut using the branch cassava architecture at the 

spatial arrangement of 2 m x 0.5 m recorded the highest leaf miner incidence compared to using the erect cassava 

variety at the 1 m x 1 m spatial arrangement (Table 2). In addition, the mean leaf miner incidence across the     

agro- climatic zones with respect to the cropping system, spatial arrangement and plant architecture was different 

with Makeni in the savannah woodland zone (34.48%) recording the highest followed by Segbwema in the forest 

zone (21.83%) whilst Sumbuya in the transitional forest zone recorded the least (6.21%). Also, the three-way 

interactions among cropping system x spatial arrangement x plant architecture with respect to the leaf miner 

incidence were not significant (P > 0.05). 

Concerning the severity of the groundnut leaf miner, significant differences were recorded only at Segbwema 

representing the rain forest zone with respect to cropping system (Table 3).  At Segbwema in the rain forest, the 

sole groundnut recorded significantly (P < 0.05) a higher severity score compared to the cassava-groundnut system. 

Similarly, for the spatial arrangement and architecture of cassava, significant differences in leaf miner incidences 

were recorded only for the agro-climatic zone in Segbwema representing the rain forest zone (Table 3). For both 

spatial arrangement and plant architecture of cassava, higher leaf miner severity scores were registered when 

groundnut was intercropped with the branched cassava variety at the spatial arrangement of 2 m x 0.5 m than using 

the erect cassava variety at the spatial arrangement of 1 m x1 m (Table 3). 

Pertaining to the groundnut flower thrips, percentage incidence was significantly different (P < 0.05) at 

Makeni representing the savannah woodland with respect to the cropping system; but was not significantly 

different (P > 0.05) concerning architecture and spatial arrangement of cassava (Table 2). The groundnut flower 

thrips incidence for the sole groundnut system was 27% higher compared to the cassava-groundnut intercropping 

system. 

At Segbwema representing the forest zone, the mean percentage incidence of groundnut flower thrips was 

significantly different (P < 0.05) with respect to cropping system and plant architecture; however, significant 

differences (P > 0.05) were not recorded with respect to the spatial arrangement of cassava (Table 2). In the case of 

the cropping system, the sole groundnut (47.67%) was observed to have attracted a higher incidence of flower 

thrips compared to the cassava-groundnut intercrop (17.24%). The groundnut flower thrips incidence was 64% 

higher in the sole groundnut compared to the cassava-groundnut intercropping system. For plant architecture, 
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intercropping groundnut with the branched cassava variety attracted higher incidence (20.50%) of the groundnut 

flower thrips compared to the erect type (12.57%). The population of groundnut flower thrips was 39% higher for 

the branch cassava architecture compared to the erect type. 

Similarly, for Sumbuya representing the transitional rain forest zone, significant differences in the mean 

groundnut thrips incidence were observed with respect to cropping system and plant architecture. The groundnut 

flower thrips incidences were 53% and 55% higher for the sole groundnut and the branched cassava architecture 

respectively compare to the cassava-groundnut system and the erect cassava architecture. 

In general, agro-climatic zonal differences in the flower thrips incidence was also observed with makeni 

representing the savannah woodland (38.47%) registering significantly (P < 0.05) a higher incidence followed by 

Sumbuya representing the transitional rain forest (24.65%) whilst Segbwema representing the rain forest registered 

the least (22.06). Furthermore, the three-way interactions among cropping system x spatial arrangement x plant 

architecture with respect to the groundnut flower thrips incidence were not significant (P > 0.05). 

Relating to the severity of the groundnut flower thrips, significant differences were recorded for the agro-

climatic zones in Segbwema and Sumbuya with respect to the cropping system. There were however no significant 

differences in flower thrips severity concerning spatial arrangement and architecture of cassava (Table 3). 

In both Segbwema, and Sumbuya, the severity scores for the groundnut flower thrips were 40% higher in the 

sole plots compared to the cassava-groundnut system. Furthermore, the mean severity score for the groundnut 

flower thrips across the cropping system, spatial arrangement, and plant architecture was also observed to vary 

significantly with Makeni in the savannah woodland (5.00) recording the highest followed by Segbwema in the 

forest zone (3.30) and Sumbuya in the transitional rain forest zone (3.30) (Table 3). In addition, the three-way 

interactions among cropping system x spatial arrangement x plant architecture with respect to severity of   

groundnut flower thrips were not significant (P > 0.05). 

 

3.3. Soybean Insect Pest 

Foliage beetle incidence at Makeni representing the savannah woodland was significantly different (P < 0.05) 

with respect to cropping system; but was not significantly different (P > 0.05) concerning spatial arrangement and 

architecture of cassava (Table 4). The sole soybean system recorded the highest incidence (83.99%) of the foliage 

beetle compared to the cassava-soybean system. In general, the percentage incidence of the foliage beetle across 

cropping system, spatial arrangement and plant architecture range from moderate (49.42%) to high (83.99%). 

For the agro-climatic zone in Segbwema, significant differences in foliage beetle incidences were not recorded 

with respect to the cropping system, spatial arrangement, and plant architecture. Percentage incidences were 

generally very high ranging from 94.17%-100%. 

In Sumbuya representing the transitional rain forest zone, significant differences in leaf beetle incidence were 

recorded only with respect to plant architecture with the branch cassava architecture recording the highest 

incidence (94.58 %) compared to the erect type (80.65 %) (Table 4). 
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Table 2.  Effect of cropping systems (CS), spatial arrangement of cassava (SA), and plant architecture of cassava (PA) on the incidence of groundnut insect pests with respect to agro-climatic zone over a 
two year cropping season. 

Agro-climatic zones 

Savannah woodland (Makeni) Rain forest (Segbwema) Transitional rain forest (Sumbuya) 

Parameter Groundnut insect pests Groundnut insect pests Groundnut insect pests 

Leaf miner 
incidence (%) 

 Groundnut flower 
thrips incidence (%) 

Leaf miner 
incidence (%) 

Groundnut flower 
thrips incidence (%) 

Leaf miner 
incidence (%) 

Groundnut flower thrips 
incidence (%) 

Cropping system 
Sole- groundnut 34.58a 49.84a 34.00a 47.67a 6.21a 44.00 a 
Cassava-groundnut 34.15a 36.16b 19.65b 17.24b 6.21a 20.59 b 
Mean 
Spatial arrangement 
1 m x 1 m 

34.37a 
 

31.88b 

43.00a 
 

35.79a 

26.83ab 
 

12.89b 

32.46b 
 

16.13a 

6.21b 
 

1.33b 

32.30 b 
 

20.63 a 
2 m x 0.5 m 37.80a 36.24a 27.25a 18.22a 12.87a 20.56 a 
Mean 34.84a 36.02a 20.07b 17.18b 7.10c 20.60 b 
Plant architecture 
Erect 33.07a 33.29a 12.71b 12.57b 2.52a 13.00 b 
Branch 35.42a 39.50a 24.50a 20.50a 10.44b 29.13 a 
Mean 34.25a 36.40a 18.61b 16.54b 6.53c 21.07 b 

Note: Means in column with the same letter are not significantly different at P˃0.05 (SNK). 
“a and b” indicates that the means are significantly different at P<0.05 

 

Table 3.  Effect of cropping systems (CS), spatial arrangement of cassava (SA), and plant architecture of cassava (PA) on the severity of groundnut insect pests with respect to agro-climatic zone 
over a two year cropping season. 

Agro-climatic zone 

 Savannah woodland (Makeni) Rain forest (Segbwema) Transitional rain forest 
(Sumbuya) 

Parameter Groundnut insect pests Groundnut insect pests Groundnut insect pests 

Leaf miner 
Severity 

Groundnut flower 
thrips severity 

Leaf miner 
severity 

Groundnut flower thrips 
severity 

Leaf miner 
incidence (%) 

Groundnut flower thrips 
severity 

Cropping system 
Sole- groundnut 3.00 a 5.00 a 3.00 a 5.00 a 2.00 a 5.00 a 
Cassava-groundnut 3.00 a 5.00 a 2.00 b 3.00 b 2.00 a 3.00 b 
Mean 
Spatial arrangement 
1 m x 1 m 

3.00 a 
3.00 a 

5.00 a 
5.00 a 

2.50 a 
2.00 b 

4.00 b 
3.00 a 

2.00 b 
2.00 a 

4.00 b 
3.00 a 

2 m x 0.5 m 3.00 a 5.00 a 3.00 a 3.00 a 2.00 a 3.00 a 
Mean 3.00 5.00 2.50 3.00 2.00 3.00 
Plant architecture 
Erect 3.00 a 5.00 a 2.00 b 3.00 a 2.00 a 3.00 a 
Branch 3.00 a 5.00 a 3.00 a 3.00 a 2.00 a 3.00 a 
Mean 3.00 5.00 2.50 3.00 2.00 3.00 

Note: Means in column with the same letter are not significantly different at P˃0.05 (SNK). 
Severity of damage score of groundnut leaf miner:  1 = no damage, 2 = 1-20% leaf damage, 3 =21-40% leaf damage, 4 = 41-60% leaf damage and 5= 61-100% leaf damage [22]. 
Severity damage score of groundnut flower thrip:1-10% = no damage to damage , 3 =  11-30% damage, 5 =  31-50% damage, 7 =  51-70% damage and 9=  71-100% damage  [25]. 
“a and b” indicates that the means are significantly different at P<0.05 
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Table 4. Effect of cropping systems (CS), spatial arrangement of cassava (SA), and plant architecture of cassava (PA) on soybean insect pest with respect to agro-climatic zone over a two year 

cropping season. 

Agro-climatic zones 

Parameter Makeni Segbwema Sumbuya 

Soybean insect pests Soybean insect pests Soybean   insect pests 

Foliage beetle 
incidence (%) 

Foliage beetle 
severity 

Foliage beetle 
incidence (%) 

Foliage beetle 
severity 

Foliage beetle 
incidence (%) 

Foliage beetle 
severity 

Cropping system 
Sole- soybean 83.99  a 3.10a 100.00a 2.63a 85.98a 2.21a 
Cassava-soybean 51.15  b 1.90b 94.17a 2.46a 84.31a 2.14a 
Mean 
Spatial arrangement 
1 m x 1 m 

67.57 c 
52.07  a 

2.50a 
1.94a 

97.09a 
100.00a 

2.55a 
2.53a 

85.15b 
86.11a 

2.18 b 
2.34a 

2 m x 0.5 m 51.96  a 1.87a 100.00a 2.39 a 85.57a 2.12a 
Mean 52.05 c 1.91b 100.00a 2.46 a 85.84b 2.23 a 
Plant architecture 
Erect 52.64 a 1.95 a 100.00a 2.60 a 80.65b 2.23 a 
Branch 49.42 a 1.89  a 100.00a 2.34 a 94.58a 2.15  a 
Mean 51.03 c 1.92 b 100.00a 2.47 a 87.62b 2.19 a 

Note: Means in column with the same letter are not significantly different at P˃0.05 (SNK). 
Severity score of foliage beetle  1 = 0-20% of foliage consumed, 2 = 21 – 40% of foliage consumed, 3 = 41 – 60% of foliage consumed, 4 = 61 – 80% of foliage consumed and 5 =  81- 100% of foliage. 
“a and b” indicates that the means are significantly different at P<0.05 

                                           



International Research Journal of Insect Sciences, 2022, 7(1): 20-33 

 

 
30 

© 2022 Conscientia Beam. All Rights Reserved. 

Concerning the severity score, significant differences were not observed across cropping system, spatial 

arrangement, and plant architecture for the agro-climatic zones in Segbwema and Sumbuya. However, significant 

differences (P < 0.05) were observed in the severity of the foliage beetle concerning the cropping system at Makeni 

representing the savannah woodland where in the sole-soybean (3.10) system registered higher severity score 

compared to the cassava-soybean system (1.90) (Table 4). 

 

4. DISCUSSION 

Significantly lower insect pest populations were recorded when legumes were intercropped with cassava 

compared to the sole legumes. This result conforms to the findings of Olufemi and Odebiyi [26] for the cowpea-

maize intercropping system. Schulthess, et al. [27] also reported a significantly low level of infestation by insect 

pests when maize was intercropped with cassava. In addition, Epidi, et al. [28] also reported low pest incidence 

when rice was intercropped with groundnut. Furthermore, Kennedy and Raveendran [29] reported reduced 

incidence and severity of leaf miner, leafhopper, and thrips, when groundnut was intercropped with peral millet. In 

addition, Legese and Gobeze [30] reported a 12% decrease in the incidence of pests and diseases and an 8% increase 

in production when bean was intercropped with cassava. Furthermore, Up to 30% crop pest reduction was reported 

by Baliddawa [31] due to the effect of natural enemies in intercropping systems. Also, work done by Risch, et al. 

[32] and Theis and Tscharntke [33] reported lower crop pest densities in intercropping systems compared to 

monoculture. 

Several research findings have reported a considerable reduction in insect pest population in intercropping 

systems compared to sole cropping [9]. Also, a review by Andow [34] involving 209 studies of intercropping 

systems shows that, insect pest incidences were 52% lower in intercropping systems compared to monocultures.   

 Various reasons have been adduced for the decrease in pest populations under different intercropping systems. 

One such reasons for the decrease of pest populations in intercropping systems could be attributed to the disruption 

of the insect’s visual and olfactory responses [35, 36] because of the introduction of a second crop into the cropping 

system.  Research conducted by Root [37] and Andow [34] have shown that insect pests are more likely to find 

and spend more time in monocultures compare to polycultures. Furthermore, Vandermeer [9] opined that, the 

presence of a second host crop may disrupt the host selection behavior of insect pests. Another possible reason is 

that intercropping contributes to the diversity of the agro-ecosystem, which results in the modification of the 

habitat, which can influence the population build-up of insect pests [38]. Also, Jankowska [39] reported that 

diverse agro-ecosystem created by multiple cropping tends to increase the number of natural enemies. Herrera [40] 

also showed that intercropping systems could increase the level of insect diversity which helps in stabilizing the 

buildup of pests of certain crops.  For example, Dhaliwal and Arora [41] reported an increased in population of 

Gonizous sp., a parasitoid that effectively controls the population of groundnut leaf miner when groundnut was 

intercropped with pearl millet. Also, work done by Chabi-Olaye, et al. [42] reported a drastic reduction in the 

number of eggs produced by Sesamia calamistis  and Busseola fusca  as a result of the difficulty in locating the host by 

the ovipositing adult moths when maize was intercropped with grain legumes or cassava. Furthermore, Perfect, et 

al. [43] in Nigeria and Karel, et al. [44] in Tanzania reported a considerable reduction in populations of Empoasca 

olichi, and Ootheca mutabilis when cowpea was intercropped with maize. Also, Nigussie and M. S. Reddy [45] 

reported a significantly higher incidence of stem borers and earworms in sole maize compared to the maize-bean 

intercropping in Ethiopia.  

With respect to spatial arrangement and architecture of cassava, significant differences were not recorded in 

the number of insect pests and the incidences and severity of the assessed insect pest of the grain legumes. 

However, slightly higher incidences and severity scores were recorded with respect to the 2 m x 0.5 m spatial 

arrangement of cassava than the 1 m x 1 m spatial arrangement. The possible reason for this could be the high 

population density of legumes in the 2 m x 0.5 m spatial arrangement compared to the 1 m x1 m arrangement. This 
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shows that the more the plants are clustered together, the more the spread and establishment of the pest. The above 

observation conforms to the findings of [46].  

For plant architecture, the high humidity created by the broad canopy of the branch cassava variety may have 

provided a conducive environment for the development of the assessed pests. 

 

5. CONCLUSIONS 

The study has revealed that intercropping cassava with grain legumes decreased the number of pests per 

flower, percentage incidence, and severity of legume insect pests compared to the sole legumes. Also, the number of 

pests per flower, percentage incidence, and severity of legumes pests were on average lower when the legumes were 

intercropped with the erect cassava variety using the 1 m x 1m spatial arrangement of cassava. Furthermore, with 

the exception of the number of cowpea flower thrips per flower that was higher in Segbwema representing the 

forest zone, the number of insect pests per flower and the percentage incidences of the remaining legumes insect 

pests were all higher in Makeni representing the savannah woodland.   

 

Funding: This research is supported by the African Development Bank (Grant number: 2100155022217). 
Competing Interests: The authors declare that they have no competing interests.  
Authors’ Contributions: All authors contributed equally to the conception and design of the study. 

 

REFERENCES 

[1] D. Mbanzibwa, Y. Tian, A. Tugume, B. Patil, J. Yadav, B. Bagewadi, M. Abarshi, T. Alicai, W. Changadeya, and J. 

Mkumbira, "Evolution of cassava brown streak disease-associated viruses," Journal of General Virology, vol. 92, pp. 974-

987, 2011. 

[2] B. J. Alves, R. M. Boddey, and S. Urquiaga, "The success of BNF in soybean in Brazil," Plant and Soil, vol. 252, pp. 1-9, 

2003.Available at: https://doi.org/10.1023/a:1024191913296. 

[3] S. A. Tarawali, B. B. Singh, S. C. Gupta, R. Tabo, F. Harris, and S. Nokoe, Cowpea as a key factor for a new approach to 

integrated crop-livestock systems research in the dry savannas of West Africa”, In: Fatokun CA, Tarawali SA, Singh BB, 

Kormawa PM, Tamo M, editors. Challenges and opportunities for enhancing sustainable cowpea production. Ibadan: IITA, 

2003. 

[4] S. R. Singh, L. E. N. Jackai, J. H. R. Dos Santos, and C. B. Adalla, Insect pests of cowpea. In insect pests of tropical food 

legumes (Edited by S. R. Singh). Chichester, Sussex: John Wiley and Sons, 1990. 

[5] L. Bedoussac and E. Justes, "A comparison of commonly used indices for evaluating species interactions and intercrop 

efficiency: Application to durum wheat–winter pea intercrops," Field Crops Research, vol. 124, pp. 25-36, 2011.Available 

at: https://doi.org/10.1016/j.fcr.2011.05.025. 

[6] H. Hauggaard-Nielsen, B. Jørnsgaard, J. Kinane, and E. S. Jensen, "Grain legume–cereal intercropping: The practical 

application of diversity, competition and facilitation in arable and organic cropping systems," Renewable Agriculture and 

Food Systems, vol. 23, pp. 3-12, 2008.Available at: https://doi.org/10.1017/s1742170507002025. 

[7] G. M. Gurr, S. D. Wratten, and J. M. Luna, "Multi-function agricultural biodiversity: Pest management and other 

benefits," Basic and Applied Ecology, vol. 4, pp. 107-116, 2003.Available at: https://doi.org/10.1078/1439-1791-00122. 

[8] K. Fujita, K. Ofosu-Budu, and S. Ogata, "Biological nitrogen fixation in mixed legume-cereal cropping systems," Plant 

and soil, vol. 141, pp. 155-175, 1992.Available at: https://doi.org/10.1007/bf00011315. 

[9] J. Vandermeer, The ecology of intercropping. Cambridge, UK: Cambridge University Press, 1989. 

[10] T. T. Silwana and E. Lucas, "The effect of planting combinations and weeding on the growth and yield of component 

crops of maize/bean and maize/pumpkin intercrops," The Journal of Agricultural Science, vol. 138, pp. 193-200, 

2002.Available at: https://doi.org/10.1017/s0021859601001861. 

[11] B. O. Ogola, C. Mathews, and S. M. Magongwa, "The productivity of cassava-legume intercropping system in a dry 

environment in Nelspruit, South Africa”, African Crop Science," in 421 Conference Proceedings, 2013, p. 61.65. 



International Research Journal of Insect Sciences, 2022, 7(1): 20-33 

 

 
32 

© 2022 Conscientia Beam. All Rights Reserved. 

[12] M. M. Amanullah, E. Somasundaram, K. Vaiyapuri, and K. Sathyamoorthi, "Intercropping in cassava–a review," 

Agricultural Reviews, vol. 28, pp. 179-187, 2007.Available at: https://doi.org/10.1016/0378-4290(92)90083-l. 

[13] V. Langer, J. Kinane, and M. Lyngkjær, Intercropping for pest management”: The ecological concept. In: Ecologically based 

integrated pest management. Koul, O and Cupreus, GW (eds.). Wallingford, UK: Cabi Publishing, 2007. 

[14] Gabriele, "Natural crop protection in the tropic. Retrieved from: htt//www.naturalcropprotection.margraf-

verlage.de/intercrop.htm," 2003. 

[15] T. H. Seran and I. Brintha, "Review on maize based intercropping," Journal of Agronomy, vol. 9, pp. 135-145, 

2010.Available at: https://doi.org/10.3923/ja.2010.135.145. 

[16] S. Asante, M. Tamo, and L. Jackai, "Integrated management of cowpea insect pests using elite cultivars, date of 

planting and minimum insecticide application," African Crop Science Journal, vol. 9, pp. 655-665, 2001.Available at: 

https://doi.org/10.4314/acsj.v9i4.27587. 

[17] S. M. Kanteh, J. E. Norman, and J. Kamara, "Effect of plant density and weeding regime on population and severity of 

aphids (Aphis craccivora Koch) and foliage beetles (Ootheca mutabilis Sahl) on cowpea in Sierra Leone," International 

Journal of Agriculture and Forestry, vol. 4, pp. 24-33, 2014. 

[18] M. T. Keerati-Kasikorn, S. Satayavirut, Sirisingha, and S. Pitak, "Research on insect pests of peanut until 1989," in 

Proceedings of 9th Thailand National Groundnut Meeting, Thailand, Philippines, 1990, pp. 155-169. 

[19] S. Ramani and S. Lingappa, "Evaluation of soybean germplasm for resistance to leaf miner, Aproaerema modicella 

(Deventer) (Lepidoptera: Gelechiidae)," Karnakata Journal of Agricultural Science, vol. 2, pp. 76-81, 1988. 

[20] M. Namara, "Resistance of soybean germplasm to the groundnut leaf miner (Aproaerema modicella) in Uganda, 

RUFORUM. Retrieved from: http://repository.ruforum.org/documents/resistance-soybean-germplasm-groundnut-

leaf-miner-aproaerema-modicella-uganda. [Accessed 14 March 2018]," 2018. 

[21] A. Pavviya and N. Muthukrishnan, "Field evaluation of methoxyfenozide 24 SC against leaf miner, Aproaerema 

modicella (Deventer) and its effect on predatory coccinellids of groundnut," Legume Research, vol. 40, pp. 949-954, 

2017. 

[22] Y. V. Praveen, Y. K. Kotikal, J. S. Awaknava, and P. V. Kenchangoudar, "Screening of groundnut varieties against leaf 

miner, Aproaerema modicella Deventer," Karnataka Journal of Agricultural  Sciences, vol. 24, pp. 561-563, 2011b. 

[23] I. SAS, The SAS system for windows. Release 9.4. USA: Cary. NC, 2014. 

[24] R. G. D. Steel and J. H. Torrie, Principles and procedures of statistics’, A biometrical approach, 2nd ed. New York: McGraw-

Hill, 1980. 

[25] M. Keerati-kasikorn and P. Singha, "Evaluation of groundnut lines for insect resistances," in In Proceedings of 6th 

Thailand National Groundnut Meeting. Prince of Songkla University, Songkla and the Talebun National park, Satul (pp. 13-

17), 1987. 

[26] P. O. Olufemi and J. Odebiyi, "The effect of intercropping with maize on the level of infestation and damage by pod-

sucking bugs in cowpea," Crop Protection, vol. 20, pp. 367-372, 2001.Available at: https://doi.org/10.1016/s0261-

2194(00)00135-6. 

[27] F. Schulthess, A. Chabi-Olaye, and S. Gounou, "Multi-trophic level interactions in a cassava–maize mixed cropping 

system in the humid tropics of West Africa," Bulletin of Entomological Research, vol. 94, pp. 261-272, 2004.Available at: 

https://doi.org/10.1079/ber2004296. 

[28] T. Epidi, A. Bassey, and K. Zuofa, "Influence of intercrops on pests’ populations in upland rice (Oriza sativa L.)," 

African Journal of Environmental Science and Technology, vol. 2, pp. 438-441, 2008. 

[29] F. Kennedy and T. Raveendran, "Intercropping minimizes pest incidence," Oil Seeds Newsl, vol. 3, pp. 3-4, 1989. 

[30] H. Legese and L. Gobeze, "Identification of suitable legumes in cassava (Manihot esculenta Crantz)-Legumes 

intercropping," African Journal of Agricultural Research, vol. 8, pp. 2559-2562, 2013. 

[31] C. Baliddawa, "Plant species diversity and crop pest control," International Journal of Tropical Insect Science, vol. 6, pp. 

479-487, 1985.Available at: https://doi.org/10.1017/s1742758400004306. 

http://www.naturalcropprotection.margraf-verlage.de/intercrop.htm,
http://www.naturalcropprotection.margraf-verlage.de/intercrop.htm,
http://repository.ruforum.org/documents/resistance-soybean-germplasm-groundnut-leaf-miner-aproaerema-modicella-uganda
http://repository.ruforum.org/documents/resistance-soybean-germplasm-groundnut-leaf-miner-aproaerema-modicella-uganda


International Research Journal of Insect Sciences, 2022, 7(1): 20-33 

 

 
33 

© 2022 Conscientia Beam. All Rights Reserved. 

[32] S. J. Risch, D. Andow, and M. A. Altieri, "Agroecosystem diversity and pest control: Data, tentative conclusions, and 

new research directions," Environmental Entomology, vol. 12, pp. 625-629, 1983.Available at: 

https://doi.org/10.1093/ee/12.3.625. 

[33] C. Theis and T. Tscharntke, "Landscape structure and biological control in agroecossystems," Science, vol. 285, pp. 

893-895, 1999.Available at: https://doi.org/10.1126/science.285.5429.893. 

[34] D. Andow, "Vegetational diversity and arthropod population response," Annual Review of Entomology, vol. 36, pp. 561-

586, 1991. 

[35] T. A. Taylor, "Mixed cropping as an input in the management of crop pests in tropical Africa," African  Environment, 

vol. 2, pp. 111-126, 1977. 

[36] L. Jackai, S. Singh, A. Raheja, and F. Wiedijk, "Recent trends in the control of cowpea pests in Africa, In Cowpea 

Research, Production and Utilization (Edited by S. R. Singh and K. O. Rachie)," ed Chichester: John Wiley and Sons, 

1985, pp. 233-243. 

[37] R. B. Root, "Organization of a plant-arthropod association in simple and diverse habitats: The fauna of collards 

(Brassica oleracea)," Ecological Monographs, vol. 43, pp. 95-124, 1973.Available at: https://doi.org/10.2307/1942161. 

[38] E. O. Omolo and K. V. Seshu Reddy, "Effect of different sorghum-based cropping systems on insect pests in Kenya," In 

Proceedings of the International Sorghum Entomology Workshop, 1984. 

[39] B. Jankowska, "Impact of intercropping white cabbage with Pot Marigold (Calendula officinalis L.) and French 

Marigold (Tagetes patula nana) on the occurrence of cabbage aphid (Brevicoryne brassicae L.), its parasitoid 

Diaeretiella rapae M’Intosh and predatory Syrphidae," Aphids and Other Hemipterous Insects, vol. 13, pp. 199-209, 2007. 

[40] W. A. T. Herrera, "Corn-legume combinations: recent IRRI multiple cropping results," presented at the In 6th Annual 

Conf. UPLB-NFAC intensified Corn Production Program, Univ. Philippines, Los Banos, 1975. 

[41] G. S. Dhaliwal and R. Arora, Trends in agricultural pest management. New Delhi: Common Wealth Publishers, 1998. 

[42] A. Chabi-Olaye, C. Nolte, F. Schulthess, and C. Borgemeister, "Abundance, dispersion and parasitism of the stem borer 

Busseola fusca (Lepidoptera: Noctuidae) in maize in the humid forest zone of Southern Cameroon," Bulletin of 

Entomological Research, vol. 95, pp. 169-177, 2005.Available at: https://doi.org/10.1079/ber2004347. 

[43] T. J. Perfect, A. G. Cook, and B. R. Critchley, Effects of intercropping on pest incidence. lbadan, Nigeria: IITA, 1978. 

[44] A. K. Karel, D. A. Lakhani, and B. J. Ndunguru, "Intercropping of maize and cowpeas: Effect of plant populations on 

insect pests and seed yield," in In Intercropping: Proceedings of the Second Symposium on Intercropping in Semi-Arid Areas, 

held at Morogoro, Tanzania, 4-7 Aug. 1980. IDRC, Ottawa, ON, CA, 1982. 

[45] T. Nigussie and M. S. Reddy, "Performance of maize-bean intercropping systems under low and medium rainfall 

situations: Insect pest incidence”. In: Eshetu B., Abdurahman A. and Aynekulu Y. (eds.)," in Proceedings of the Third 

Annual Conference of the Crop Protection Society of Ethiopia, Adis Ababa, 1996. 

[46] S. O. Emosairue, G. E. Nwofia, and S. B. A. Umuetok, "Observation on the insect complex associated with cowpea 

(Vigna unguiculata (L.) Walk in Umudike, South-eastern Nigeria," Journal of Sustainable Agriculture and the 

Environment, vol. 6, pp. 38-43, 2004. 

  

  

 

Views and opinions expressed in this article are the views and opinions of the author(s), International Research Journal of Insect Sciences shall not be 
responsible or answerable for any loss, damage or liability etc. caused in relation to/arising out of the use of the content. 

 

 


