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ABSTRACT 

The research assessed the potentiality of four insecticidal plants (Dysphania ambrosoides, 

Hyptis Suavelons, Ocimum suave and Sphaeranthus suaveolens) with field margin in 

attracting natural enemies, controlling insect pests and their contribution on yields in 

common bean production. The study findings indicated that field margins with Ocimum 

suave significantly (P ≤ 0.001) attracted more natural enemies than the other three 

insecticidal plants. Also, there was a significance (P≤0.001) difference in incidence and 

severity of foliage pest damage across the treatments. Less incidence and severity of foliage 

pest damage was recorded in Ocimum suave treatment while the highest incidence and 

severity of foliage pest damage was recorded in the control. Results on yields parameters 

were significantly different (P ≤ 0.001) across the treatments in which Ocimum suave had 

significantly number of pod per plants, number of seeds per plants, 100 seed weight and grain 

yield (Kg/ha) as compared with the control. The study findings demonstrated the 

effectiveness of field margin plants in attracting natural enemies, reducing pest incidence and 

severity of foliage damage as well as increasing bean yields. Therefore, the use of field 

margins with desired insecticidal properties can offer a sustainable way to conserve natural 

enemies and control insect pest in agricultural ecosystems.  
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CHAPTER ONE 

INTRODUCTION   

1.1 Background Information  

Field margins are areas of  that are not cultivated surrounding the adjacent crops (Landis et 

al., 2005; Ingrao et al., 2017).  They may be used to alter the soil structure of adjacent soil 

fields in terms of soil fertility (Thomas et al., 1991; Dauber and Wolters, 2005; 

Chaplin‐Kramer et al., 2011; González et al., 2017). Morover, they are significant to 

agriculture production because  they can act as windbreak and erosion control in agricultural 

fields (Markwardt, 2005). Additionally, the presence of flowering plants in the field margins 

may facilitate the attraction of insects including natural enemies and pollinators by providing 

pollen, alternative prey, nectar and shelter which may favor their survival in the field (Landis 

et al., 2000; Amaral et al., 2013; Blaauw and Isaacs, 2015). 

 For instance, natural enemies such as ladybirds, spiders, lacewings and hoverflies use nectar 

and pollen to support their different life stages (Wäckers et al., 2008; Lu et al., 2014; 

Mansion‐Vaquié et al., 2017). The availability of nectar sources and other carbohydrate in 

field margin play a big role in the longevity and fecundity of parasitoids (Baggen and Gurr, 

1998; Siekmann et al., 2001; Khan et al., 2008). This may increase the effectiveness of 

natural enemies in controlling insect pest population in crop fields (Géneau et al., 2012; 

Jamont et al., 2014; Bischoff et al., 2016). For instance, natural enemies such as chrysopids, 

coccinellids, syrphids, and parasitoids are known to use nectar to be able to move from field 

margin to crop fields to control insect pests in crop fields (Bianchi et al., 2006). 

Natural enemies population can increase from 71% up to 80% when woody and herbaceous 

habitats respectively are supplemented to crop fields (Bianchi et al., 2006; Penn, 2018). The 

occurrence of flowers in field margins has been  reported to have a big contribution in pest 

control in both field margins and interior fields (Blaauw and Isaacs, 2012; Balzan and 

Moonen, 2014; Mansion‐Vaquié et al., 2017) where they play the great role in the increase of 

the abundance of natural enemies consequently control destructive insect  pests and weeds in 

field crops (Booman et al., 2009; Birthisel et al., 2015). For instance, spiders have been 

reported to move from field margin habitats into crop fields and reduce pest damage in crops 

through feeding on insect pests of their favour (Kuusk and Ekbom, 2012). 
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The availability of resources such as pollen and nectar provided by field margin or non-crop 

habitats has been reported to support spiders to move into crop fields for controlling insect 

pests (Gavish-Regev et al., 2008; Nyffeler et al., 2016). For instance, studies have shown that 

the codling moth control by spiders was very high in the orchard fields bordered by field 

margin plants (Lefebvre et al., 2016). Furthermore, the presence of field margins with 

vegetation composed of Cornus spp., Urtica spp., Ilex spp., Crataegus spp., Fraxinus spp., 

and Vaccinium spp. may support natural enemies such as parasitoids and predators to get 

their prey which may result to the enhancement of biological control (Bianchi et al., 2006).  

The suppression of crop pests by natural enemies can be economical because it save  from  

€40 to €74 billion globally (Balzan, 2017). In addition, natural enemies can offer a 

sustainable for pest control which may be eco-friendly in agriculture production and reduces 

yield losses without causing a negative impact to the environment, human and biodiversity as 

synthetic pesticides (Bianchi et al., 2006; Tschumi et al., 2016). 

Some flowering plants found in the field margins or natural habitats may provide the food to 

the insect pests and natural enemies as well (Bianchi et al., 2006). However, field margins 

have been blamed to harbour some destructive crop pests such as mammals such as rodents 

which may spread foodborne pathogens to human and infect food crops with rodent faecal 

(Sellers et al., 2018), birds and other pests (Bianchi et al., 2006).  This may result later to 

increase the cost of production to the farmer in order to control these pests, higher damage to 

the fields crops and reduce crop yields as well. 

To prevent the aforementioned problems brought by field margins, most farmers have 

removed natural habitats or field margins from their farms to reduce the pest abundance and 

crop infestation caused by insect pests in order to secure crop yields (Sellers et al., 2018). 

However, it still remains unclear how habitat modification, including the use of field margins, 

may attract natural enemies, control crop pests and increase crop yields in adjacent crops 

without harbouring insect pests which destroy crops. Therefore, the specific composition of 

the plants in the field margins can be an important factor for the potential pest suppression 

and natural enemies’ attraction of non-crop habitats or field margins. Field margins with 

insecticidal plants can be a potential solution of aforesaid problems of field margins because 

insecticidal plants can emit volatile compounds of the volatile chemicals which can attract 

natural enemies (Khan et al., 2008), at the same time repelling insect pests in crop fields 

(Mkindi et al., 2015) in the crop fields. 
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The use of field margins with insecticidal plants can be a good option for small-scale farmers 

because it can offer dual advantages of controlling insect pests in crop fields such as repelling 

destructive crops pests and enhancement of biological control by attracting natural enemies. 

This may contribute to the reduction of insect pest abundance in the fields, less crop 

infestation due to insect pests and boost crop yields. Therefore, the current study assessed the 

potentiality of field margin with insecticidal plants involving Dysphania ambrosoides, Hyptis 

suaveolens, Ocimum suave and Sphaeranthus suaveolens in attracting natural enemies and 

controlling insect pests in common bean production.  

1.2 Problem Statement and Justification 

Insect pests have been reported as the main constraints of common bean production in 

Tanzania (Mkenda and Ndakidemi, 2014; Getu, 2009). Synthetic pesticides are commonly 

used to control bean insect pest, however they pose challenges related to their use including 

health effects to humans, negative impact on non-target insects such as natural enemies and 

pollinators (Kumar, 2015). This has resulted in a considerable decline of natural enemies and 

pollinators in the last decades globally (Kevan, 1999). Thus, as an alternative to synthetic 

pesticides, the use of botanical pesticides has been adopted and is currently under 

consideration by several researchers (Sola et al., 2014; Zoubiri and Baaliouamer, 2011). 

Botanical pesticides are believed to have a minor impact on the environment since they are 

easily degradable by soil microbes, they do not leave residues in the soil or crop after 

application, and they do not harm beneficial insects such as natural enemies and pollinators 

(Khater, 2012; Mwanauta et al., 2015).  

There are considerable reports indicating that insecticidal plants can repel insect pests when 

intercropped with crop plants or when in association in mix-cropping (Khater, 2012). 

However, little is known on the effect of field margin plants with insecticidal properties in 

attracting natural enemies and hence controlling insect pests. This study, therefore, aims at 

assessing the potential of using insecticidal plants as field margin in attracting natural 

enemies while simultaneously controlling insect pests in common bean farming ecosystems. 

1.3 Objectives 

1.3.1 General Objective 

To assess the effects of annual field margin insecticidal plants in attracting natural enemies 

and controlling insect pests in common bean production. 
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1.3.2 Specific Objectives     

(i) To determine the effects of selected field margin plants on the abundance of natural 

enemies in common bean fields. 

(ii) To quantify insect pests abundance and their damage level in common bean plots 

surrounded by insecticidal plants. 

(iii) To determine the effect of field margins with an insecticidal plant on yield and yield 

components of common bean. 

1.4 Research Questions 

(i) Will the abundance of natural enemies increase in bean fields surrounded by selected 

field margin plants with pesticidal properties? 

(ii) Is there a reduction of insect pests and their damage in bean plot surrounded by 

insecticidal plants? 

(iii) What are the effects of field margin plants with insecticidal properties on yield and 

yield components of common bean? 

1.5 Significance of the Study 

(i) Provide data on the insecticidal plants that can increase the abundance of beneficial 

insects in the ecosystem and contribute in reducing insect pest damage in bean fields. 

(ii) Promote the use of biological control and maintain the ecosystem services in 

agricultural production systems. 

(iii) Set a basis for further research on field margin insecticidal plants. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Common Bean Production in Tanzania 

Tanzania is ranked among the top twenty common bean (Phaseolus vulgaris L.) producing 

countries in the world and the second in sub-Saharan Africa after Kenya (Hillocks et al., 

2006; Mkenda et al., 2014). The common bean are largely cultivated in northern, western and 

southern highland regions of Tanzania (Hillocks et al., 2006; Mwanauta et al., 2015). In 

Tanzania, common bean  are the main source of  dietary protein, calories, dietary fibres, and 

also minerals such as calcium, copper, magnesium, manganese, iron, zinc and many 

micronutrients and phytochemicals which are key elements for mental development and they 

are source of income and nutrition for producers (Tryphone et al., 2013). 

The predictable annual production of bean in Tanzania is about 300 000 tones, meaning  82% 

of the total production of pulses (Tryphone et al., 2013). Likewise, the estimated average 

production of common bean is 982.5 Kg/ ha which is lower compared with the potential yield 

production that varies between 1500 - 3000 Kg/ha (Hillocks et al., 2006). This low output is 

attributed to many factors such as poor seed quality, poor performance of the local landraces,  

pests and diseases, low soil fertility, drought, and poor crop management, like late weeding 

(Hillocks et al., 2006). Of these, insect pests such as bean stem maggot (Ophiomyia 

phaseoli), ootheca (Ootheca benigni) and aphids (Aphis fabae) have been identified as the 

main constraints to common bean  production (Mwanauta et al., 2015). These insect pests  

are  important factors for the reduction in quality of common bean development and  

responsible for signified losses in yield (Getu, 2009; Mkenda et al., 2014).                                                         

Synthetic pesticides  have been used to control insect pests in bean fields however they have 

been reported to have various negative effects to beneficial insects and insect pests do resist 

to them which make most synthetic pesticides to be ineffective in controlling insect pests 

(Raghavendra et al., 2016; Moshi and Matoju, 2017). This has raised a concern to develop 

new approaches which can control insect pests in a sustainable way. Field margins with 

insecticidal plants can be a promising approach to control insect pests in agricultural 

production because insecticidal plants have the capacity to repel insect pests and attract 

natural enemies in the crop fields at the same time. However, there are few studies on the use 

of field margins with insecticidal plants in controlling insect pests in agricultural crops. 
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Therefore, further research are encouraged to assess the potentiality of field margins with 

insecticidal plants in controlling crop insect pests in agricultural production.  

2.2 Natural Enemies and their Roles in Agriculture Production 

 Natural enemies such as predators and parasitoids attack and feed on other insects, 

particularly on insect pests of plants (Symondson et al., 2002; Dainese et al., 2017). Predators 

belong to several insect orders and are generally characterized as free-living, mobile, larger 

than their insect prey, and are able to consume several preys throughout their life cycle 

(Getanjaly et al., 2015). Parasitoids mainly belong to two orders Hymenoptera and Diptera, 

and their host ranges are considered to be more specialized than that of a predator. Free-living 

adult parasitoids seek out a host, and depending on the parasitoid species, parasitize different 

life stages of their host (i.e. egg, larva, and pupa, adult). Parasitoids can lay an egg (solitary) 

or several eggs (gregarious) on or within their host and the immature parasitoids feed on their 

host to complete development, kill their host, and emerge as a free-living adult (Getanjaly et 

al., 2015).  

In agricultural landscapes, natural enemies play a great role to prevent crop pests from 

reaching economically damaging levels (Safarzoda et al., 2014). For instance, it has been 

reported that natural enemies can control from 50-90% of insect pests found in the crop field 

which may contribute a lot in crop yields in agriculture production (Martin et al., 2013). In 

addition to this natural pest control, it is known to control 5-10 times compared to synthetic 

pesticides. Furthermore, it has been demonstrated that ground living natural enemies may 

increase the yield of spring barley to 303 Kg/ha (Östman et al., 2003). 

Although natural enemies can contribute in the reduction of crop pest and their infestation 

resulting to good yields of crops, still to date their role are not recognized by agriculture 

practitioners because they do not their importance and how to differentiate them from insect 

pests. However, there are limited studies on the roles of natural enemies in controlling insect 

pests in crop fields and their contribution to the yields. For this reason, further studies are 

encouraged to assess the importance of natural enemies in controlling pests and their 

contribution to crop yields in agriculture production systems. Also, studies on the awareness 

of farmers towards natural enemies have to be conducted in order to increase farmers’ 

awareness of natural pest control. 
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2.3 Effects of Agriculture Intensification on Beneficial Insects  

Agriculture intensification is a well-defined strategy for improving agricultural production 

per unit area through the use of high-yielding crop varieties, fertilization, irrigation, and 

pesticides resulting in the increase of food production over the past 50 years (Donald et al., 

2001). Although agricultural intensification boosted crop production, it modified agricultural 

landscapes in several ways, including the destruction and fragmentation of natural habitats, 

reduction in habitat diversity and increases in habitat disturbance (Bundschuh et al., 2012). 

Additionally, it has been blamed to have a negative impact on the environment because it has 

affected considerably the biodiversity during the last decade (Bundschuh et al., 2012). 

Furthermore, the intensive use of agrochemicals has been associated also with the reduction 

of beneficial insects such as natural enemies and pollinators in agricultural landscapes which 

are known to have a great contribution in agriculture production (Kevan, 1999).   

Considering the importance of beneficial insects in agricultural production there is an urgent 

need to maintain ecosystem services in agricultural production. The use of field margin with 

insecticidal plants can be a good option to recover and maintain beneficial insects in 

agricultural landscape because it may reduce the use of synthetic pesticide in agriculture 

production. However, there is little information on how use of field margin with insecticidal 

plants can attract beneficial insects such as natural enemies and pollinators and maintain the 

ecosystems services. Therefore further studies are encouraged to assess the potentiality of 

field margins with insecticidal plants in the attraction of natural enemies in the crop fields. 

2.4 Overview of Insecticidal Plants 

2.4.1 Dysphania ambrosoides 

Dysphania ambrosoides Mosyakin and Clemants (Chenopodiaceae, also known as its 

synonymous Chenopodium ambrosioides L (Zappi et al., 2015). It is a strongly aromatic, 

hairy, annual or perennial herb plant up to 1 m; leaves are oblong-lanceolate, sinuate dentate, 

with obscure petiolate, and small green flowers in dense terminal panicles with a 

camphoraceous odour originated in South America (Gadano et al., 2002; Tapondjou et al., 

2002). It is also cultivated in subtropical and sub-temperate regions, mostly for consumption 

as leafy vegetable and herb (Jardim et al., 2008). In the traditional medicine, Dysphania 

ambrosoides has been utilized as a diuretic, antifungal, wound healing, and in the treatment 
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of respiratory and inflammatory disorders (Kishore et al., 1996; Kumar et al., 2007; Jardim et 

al., 2008).  

The essential oils of Dysphania ambrosoides have anthelmintic worm expelling activities and 

insecticidal activities as well (Tapondjou et al., 2002; Potawale et al., 2008; Denloye et al., 

2010). Furthermore, D. ambrosioides  have been reported also to be used as a sedative and 

antipyretic, treatment of respiratory, urogenital, vascular, nervous disorders and for metabolic 

disturbances such as diabetes and hypercholesteromia (Gadano et al., 2006). Some authors 

demonstrated other different pesticidal properties found in D. ambrosoides  such as antiviral, 

antimalarial, molliscidal, antitumoral, nematocide, abortifiant, antifungal and antioxidant 

activities (Hmamouchi et al., 2000; Ruffa et al., 2002; MacDonald et al., 2004; Cruz et al., 

2007).  

Although Dysphania ambrosoides have been used as medicine traditionally in previous years 

due to the bioactive found in this plant however  there is limited information on the use of 

Dysphania ambrosoides as field margin in the attraction of natural enemies and controlling 

insect pest in agricultural production. Therefore, further research are encouraged to assess the 

potentiality of field margin with insecticidal plants in the attraction of natural enemies and 

controlling insect pests in agricultural production.  

2.4.2 Ocimum suave  

Ocimum suave (Wild.) (Labiatae) is an aromatic perennial shrub native to Africa and India 

but widespread in many parts of the tropics and different parts of the plant have traditionally 

been used for the control of various ailments and as insect repellents (Obeng-Ofori and 

Reichmuth, 1997). In  East Africa, farmers use dry leaves of Ocimum suave to control insect 

pests in stored products (Obeng-Ofori and Reichmuth, 1997). In addition, Ocimum suave has 

been used traditionally to treat stomach ache, cough, and influenza, haemorrhoids remedy 

and to perfume chewing tobacco and snuffs (Mwangi et al., 1995; Runyoro et al., 2010). 

Ground leaves and essential oil extract of Ocimum suave have been reported to be effective 

protectants of maize and sorghum against the attack of Sitophilus zeamais, Rhyzopertha 

dominica and Sitotroga cerealella in storage (Obeng-Ofori and Reichmuth, 1997). 

Even though, Ocimum suave have been showed efficacy in treating different disease in folk 

medicines and controlling insect pests in stored products and under laboratory conditions due 

to its effective bioactive compounds, there are limited studies on the use of filed margins with 
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Ocimum suave in the attraction of natural enemies in crop fields and controlling insect pests 

under field conditions. Therefore, other studies are encouraged to assess the potentiality of 

field margin with Ocimum suave in attracting natural enemies and controlling insect pests in 

crops fields. 

2.4.3 Hyptis suaveolens 

The plant Hyptis suaveolens (L.) Poit commonly known as Wilayati tulsi, a rigid sweetly 

aromatic herb belongs to the family Lamiaceae and is an ethnobotanically important 

medicinal plant (Poonkodi et al., 2017). Almost all parts of this plant has been used in 

traditional medicine to treat various diseases. The leaves of Hyptis suaveolens have been 

utilized as a stimulant, carminative, sudorific, galactagogue and as a cure for parasitic 

cutaneous diseases. Traditionally the leaves are used as a stimulant, jaundice, hyperthermia, 

breast abscesses, haemorrhoids, oral candidiasis, generalized oedema antispasmodic, against 

colds and diarrhoea (Danmalam et al., 2009; Shaikat et al., 2012). Various extracts from 

Hyptis suaveolens are known to contain secondary metabolites like sterols, flavonoids, 

alkaloids, saponins, terpenoids (Shenoy et al., 2009; Ngozi et al., 2014). 

The leaves of the plant have insecticide properties essentially against mosquitoes and 

Callosobruchus maculates and they are  also used as antiseptics in case of skin burns or 

wounds (Asekun et al., 1999). The leaves extracts have antimalaric, antibacterial, larvicide, 

nematophagic, antioxidant, anticonvulsive and fungitoxic activities (Asekun et al., 1999). 

Although Hyptis Suavelons have been proven to have secondary metabolites that are effective 

in treating different disease, there are limited studies on how Hyptis Suavelons can be used as 

field margin to attract natural enemies and controlling insect pest in an agricultural landscape. 

Therefore, further studies are encouraged to assess the effects of field margin with Hyptis 

Suavelons in attracting natural enemies and controlling insect pests in agricultural production.  

2.5    Possible Influence of Field Margin with Insecticidal Plants on the Abundance and 

Diversity of Natural Enemies 

Bioactive compounds found in insecticidal plants are very important in the interaction and 

adaptation of plants with their surrounding environment (Bourgaud et al., 2001). They are 

known to protect plants from fungi, virus, pathogens, and also to be toxic to the plants 

(Bourgaud et al., 2001). These compounds are mainly affiliated to the family of terpene and 

they play a major role in the characteristics of all smell found in fruits, plants, and flowers as 
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well (Degenhardt et al., 2003). They are abundant in the environment resulting in the 

attraction of  more natural enemies and increase the rate of predation in crop fields (Paré and 

Tumlinson, 1999). It has been reported that the plant volatile emission can last for a few 

hours or days in the crop fields to control insect pests and attract natural enemies (Degenhardt 

et al., 2003). 

The protection approach which includes plants, insect pests and their natural enemies is 

called tri-trophic or plant- predator’s interactions or indirect plants defence (Shrivastava et 

al., 2010). Plants fulfil this protection approach by emitting different types of volatile 

compounds when they are attacked or damaged by insect pests which may later attract natural 

enemies such as predators and parasitoids of the crop pests (Dicke et al., 1990; Turlings et 

al., 1990). This approach may  increase  the number of natural enemies, rate of predation and  

parasitism in crop fields (Khan et al., 2008). This has resulted  to the reduction or prevention 

of  further crops damage by destructive insect pests which are  major constraints to 

agriculture production (Shrivastava et al., 2010) 

Different plants have been tested and proven to be effective in tri-trophic approach of 

attracting natural enemies and insect pest control. For instance, in agriculture production the 

effectiveness of  tri-trophic or plant- predators interactions approach  has been observed in  

the insecticidal  plant namely Melinis minutiflora (African grass)  when  cultivated  together 

with  maize, where they   emit a wide range of volatile compounds resulting in  attraction of  

more braconid wasps to control lepidopteran in crop maize (Khan et al., 1997; Khan et al., 

2000). Likewise, plant volatile emission known as 2-phenylethanol has been reported to be 

effective in attracting natural enemies such as lacewings and ladybird beetle species which 

control insect pests in crop fields  (Zhu et al., 1999). Furthermore, the tri-trophic approach 

may help natural enemies to search and select their prey which result in the control of 

destructive herbivores by feeding on them in agriculture production systems (Dicke et al., 

1990). 

In this regard, researchers have indicated that natural enemies can use allelochemicals (plant 

volatile emission) as synomones or kairomones for prey selection and suitable foraging 

habitat (Dicke et al., 1990; Bottrell et al., 1998). These compounds are also responsible to 

offer information to natural enemies in order to select distant prey (Dicke et al., 1990). 

Therefore, this may result in bringing the predators or natural enemies closer and closer to 

their prey. In addition, the volatile compound produced by plants can act as signalling in 
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adjacent crops (Shrivastava et al., 2010). The signalling produced by plants can trigger the 

defence mechanisms in the adjacent crops fields (Shrivastava et al., 2010). This signalling 

approach induced by plant-herbivore damage in nearby crop fields is called inter-plant 

priming which may result in the strongest defence from destructive crop pests in adjacent 

crop fields (Howe and Jander, 2008). For example, Artemisia tridentata (sagebrush) has been 

reported to reduce pest infestation in nearby crop fields (Kessler et al., 2006). 

The manipulation of plants volatile emission by adding insecticidal plants which have the 

capacity to attract more natural enemies agricultural fields may be a valuable strategy to 

attract herbivore enemies and thus minimize pest problems in an environmentally benign 

way. Therefore, the use of insecticidal plants such as, Dysphania ambrosoides, Ocimum 

suave, Hyptis Suavelons and Sphaeranthus suaveolens which are flowering weeds may have 

an influence on natural enemies attraction when they are used as field margins. However, 

there are limited studies on the potentiality of field margin with insecticidal plants in 

attracting natural enemies. Therefore, further testing of such plants is encouraged to ascertain 

the potentiality of field margin with insecticidal plants to attract natural enemies and their 

importance in agriculture production systems. 
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CHAPTER THREE 

MATERIALS AND METHODS                              

3.1 Study Area 

The study was conducted at Tanzania Coffee Research Institute (TaCRI) farms in Moshi, 

Northern Tanzania. The area is located within latitude 3013’59.59’’S and longitude 

37014’54’’E at an altitude of 1268 m above sea level. The area receives mean annual rainfall 

of about 1200 mm and mean temperature of about 18 0C. Common crops grown in this area 

are common bean, banana and coffee. 

3.2 Study Materials 

Seeds of common bean (Lyamungo 90 variety) sourced from Tanzania Agricultural Research 

Institute (TARI)-Selian Center in Arusha were used for the study. Additionally, insecticidal 

plant seedlings (Dysphania ambrosoides, Ocimum suave, Hyptis suaveolens and 

Sphaeranthus suaveolens) were obtained from farmers’ fields in Kibosho-Kirima village and 

TaCRI farms in Kilimanjaro region, Tanzania. 

3.3 Growing Period of the Seedlings and Experimental Design 

The study was carried out during the rainy season from 25th March to 13th August 2018 which 

is the main bean cropping season in the study area. Field preparations such as plowing and 

harrowing was done in March before planting insecticidal plants at the margin of the plots 

and bean as well. Similarly, the collected insecticidal plant seedlings were grown in a nursery 

for 21 days then they were transplanted in the experimental plots. After land preparation 

activities, insecticidal plants were transplanted at the border of each plot (each insecticidal 

plant was at 20 cm apart) three weeks before planting bean in order to allow occurring 

flowering at the same time with bean.   

Experimental plots of 5 m × 5 m were prepared with 10 meters apart, making a total of 

twenty-five plots. The experiment was laid out using a randomized complete block design 

(RCBD) with five treatments each replicated five times. Two seeds of common bean 

(Lyamungo 90 variety) were planted at a spacing of 20 cm within rows and 50 cm between 

rows. Diammonium Phosphate (DAP) as a source of phosphorus was applied (4 grams) per 

hole due to the facts that the phosphorous levels in the study area was below the optimal level 

to support plant growth.  
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3.4 Data Collection 

3.4.1 Assessment of Effects of Selected Field Margin Plants on the Abundance of 

Natural Enemies in Common Bean Fields  
 

Assessment of  effects of the selected field margin plants on the abundance of natural 

enemies in common bean plots was done two weeks after planting bean. Visualization  and 

pan trap methods were used for the assessment of the abundance of natural enemies in each 

plot (treatment). Visual observation was done to assess the presence of natural enemies, 

thereafter, counting and recording of each identified insects were performed in both the bean 

and field margins.  

Similarly, different coloured pan traps (white, blue and yellow) were used in which each of 

the three pan traps was placed in the middle of each of plot 12 hours before the day of data 

collection. The pan traps trapped every insect found in the fields and thereafter the insects 

from each pan traps from each treatment were recorded by their names. Unknown insects 

were kept in ethanol for further identification by experienced technicians at Tropical 

Pesticide Research Institute (TPRI). 

3.4.2 Assessment of Insect Pests Damage Level in Common Bean Plots Surrounded by 

Insecticidal Plants  

Assessment of insect pests damage level in common bean plots surrounded by insecticidal 

plants was done through recording incidence and severity of pest foliage damage after every 

two weeks from the 4th to 10th week after setting the experiment. Four plants from three 

middle rows inside the 25 m square block were randomly selected from the centre of the plot 

and observed to record the number of plants infested by insect pests. An entire plant was 

inspected by visual (eye) observation to record the number of plants infested by insect pests. 

Plant infestation assessment was based on the damaged bean leaves. The incidence was in 

terms of percentage based on the number of  leaves damaged per the selected plants, while 

severity or extent/level of damage was scored as follows: 0 = no visible damage; 1 = 1-5% 

damage; 2 = 6-25% damage; 3 = 26-50% damage; 4 = 51-75% damage; 5 = 76-100% damage 

(Mkenda et al., 2015).  
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3.4.3 Assessment of the Effects of Field Margins with Insecticidal Plant Yield and Yield 

Components of Common Bean 

Plant heights (H), number of leaves and number of branches per plant as growth parameters 

of common bean were measured from each plot. Measurements were done after every two 

weeks from 4th   to 8th after bean germination. The parameters were assessed by sampling 

randomly four plants from three middle rows inside the 25-meter square block thereafter an 

average for each parameter was calculated for data analysis. Similarly, ten plants in the three 

middle rows were selected randomly for the assessment of yield parameters such as number 

of pods per plant, number of seeds per pod, seed weight per plot and 100 seeds weight during 

harvesting time. A number of pods per plants and seeds per pod were counted from the ten 

plants and thereafter the average of each parameter was calculated. In addition, the 100 seeds 

were weighted from the harvested area as well as the weight of the whole plants that were in 

the harvested area, thereafter the weight of each plot was calculated and extrapolated into 

kilogram per hectare. 

3.5 Data Analysis 

All collected data were subjected to analysis of variance (ANOVA). Data on natural enemies 

abundance, insect pests abundance, incidence and severity of foliage pest damage, yield and 

yield components were subjected to one way ANOVA. The significant treatment means were 

separated by the Tukey Test at P=0.05 using Genstat Software (Genstat, 15th Edition, UK). 

 

 

 



15 
 

CHAPTER FOUR 

RESULTS AND DISCUSSIONS 

4.1 Results  

4.1.1 Effects of Field Margins with Insecticidal Plants on the Abundance of Natural 

Enemies Using a Pan Trap Method 

Results indicate that there was a significant (P≤ 0.001) difference in the abundance of natural 

enemies across the treatments. Ocimum suave was seen to attract a higher number of natural 

enemies (Assassin bug; Parasitoid wasps;  Predatory wasps;  Spider; Galmidge;  Long-legged 

fly; Rove beetle; Tachinid fly; Ladybird; Robber fly; and Hoverfly) compared with other 

treatments. Amongst the natural enemies attracted in Ocimum Suave, the ladybird beetle 

(3.22) were observed as the most abundant, while the spiders (1.76) were the least (Table 1). 
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Table 1: Effects of Field Margins with Insecticidal Plants on the Abundance of Natural Enemies Using a Pan Trap Method. 

Natural Enemies Control D. ambrosoides H. suaveolens S. suaveolens O. suave Grand Mean LSD P -Value 

Assassin bug 0.75a 0.75a 1.32ab 1.75b 3.03c 1.51 0.53 0.001 

Parasitoid wasps 0.78a 0.83a 1.33ab 2.51b 3.10c 1.70 0.50 0.001 

Predatory wasps 0.60a 1.50b 1.80b 2.80ab 3.10c 2.00 0.58 0.001 

Spider 0.30a 0.68a 0.75a 1.71b 1.76b 1.04 0.36 0.001 

Galmidge 0.75a 0.75a 1.32ab 1.75b 3.03c 1.51 0.53 0.001 

Long-legged fly 0.80a 0.83a 1.08ab 2.56b 2.64b 1.58 0.63 0.001 

Rove beetle 0.74a 0.85a 1.21b 1.83b 2.89c 1.50 0.51 0.001 

Tachinid   fly 0.80a 0.90a 1.50ab 2.50b 3.10c 1.70 0.56 0.001 

Ladybird 0.59a 1.49b 1.84b 2.83c 3.22c 1.99 0.59 0.001 

Robber fly 0.58a 0.99a 1.17ab 2.35b 2.43b 1.50 0.27 0.001 

Hoverfly 0.59a 1.49b 1.84b 2.81c 3.12c 1.97 0.58 0.001 

Different letters within the same column are significantly different at P = 0.05 as determined by Tukey’s Test 
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4.1.2 Abundance of Natural Enemies Over the Period of Time on Common Bean Using 

a Pan Trap Method  

Table 2 shows that there was a significant (P≤ 0.001) difference in abundance of natural 

enemies over the period of common bean growth. Generally, 10th and 8th weeks were 

recorded with the high visitation of natural enemies.  In the 10th week, Long-legged flies were 

the most abundant natural enemies in the 10th week (3.92) and spiders (1.52) were the least 

visited natural enemies.  

 



18 
 

Table 2: Abundance of Natural Enemies over the Period of Common Bean Growth (Pan Trap Method) 

Natural Enemies Week 4 Week 6 Week 8 Week 10 Week 12 Grand Mean LSD P- Value 

Assassin bug 0.24a 1.01b 2.12c 3.17c 1.01b 1.512 0.5009 0.001 

Parasitoid wasps 0.47a 1.51b 1.77b 2.97c 1.79b 1.701 0.5324 0.001 

Predatory wasps 0.36a 1.55b 2.84c 3.36c 1.72b 1.965 0.5637 0.001 

Spider 0.33a 0.80ab 1.31bc 1.52c 1.21bc 1.035 0.3879 0.001 

Galmidge 0.24a 1.01b 2.12c 3.17d 1.01b 1.512 0.5009 0.001 

Long-legged fly 0.44a 1.08ab 1.19ab 3.92c 1.25b 1.576 0.5659 0.001 

Rove beetle 0.29a 1.03b 1.73c 2.92d 1.52bc 1.499 0.4981 0.001 

Tachinid fly 0.40a 1.05ab 2.57c 3.17c 1.43b 1.725 0.552 0.001 

Ladybird 0.39a 1.63b 2.84c 3.36c 1.72b 1.987 0.5758 0.001 

Robber fly 0.36a 1.08b 1.61b 3.36c 1.08b 1.499 0.4848 0.001 

Hoverfly 0.36a 1.55 b 2.84c 3.36c 1.72b 1.965 0.5637 0.001 

Different letters within the same column are significantly different at P= 0.05 as determine by Tukey Test 
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4.1.3 Effects of Field Margins with Insecticidal Plants on the Abundance of Natural 

Enemies at 4th Week after Planting Using Pan Trap Method 

Table 3 shows the effects of field margins with insecticidal plants on the abundance of 

natural enemies at 4th week after planting using pan trap method. The results indicate that at 

4th week after planting there was a significant (P≤ 0.001) difference in abundance of natural 

enemies across the treatments. Parasitoid wasps (1.76) were the most abundant natural enemy 

observed in the Ocimum suave. 

.
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Table 3: Effects of Field Margins with Insecticidal Plants on the Abundance of Natural Enemies at 4th Week after Planting Using Pan Trap 

Method 

Natural Enemies  Control D. ambrosoides H. suaveolens S. suaveolens O. suave Grand Mean LSD P-Value 

Parasitoid wasps 0.00a 0.00a 0.40a 0.53a 1.40b 0.467 0.408 0.001 

Predatory wasps 0.00a 0.20a 0.20a 0.47ab 0.93b 0.36 0.3742 0.001 

Spider 0.00a 0.20a 0.27a 0.53a 0.67b 0.333 0.3143 0.001 

Galmidge 0.00a 0.00a 0.20a 0.47a 0.53b 0.24 0.2734 0.001 

Long-legged fly 0.20a 0.20a 0.33a 0.47ab 1.00b 0.44 0.4163 0.001 

Rove beetle 0.00a 0.13a 0.27ab 0.40ab 0.67b 0.29 0.3028 0.001 

Tachinid fly 0.20a 0.20a 0.20a 0.47ab 0.93b 0.4 0.3986 0.001 

Ladybird 0.00a 0.20a 0.20a 0.53ab 1.00b 0.387 0.4428 0.001 

Robber fly 0.00a 0.07a 0.07a 0.60b 1.07c 0.36 0.3116 0.001 

Assassin bug 0.00a 0.00a 0.20ab 0.47b 0.53b 0.24 0.2788 0.001 

Hoverfly 0.00a 0.20a 0.20a 0.47ab 0.93b 0.36 0.3742 0.001 

Different letters within the same column are significantly different at P= 0.05 as determine by Tukey’s Test 
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4.1.4 Effects of Field Margins with Insecticidal Plants on the Abundance of Natural 

Enemies at 6th Week after Planting Using Pan Trap Method 

Effects of field margins with insecticidal plants on the abundance of natural enemies at 6th 

week after planting using pan trap method are presented in Table 4. The results reveal that 

there was a significant (P≤ 0.001) difference in the abundance of natural enemies across 

treatments. Generally, field margins with S. suaveolens, O. suave had a high number of 

natural enemies compared with the control. Robber flies (2.8) were observed with high mean 

than any other recorded natural enemies.  
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Table 4: Effects of Field Margins with Insecticidal Plants on the Abundance of Natural Enemies at 6th Week Using a Pan Trap Method 

Natural Enemies  Control D. ambrosoides H. suaveolens S. suaveolens O. suave Grand Mean LSD P-Value 

Parasitoid wasps 0.53a 1.13ab 1.60ab 2.00b 2.27b 1.51 0.821 0.001 

Predatory wasps 0.67a 1.20ab 1.20ab 2.33b 2.33b 1.55 0.815 0.001 

Spider 0.13a 0.60ab 0.73a 1.20bc 1.33c 0.8 0.4805 0.001 

Galmidge 0.53a 0.53a 0.93ab 1.40b 1.67b 1.013 0.541 0.001 

Long legged fly 0.53a 0.53a 0.53a 1.67b 2.13b 1.08 0.643 0.001 

Rove beetle 0.40a 0.5033a 0.67ab 1.67bc 1.87c 1.03 0.765 0.001 

Tachinid fly 0.53a 0.67ab 1.13abc 1.40bc 1.53c 1.053 0.6144 0.005 

Ladybird 0.67a 1.20ab 1.20ab 2.33bc 2.73c 1.63 0.95 0.001 

Robber fly 0.27a 0.40a 0.67ab 1.27b 2.80c 1.08 0.4834 0.001 

Assassin bug 0.53a 0.53a 0.93ab 1.40b 1.67b 1.013 0.541 0.001 

Hoverfly 0.67a 1.20ab 1.20ab 2.33b 2.33b 1.55 0.815 0.001 

Different letters within the same column are significantly different at P= 0.05 as determine by Tukey Test 
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4.1.5 Effects of Field Margins with Insecticidal Plants on the Abundance of Natural 

Enemies at 8th Week after Planting Using Pan Trap Method 

The abundance of natural enemies in response to the field margins with insecticidal plants are 

presented in Table 5. The results indicate that there was a significant difference (P≤ 0.001) in 

the abundance of natural enemies across the treatments. Galmidges were seen with the 

highest mean (6.13) than other natural enemies observed in Ocimum suave or other 

treatments (Table 5). 
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Table 5: Effects of Field Margins with Insecticidal Plants on the Abundance of Natural Enemies at 8th Week after Planting Using Pan Trap 

Method 

Natural Enemies Control D. ambrosoides H. suaveolens S. suaveolens O. suave Grand Mean LSD P-Value 

Parasitoid wasps 0.53a 0.67a 1.07a 2.80b 3.80b 1.77 0.883 0.001 

Predatory wasps 0.47a 2.33b 2.33bc 4.00bc 4.67c 2.84 1.296 0.001 

Spider 0.67a 0.67a 1.67a 1.40a 2.33b 1.31 0.96 0.001 

Galmidge 0.33a 1.20a 1.80a 1.67a 6.13b 2.39 1.034 0.001 

Long legged fly 0.74a 1.20ab 1.67ab 1.67ab 2.67b 1.58 1.121 0.015 

Rove beetle 0.67a 1.00a 1.67a 1.80a 3.93b 1.73 0.936 0.001 

Tachinid fly 0.67a 1.07ab 2.53bc 4.00cd 4.60d 2.57 1.236 0.001 

Ladybird 0.67a 2.33b 2.33bc 4.00bc 4.67c 2.84 1.296 0.001 

Robber fly 0.73a 1.00a 1.00a 2.20b 3.13b 1.61 0.849 0.001 

Assassin bug 0.93a 1.07a 1.80a 1.87a 4.93b 2.12 1.055 0.001 

Hoverfly 0.47a 2.33b 2.93bc 4.00bc 4.47c 2.84 1.296 0.001 

Different letters within the same column are significantly different at P= 0.05 as determine by Tukey Test 
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4.1.6 Effects of Field Margins with Insecticidal Plants on the Abundance of Natural 

Enemies at 10th Week after Planting Using  Pan Trap Method 

The treatments have shown a significant difference (P≤ 0.001) in the attraction of natural 

enemies. Field margins with insecticidal plants had more natural enemies compared with the 

control. Amongst the field margins studied, the Ocimum suave performed better in attracting 

natural enemies. Galmidge (6.2), Tachinid fly (6.2) and Assassin bug (6.2) were recorded as 

the natural enemies which visited bean crop much time in plots surrounded by Ocimum suave 

treatments. 
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Table 6 : Effects of Field Margins with Insecticidal Plants on the Abundance of Natural Enemies at 10th Week after Planting Using Pan Trap 

Method 

Natural Enemies Control D. ambrosoides H. suaveolens S. suaveolens O. suave Grand Mean LSD P-value 

Parasitoid wasps 1.29a 1.33a 1.93a 5.00b 5.06b 2.97 1.423 0.001 

Predatory wasps 1.14a 2.33ab 3.40bc 4.38bc 5.33c 3.36 1.52 0.001 

Spider 0.00a 0.13a 0.47ab 1.73b 3.50c 1.21 0.933 0.001 

Galmidge 1.50a 1.67a 2.73ab 3.63b 6.20c 3.17 1.39 0.001 

Long legged fly 2.00a 2.07a 3.27ab 5.44b 5.80b 3.76 2.072 0.001 

Love beetle 1.20a 1.50ab 2.47ab 3.50c 5.80c 2.92 1.516 0.001 

Tachinid fly 1.50a 1.67a 2.73ab 3.62b 6.20c 3.17 1.39 0.001 

Ladybird 1.14a 2.33ab 3.40bc 4.38bc 5.33c 3.36 1.52 0.001 

Robber fly 1.14a 2.33ab 3.40bc 4.38bc 5.33c 3.36 0.762 0.001 

Assassin bug 1.50a 1.68a 2.73ab 3.62b 6.20c 3.17 1.39 0.001 

Hoverfly 1.14a 2.33ab 3.40bc 4.38bc 5.33c 3.36 1.52 0.001 

Different letters within the same column are significantly different at P = 0.05 as determine by Tukey Test 
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4.1.7 Effects of field margins with insecticidal plants on the abundance of natural 

Enemies at 12th week after planting using a Pan Trap Method 

The results that are presented in Table 7 show the effects of field margins with insecticidal 

plants on the abundance of natural enemies at 12th week after planting using pan trap method. 

The results indicated that the abundance of natural enemies was significantly (P≤ 0.001) 

different across the treatments. The parasitoids wasps were observed with the highest means 

(2.93) in Ocimum suave compared with other natural enemies observed in the treatments 

(Table 7).  
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Table 7: Effects of Field Margins with Insecticidal Plants on the Abundance of Natural Enemies at 12th Week Using Pan Trap Method 

Natural  Enemies Control D. ambrosoides H. suaveolens S. suaveolens O. suave Grand Mean LSD P-value 

Parasitoid wasps 1.13a 1.31a 1.68ab 1.93ab 2.93b 1.79 0.916 0.002 

Predatory wasps 0.62a 1.40ab 1.47abc 2.47bc 2.79c 1.72 0.952 0.001 

Spider 1.06a 1.27a 1.40a 1.79ab 2.13b 1.52 0.5202 0.001 

Galmidge 0.56a 0.60a 0.93a 1.21ab 1.80b 1.01 0.56 0.001 

Long legged fly 0.62a 0.73a 0.93a 1.40a 2.71b 1.25 0.73 0.001 

Rove beetle 1.06a 1.27a 1.40a 1.79ab 2.13b 1.52 0.5202 0.001 

Tachinid fly 0.62a 0.73a 0.93a 2.26b 2.71b 1.43 0.436 0.001 

Ladybird 0.62a 1.40ab 1.46abc 2.46bc 2.78c 1.72 0.952 0.001 

Robber fly 0.56a 0.73a 0.93ab 1.27ab 2.00b 1.08 0.794 0.006 

Assassin bug 0.56a 0.60a 0.93a 1.21ab 1.80b 1.01 0.5601 0.001 

Hoverfly 0.62a 1.40ab 1.47abc 2.47bc 2.78c 1.72 0.952 0.001 

Different letters within the same column are significantly different at P= 0.05 as determine by Tukey’s Test 
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4.1.8 Effects of Field Margins with Insecticidal Plants on the Abundance of Natural 

Enemies Using Visualization Method 

The results show that there was a significant (P≤ 0.001) difference in the abundance of 

natural enemies across the treatments. Field margins with insecticidal plants attracted more 

natural enemies than the control. Ocimum suave had more natural enemies followed by S. 

suaveolens, H. suaveolens and D. ambrosoides. The highest natural enemies observed in 

Ocimum suave were Ladybirds (3.22) (Table 8).  
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Table 8: Effects of Field Margins with Insecticidal Plants on the Abundance of Natural Enemies Using Visualization Method 

Natural Enemies Control D. ambrosoides H. suaveolens S. suaveolens O. suave Grand Mean LSD P -Value 

Assassin bug 0.75a 0.75a 1.32ab 1.75b 3.03c 1.51 0.53 0.001 

Parasitoid wasps 0.78a 0.83a 1.33a 2.51b 3.10b 1.7 0.51 0.001 

Predatory wasps 0.59a 1.49b 1.84b 2.81c 3.12c 1.97 0.5841 0.001 

Spider 0.30a 0.68a 0.75a 1.71b 1.76c 1.03 0.3625 0.001 

Galmidge 0.75a 0.75a 1.32ab 1.75b 3.03c 1.51 0.5319 0.001 

Long-legged fly 0.80a 0.83a 1.08a 2.56b 2.64b 1.58 0.628 0.001 

Rove beetle 0.74a 0.85b 1.21b 1.83c 2.89c 1.5 0.5081 0.001 

Tachinid fly 0.80a 0.90a 1.50a 2.50b 3.10b 1.7 0.5659 0.001 

Ladybird 0.59a 1.49b 1.84b 2.83c 3.22c 1.99 0.5888 0.001 

Robber fly 0.58a 0.99a 1.17a 2.35b 2.43b 1.5 0.269 0.001 

Hoverfly 0.59a 1.49b 1.84b 2.81c 3.12c 1.97 0.5841 0.001 

Different letters within the same column are significantly different at P= 0.05 as determine by Tukey’s Test 
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4.1.9 Natural Enemies Abundance throughout Common Bean Growth Period Using 

Visualization Method 

The results on the abundance of natural enemies throughout common bean growth period as 

recorded using visualization method are presented in Table 9. The results show that there was 

a significant (P≤ 0.001) difference in abundance of natural enemies throughout the period of 

common bean growth. The highest number of natural enemies were recorded at 10th week 

while less natural enemies were recorded at 4th week after common bean planting. Long-

legged flies were the most abundant natural enemies recorded at 10th week with the mean of 

6.08. 
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Table 9: Natural Enemies’ Abundance throughout Common Bean Growth Period Using Visualization Method 

Natural Enemies Week 4 Week 6 Week 8 Week 10 Week 12 Grand mean LSD P-Value 

Assassin bug 0.48a 1.65a 3.52b 4.28b 1.76a 2.37 1.22 0.001 

Parasitoid wasps 1.00a 1.08a 4.52bc 5.52c 2.60ab 2.96 1.467 0.001 

Predatory wasps 0.76a 1.76a 5.36b 6.04b 2.45a 3.31 1.479 0.001 

Spider 0.64a 1.16a 3.16b 3.36b 1.45a 1.98 1.047 0.001 

Galmidge 0.32a 0.90a 4.28b 4.56b 1.28a 2.33 1.457 0.001 

Long-legged fly 0.76a 1.65a 5.36b 6.08b 1.92a 3.22 1.394 0.001 

Rove beetle 1.64a 2.30a 4.96b 5.04b 2.83a 3.4 1.562 0.001 

Tachinid fly 0.76a 1.76a 5.84b 6.04b 2.35a 3.39 1.621 0.001 

Ladybird 1.12a 2.00ab 4.05bc 4.60c 3.88bc 3.09 1.735 0.001 

Robber fly 0.24a 1.60ab 3.36bc 4.36c 2.56bc 2.46 1.515 0.001 

Hoverfly 0.48a 1.50ab 3.48bc 5.28c 2.20ab 1.54 2.63 0.001 

Different letters within the same column are significantly different at P=0.05 as determine by Turkey’s Test 
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4.1.10 Effects of Field Margin With Insecticidal Plants on The Attraction of Natural 

Enemies Using Visualization Method at 4th Week after Planting Common Bean 

The results indicated that there was a significant (P≤0.001) difference in the abundance of 

natural enemies across treatments. Ocimum suave was seen to have a higher number of 

natural enemies compared with the other treatments. The long-legged fly was the most 

abundant natural enemies observed in Ocimum suave at this stage of common bean growth 

with a mean of 5.2 (Table 10). 
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Table 10: Effects of Field Margins with Insecticidal Plants on the Abundance of Natural Enemies Using Visualization Method at 4th Week after 

Planting  

Natural Enemies Control D. ambrosoides H. suaveolens S. suaveolens O.suave Grand Mean LSD P-Value 

Assassin bug 0.00a 0.40ab 0.80ab 1.20bc 2.00c 0.88 0.684 0.001 

Carabid  beetle 0.00a 0.00a 0.80ab 1.00b 2.00c 0.76 0.6217 0.001 

Hoverfly 0.00a 0.40ab 1.20bc 1.80c 3.80d 1.44 0.722 0.001 

Ladybird 0.40a 1.00a 1.20a 1.40a 2.80b 1.36 0.81 0.001 

Long legged fly 0.00a 0.00a 1.20b 1.40b 5.20c 1.56 0.6568 0.001 

Tachinid fly 0.00a 0.40ab 1.20bc 1.80c 3.80d 1.44 0.722 0.001 

Rove beetle 0.00a 1.00ab 1.60b 1.60b 2.80c 1.4 0.734 0.001 

Lacewing 0.00a 0.00a 0.00a 0.00a 2.80b 0.56 0.5017 0.001 

Robber fly 0.00a 0.00a 0.60ab 1.00bc 1.40c 0.6 0.474 0.001 

Spider 0.00a 0.2ab 0.80bc 1.00c 1.00c 0.6 0.5193 0.001 

Different letters within the same column are significantly different at P = 0.05 as determine by Tukey’s Test 
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4.1.11 Effects of Field Margin with Insecticidal Plants on the Attraction of Natural 

Enemies Using Visualization Method at 6th Week after Planting Common Bean  

 The results reveal that there was a significant (P≤0.001) difference in the abundance of 

natural enemies across the treatments. Ocimum suave was seen to have a higher number of 

natural enemies compared with other treatments. Tachinid fly was seen to be the most 

abundant natural enemies at this stage of common bean in Ocimum suave with a mean 

number of 7.0 (Table 11). 
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Table 11:  Effects of Field Margin with Insecticidal Plants on the Attraction of Natural Enemies Using Visualization Method at 6th Week after 

Planting 

Natural Enemies Control D. ambrosoides H. suaveolens S. suaveolens O. suave Grand Mean LSD P-value 

Assassin bug 0.40a 0.40a 1.20a 3.20b 4.40b 1.92 1.072 0.001 

Carabid  beetle 0.00a 0.00a 0.00a 1.60a 5.40b 1.4 1.119 0.001 

Hoverfly 0.00a 0.40a 1.00a 3.80b 4.20b 1.88 0.969 0.001 

Ladybird 0.00a 0.40ab 1.20bc 1.80c 2.20c 1.12 0.813 0.001 

Long legged fly 0.20a 0.60a 1.20a 4.20b 5.20b 2.28 1.119 0.001 

Tachinid       fly 0.60a 0.60a 1.20a 3.60b 7.00c 2.60 1.332 0.001 

Rove beetle 0.60a 2.50a 2.60a 2.80a 2.80a 2.26 1.635 0.051 

Lacewing 0.00a 0.00a 0.00a 1.80b 3.20c 1.00 0.698 0.001 

Robber fly 0.00a 0.60ab 1.20bc 2.00c 3.60d 1.48 0.792 0.001 

Spider 0.20a 0.60a 0.80a 2.60b 3.20b 1.48 0.875 0.001 

Different letters within the same column are significantly different at P= 0.05 as determine by Tukey Test  
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4.1.12 Effects of Field Margin with Insecticidal Plants on the Attraction of Natural 

Enemies at 8th Week After Common Bean Planting Using Visualization Method 

The results indicated that there was a significant (P≤0.001) difference in abundance of natural 

enemies among the treatments at 8th week after planting common bean. Ocimum suave 

treatment attracted more natural enemies compared with the other treatments. At this stage 

(8th week) of common bean growth, the most abundant natural enemies observed in Ocimum 

suave were long-legged flies with the mean of 10.0 (Table 12). 
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Table 12: Effects of Field Margin with Insecticidal Plants on the Attraction of Natural Enemies Using Visualization Method at 8th Week after 

Planting 

Natural Enemies Control D. ambrosoides H. suaveolens S. suaveolens O. suave Grand Mean LSD P-value 

Tachinid fly 0.00a 0.40a 1.20ab 1.20ab 3.80b 1.32 0.914 0.001 

Rove beetle 0.00a 1.00ab 1.60b 1.60b 2.80c 1.40 0.673 0.001 

Lacewing 0.00a 0.00a 0.00a 0.40a 0.40a 0.16 0.457 0.133 

Robber fly 0.00a 0.00a 0.60a 0.60a 1.40b 0.52 0.5597 0.001 

Spider 0.00a 0.20a 0.80a 0.80a 1.00ab 0.56 0.619 0.012 

Parasitoid wasps 0.00a 0.20a 1.60b 1.60b 2.20b 1.12 0.723 0.001 

Predatory wasps 0.00a 0.40a 1.20ab 1.20ab 3.80b 1.32 0.914 0.001 

Different letters within the same column are significantly different at P= 0.05 as determine by Tukey Test 
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4.1.13 Effects of Field Margin with Insecticidal Plants on the Attraction of Natural 

Enemies at 10th Week after Planting Using Visualization Method 

 Results depict that at 10th week, there was a significant (P≤0.001) difference in abundance of 

natural enemies across the treatments. Ocimum suave was seen to attract many natural 

enemies compared with the other treatments. Tachinid flies were the most abundant natural 

enemies observed in Ocimum suave at this period of common bean growth with a mean of 

13.4 (Table 13). 
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Table 13: Effects of Field Margin with Insecticidal Plants on the Attraction of Natural Enemies Using Visualization Method at 10th Week after 

Planting 

Natural enemies Control D .ambrosoides H. suaveolens S. suaveolens O. suave Grand Mean LSD P-value 

Assassin bug 0.20a 2.20b 3.80bc 4.60c 6.80d 3.52 1.195 0.001 

Carabid beetle 0.00a 0.60a 3.20b 6.00c 9.40d 3.84 1.481 0.001 

Hoverfly 0.80a 1.40a 4.40b 4.80b 9.80c 4.24 1.690 0.001 

Ladybird 2.40a 3.80a 6.80b 7.40b 7.40b 5.56 1.700 0.001 

Long-legged fly 0.60a 2.60ab 4.20b 7.40c 10.00d 4.96 1.516 0.001 

Tachinid fly 0.40a 3.40b 5.40c 7.80d 13.40e 6.08 1.005 0.001 

Rove beetle 1.20a 3.20b 4.80b 8.20c 8.40c 5.16 1.332 0.001 

Lacewing 0.00a 0.00a 3.80b 5.80c 9.40d 3.80 1.135 0.001 

Robber fly 0.00a 4.00b 5.20b 5.80b 9.60c 4.92 1.409 0.001 

Spider 0.40a 1.80ab 2.60b 4.80c 5.80c 3.08 1.209 0.001 

Parasitoid wasps 0.80a 2.20ab 4.00b 7.60c 9.00c 4.72 1.469 0.001 

Predatory wasps 0.40a 3.40b 3.40b 7.80c 9.20c 4.84 1.223 0.001 

Different letters within the same column are significantly different at P= 0.05 as determine by Tukey’s Test 
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4.1.14 Effects of Field Margin with Insecticidal Plants on the Attraction of Natural 

Enemies at 12th Using Visualization Method 

Results indicate that at the 12th week of common bean growth, there was a significant 

(P≤0.001) differences in abundance of natural enemies except for lacewing across the 

treatments. The most natural enemies were noted in Ocimum suave compared with other 

treatments. At this stage of common bean growth, long-legged flies were seen as the most 

abundant natural enemies in Ocimum suave with the mean of 5.2. 
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Table 14: Effects of Field Margin with Insecticidal Plants on the Attraction of Natural Enemies at 12th Week after Planting Using Visualization 

Method 

Natural enemies Control D. ambrosoides H. suaveolens S. suaveolens O. suave Grand Mean LSD P-value 

Assassin bug 0.00a 0.40a 0.80a 0.80a 2.00b 0.80 0.875 0.002 

Carabid  beetle 0.00a 0.00a 0.80a 0.80a 2.00b 0.72 0.698 0.001 

Hoverfly 0.00a 0.40a 0.40a 0.60a 1.80b 0.64 0.746 0.001 

Ladybird 0.20a 0.40a 0.40a 1.00ab 1.20ab 0.64 0.590 0.008 

Long legged fly 0.00a 0.00a 1.20ab 1.20ab 5.20b 1.52 0.855 0.001 

Tachinid fly 0.00a 0.40a 1.20ab 1.20ab 3.80b 1.32 0.914 0.001 

Rove beetle 0.00a 1.00ab 1.60b 1.60b 2.80c 1.4 0.673 0.001 

Lacewing 0.00a 0.00a 0.00a 0.40a 0.40a 0.16 0.457 0.133 

Robber fly 0.00a 0.00a 0.60a 0.60a 1.40b 0.52 0.559 0.001 

Spider 0.00a 0.20a 0.80a 0.80a 1.00ab 0.56 0.619 0.012 

Parasitoid wasps 0.00a 0.20a 1.60b 1.60b 2.20b 1.12 0.723 0.001 

Predatory wasps 0.00a 0.40a 1.20ab 1.20ab 3.80b 1.32 0.914 0.001 

Different letters within the same column are significantly different at P= 0.05 as determine by Tukey Test  
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4.1.15 Effects of Field Margins with Insecticidal Plants on the Pest Abundance in 

Common Bean at the 4th Week after Planting 

The results indicate that there was a significant (P≤0.001) difference in insect pest abundance 

across the treatments at 4th week after planting common bean. Aphids, Leafhopper, Blister 

beetle, Caterpillar, Grasshopper and Ootheca were the insect pests observed at this period of 

common bean growth in all treatments. Field margins with insecticidal plants had few 

numbers of pest compared with the control. Ocimum suave and Sphaeranthus were so 

effective in repelling Blister beetles (0.400) (Table 15).  



44 
 

Table 15: Effects of Field Margins with Insecticidal Plants on the Pest Abundance at 4th Week after Planting 

Treatment Aphid Leafhopper Blister beetle Caterpillar Grasshopper Ootheca  

O. suave 1.000a 1.400a 0.400a 0.600a 1.000a 0.800a  

S. suaveolens 1.000a 5.600b 0.400a 4.000b 1.600ab 6.400b  

H. suaveolens 1.000a 6.000bc 1.000ab 4.800bc 1.600ab 7.600b  

D. ambrosoides 1.400a 6.600c 1.600bc 4.800bc 2.000b 8.000b  

Control 3.200b 9.600d 2.600c 6.200c 5.600c 11.800c  

Grand mean 1.52 5.84 1.20 4.08 2.36 6.92  

LSD 0.417 0.545 0.703 1.047 0.584 1.982  

P-Value 0.001 0.001 0.001 0.001 0.001 0.001  

  Different letter(s) within the same column are significantly different at P=0.05 as determined by Tukey’s test  
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4.1.16 Effects of Field Margins with Insecticidal Plants on the Pest Abundance in 

Common Bean at the 6th Week after Planting 

The results revealed significant (P≤0.05) difference amongst the treatments at 6th week after 

planting common bean. The insect pests observed in all treatments at 6th week of bean growth 

were aphids, leafhopper, blister beetle, grasshopper and Ootheca. Few insect pests were noted 

in the field margins with insecticidal plants than the control. Ootheca (0.400) and blister 

(0.400) were reduced considerably in Ocimum suave treatments (Table 16). 
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Table 16: Effects of Field Margins with Insecticidal Plants on the Pest Abundance in Common Bean at 6th Week after Planting 

Treatment Aphid Leafhopper Blister beetle Caterpillar Grasshopper Ootheca 

O.  suave 0.600a 0.700a 0.400a 0.500a 0.600a 0.400a 

S. suaveolens 1.000ab 0.800a 0.500a 0.600a 1.400ab 1.500ab 

H. suaveolens 1.000ab 5.600b 1.000ab 3.600b 1.800ab 3.400b 

D. ambrosoides 1.400b 8.000c 1.600b 4.600b 2.000b 5.600c 

Control 4.000c 12.400d 6.400c 7.400c 7.400c 10.400d 

Grand mean 1.62 5.71 2.04 3.46 2.67 4.38 

LSD 0.47 1.134 0.78 0.848 0.765 0.731 

P-Value 0.001 0.001 0.001 0.001 0.001 0.001 

Different letters within the same column are significantly different at P= 0.05 as determined by Tukey’s test  
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4.1.17 Effects of Field Margins with Insecticidal Plants on the Pest Abundance in 

Common Bean at the 8th Week After Planting 

The results indicate that there was a significant (P≤0.001) difference across the treatments. 

Field margins with insecticidal plants considerably reduced a number of insect pest compared 

with the control. Grasshoppers (0.0) were totally chassed from Ocimum suave treatment 

(Table 17). 
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Table 17: Effects of Field Margins with Insecticidal Plants on the Pest Abundance in Common Bean at 8th Week after Planting 

Treatment Aphid Blister beetle Caterpillar Grasshopper Leafhopper Flower beetle 

O. suave 0.400a 0.200a 0.200a 0.000a 0.200a 0.800a 

S. suaveolens 0.400a 0.200a 0.400a 0.200a 0.600a 1.200a 

H. suaveolens 0.600a 0.200a 0.400a 0.200a 0.600a 1.600a 

D. ambrosoides 0.800a 0.200a 0.600a 0.400a 0.800a 1.600a 

Control 4.600b 8.200b 12.600b 8.600b 14.000b 5.400b 

Grand mean 1.36 1.8 2.84 1.88 3.24 2.12 

LSD 0.698 0.67 0.813 0.59 0.723 0.895 

P-Value 0.001 0.001 0.001 0.001 0.001 0.001 

Different letters within the same column are significantly different at P=0.05 as determined by Tukey’s test 
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4.1.18 Effects of Field Margins with Insecticidal Plants on the Pest Abundance in 

Common Bean at 10th Week after Planting 

The results on the effects of field margins with insecticidal plants on the pest abundance in 

common bean at 10th week after planting show that, there was a significant (P≤0.001) 

difference in insect pest abundance between the treatments. The control was observed to 

harbour more insect pests while other treatments repelled insect pests. Aphid, blister beetle, 

caterpillar, grasshopper, leafhopper were mostly repelled in Ocimum suave and Sphaeranthus 

suaveolens treatments (Table 18). 
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Table 18: Effects of Field Margins with Insecticidal Plants on the Pest Abundance in Common Bean at 10th Week after Planting 

Treatment Aphid Blister beetle Caterpillar Grasshopper Leafhopper Flower beetle 

O. suave 0.000a 0.000a 0.000a 0.000a 0.000a 0.200a 

S. suaveolens 0.000a 0.200a 0.200a 0.000a 0.200a 0.400a 

H. suaveolens 0.200a 0.400a 0.200a 0.200a 0.200a 0.400a 

D. ambrosoides 1.200a 0.400a 0.200a 0.200a 0.200a 1.600b 

Control 4.800b 12.400b 6.800b 13.200b 3.400b 9.400c 

Grand mean 1.24 2.68 3.08 2.72 0.8 2.4 

LSD 1.332 0.618 0.527 0.618 0.813 0.698 

P-Value 0.001 0.001 0.001 0.001 0.001 0.001 

Different letters within the same column are significantly different at P = 0.05 as determined by Tukey’s test 
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4.1.19 Effects of Field Margin with Insecticidal Plants on Incidence and Severity of Pest 

Foliage Damage in Common Bean  

The results on the effects of field margins with insecticidal plants on incidence and severity 

are presented in Table 19. The results depict that there was a significant (P≤0.001) difference 

in incidence and severity from 4th to 10th week of common bean growth. Generally, control 

treatment had the highest incidence and severity insect pests assessed and was followed by 

Dysphania ambrosoides, Hyptis suaveolens, Sphaeranthus suaveolens and Ocimum suave. 

The highest incidence (78.00) and severity (5.00) were observed in control at the 10th week of 

common bean growth. 
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Table 19: Effects of Selected Field Margin Plants on the Incidence and Severity of Foliage Damage  

 4th Week 6th Week 8th Week 10th Week 

 Incidence Severity Incidence Severity Incidence Severity Incidence Severity 

Treatment  Ootheca Aphids Aphid Flower beetle 

O. suave 14.000a 1.000a 8.800a 0.600a 6.200a 0.400a 3.400a 0.200a 

S. suaveolens 18.000ab 1.200a 9.000ab 0.800a 7.200a 0.600a 4.800ab 0.400a 

H. suaveolens 19.000ab 1.400a 10.000bc 1.200a 7.600a 0.600a 5.600ab 0.400a 

D. ambrosoides 23.000b 1.600a 12.000c 1.200a 8.600a 0.800a 6.600b 0.600a 

Control 58.000c 3.000b 61.600d 3.400b 72.000b 4.000b 78.000c 5.000b 

Grand mean 26.40 1.64 20.28 1.44 18.64 1.28 19.68 1.32 

LSD 5.300 0.520 1.866 0.646 0.580 0.610 0.173 0.610 

P-value 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 

Different letters within the same column are significantly different at P= 0.05 as determined by Tukey’s test 
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4.1.20 Effects of Field Margins with an Insecticidal Plant on Growth Parameters of 

Common Bean 

The effects of field margins with insecticidal plants on growth parameters of common bean 

are presented in Table 20. In the early weeks of plant growth (4th week), a number of 

branches and leaves per plant did not show any significant differences across treatments. 

However, plant height differed significantly (P≤0.01) across treatments, with highest plant 

height (26 cm) observed in plots surrounded by Hyptis suaveolens and Sphaeranthus 

suaveolens while the lowest plant height (21.15 cm) was observed in the control plots. 

Similar trends of no significant differences across treatments for plant height and number of 

leaves and branches per plant were observed in the 6th week and 8th week of growth.  
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Table 20: Effects of Field Margins with Insecticidal on Growth Parameters of Common Bean 

 week 4 Week 6                                   Week 8 

Treatment  Plant Height 

(cm) 

No. branches/ 

plant 

No. leaves 

/plant 

Plant Height  

(cm) 

No. branches 

/plant 

No. leaves 

/plant 

Plant Height  

(cm) 

No. branches 

/plant 

No. leaves/ 

plant 

Control 21.15a 4.75a 7.10a 34.85a 6.95a 17.25a 35.95a 6.45a 6.45a 

D. ambrosoides  23.50ab 5.05a 7.25a 35.80a 8.20a 17.75a 35.95a 6.45a 6.75a 

O. suave 25.30ab 5.10a 7.35a 36.60a 9.45a 18.60a 37.15a 8.10a 8.10a 

H. suaveolens 26.30b 5.15a 7.70a 35.00a 7.65a 17.95a 36.05a 7.10a 7.10a 

S. suaveolens 26.40b 5.15a 7.80a 35.25a 7.50a 18.30a 36.25a 7.60a 7.60a 

LSD 3.044 0.5772 0.972 6.293 2.19 3.919 3.56 1.778 1.778 

P-value 0.01 0.569 0.515 0.975 0.201 0.957 0.941 0.334 0.334 

Different letters within the same column are significantly different at P= 0.05 as determine by Tukey Test 
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4.1.21 Effects of the Field Margins with Insecticidal Plants on Yield Parameters of 

Common Bean 

The results of the effects of field’s margins with insecticidal plants on yield parameters of 

common bean are indicated in Table 21. The results indicate that the number of pods per 

plants, number of seeds per pods, 100 seed weight, Yield (Kg/ha) were significantly different 

(P ≤ 0.001) across the treatments. The highest average number of pod per plants (10),  seeds 

per plants (3.6),  100 seed weight (72.8 g) and  bean yield (668 Kg/ha) were observed in plots 

surrounded by Ocimum suave while the lowest numbers of all parameters mentioned above 

were found in  of control plots (Table 21). 

Table 21: Effects of Field Margins with Insecticidal Plants on the Yield of Common Bean 

Treatment No. of  pods/plant No. of seeds/pod 100 seed weight(g) Yield (Kg/ha) 

Control  5.4a 0.6a 51a 510.4a 

D. ambrosoides 6.6a 1.4ab 55.6b 534b 

H. suaveolens 8.4b 1.6b 59.4c 576c 

S. suaveolens 10.6c 2.6c 63.8d 608d 

O. suave 10.8c 3.6d 72.8e 668e 

Grand mean 8.32 1.96 60.52 579.3 

LSD 0.909 0.69 1.314 8.68 

P -Value 0.001 0.001 0.001 0.001 

Different letters within column are significantly different at P= 0.05 as determined by 

Tukey’s test 

4.2 Discussion 

Flowering fields margins are believed to attract and increase the number of natural enemies in 

adjacent crops because of their provision of pollen, alternative prey, nectar and shelter which 

may favour their survival in the field (Amaral et al., 2013; Blaauw and Isaacs, 2015; Landis  

et al., 2000). The findings from the presents study have shown the effectiveness of field 

margin with Ocimum suave, Sphaeranthus Suaveolens, Hyptis Suaveolens and Dysphania 

ambrosoides in the attraction of natural enemies, reduction of insect pest abundance, their 

damage and their effects on yield and yield components of common bean.   
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The study findings indicate that, in the early stage (4th week) of insecticidal plants and 

common bean growth, insecticidal plants though they attracted natural enemies and reduced 

pest abundance and their foliage damage but the number of attracted natural enemies and  

reduction of pests abundance and their damage was not high compared with  the number of 

natural enemies and the reduction of pests abundance and their foliage damage  observed in 

subsequent (6th, 8th, 10th and 12th ) periods of insecticidal plants and common bean growth. 

This may be due to the fact that at the early stage of common bean growth, insecticidal plants 

in the field margins were also at their early stages of growth and they had not reached their 

physiological maturity.  

Additionally, at this stage of common bean growth, insecticidal plants were at vegetative 

level implying that they were still developing, they could not emit enough of bioactive 

compounds to cause significant effects. These findings are related to the study of (Abreu et 

al., 2004) who reported that at the initial stages, insecticidal plants emit a little amount of 

bioactive compounds (10%). Therefore, bioactive compounds emitted at an early stage (4th 

week) were probably not enough to attract natural enemies and reduce the number of insect 

pests and their damage in common bean fields. This could be the reason why we observed a 

few numbers of natural enemies and a high number of pest and their damage at this stage. 

The increasing  trend of natural enemies and great reduction of pest and their damage in 

common bean that was observed in subsequent periods of common bean growth (6th, 8th 10th 

and 12th weeks) was associated with the progress in the growth of insecticidal plants  

implying that insecticidal plants at advanced stages of growth were able to emit enough 

bioactive compound to attract natural enemies and repel  insect pests which resulted in great  

reduction of pests foliage  damage (Figueiredo et al., 2008). Additionally, these findings were 

also due to high predation and parasitism interaction because at these stages insect pests were 

increasing, leading to high predation and parasitism implying that natural enemies were 

increased in order to control insect pests. The study findings indicate that Ocimum suave was 

a best insecticidal plant to attract many natural enemies compared with other treatment 

throughout the period of common bean growth. Most natural enemies were seen at 10th week 

after planting common bean in both visualization and pan traps methods. The present study 

findings are in line with the study of Morandin et al. (2014) who reported that field margin or 

hedgerows increased natural enemies in the adjacent fields. Additionally, the study findings 

are also related to the study of  Pisani Gareau et al. (2013) and  Balzan and Moonen (2014) 

who reported that the sown wildflower strips increased considerably the abundance of natural 
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enemies including parasitoids and predators. However, the study findings are in contrast to 

the study of Morandin et al. (2014) who reported that the abundance of predators was not 

greater in hedgerows compared with the control. The study findings also are in line with the 

study of Balzan and Moonen (2014) who reported that the foliage damage due to insect pests 

in tomato crop was significantly lower in plots adjacent to sown flower strips compared with 

the control. Additionally, the present study findings are also related to Tschumi et al. (2015) 

who reported that wheat plant damage caused by cereal leaf beetle (CLB) was reduced by 

61% in flower strip fields compared with control fields. 

Furthermore, findings from this study indicate that field margin with insecticidal plants such 

as Dysphania ambrosoides, Hyptis suaveolens, Ocimum suave and Sphaeranthus suaveolens 

had positive effects on growth and yield components of common bean Plant heights (H), 

number of leaves and number of branches per plant, number of pods per plants, number of 

seeds per pods, seed weight per plot, 100 seed weight and yield (Kg/ha) compared with the 

control. Findings from this study are similar to work done by  Tschumi et al. (2016) who 

reported that there was an increase of 10% of yield in wheat crops which were surrounded by 

wildflower strips. The positive effects of field margins with insecticidal plants on growth 

parameters and yields parameters in this study can be explained by the fact that the bioactive 

compounds found in insecticidal plants used in this study were capable of attracting natural 

enemies in the field which fed on some insect pests which could have damaged the bean crop. 

Additionally, the volatiles produced by the field margin plants may have chased away insect 

pests in common bean fields and resulted in better growth of the plant, hence good yield 

compared with the growth parameters and yield obtained in the control. The field margin 

with insecticidal plants controlled effectively insect pests during common bean cropping 

which resulted in good yield compared with control. The obtained highest yield (668 Kg/ha)  

in this study was lower compared with the potential yield of common bean which varies 

between 1500-3000 Kg/ha (Hillocks et al., 2006).  The lower yield obtained in this study was 

attributed to the heavy rain and higher incidences of bean Anthracnose disease during the 

cropping season. 
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 CHAPTER FIVE 

CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

This study demonstrated that some of the field margin with insecticidal plants were effective 

in attracting natural enemies, minimize the incidence and severity of foliage pest damage and 

contributed more to the growth parameters and yields parameters. Among all field margins 

with insecticidal plants, field margin with Ocimum suave was observed to attract more natural 

enemies, minimize insect pest’s abundance, incidence, and severity of foliage pest damage 

and contributed significantly on improving yield and yield components of common bean 

compared with other insecticidal plants used in the study. Therefore, the use of field margins 

with insecticidal plants could contribute to the conservation of natural enemies and the 

reduction of insecticides uses in controlling insect pests in the agro-eco-systems. These 

findings provide a strong argument to promote and adopt the use of field margin with 

insecticidal properties because they are promising in reconciling the objectives of 

biodiversity conservation and ecological intensification in crop production. 

5.2 Recommendations 

This study recommends that the use of field margin with insecticidal plants should be taken 

into consideration since they attract natural enemies and repel insect pests in agricultural 

landscape. It is also recommended to conduct more research related to field margin plants in 

order to assess how the field margins with insecticidal plants can contribute to the attraction 

of natural enemies, controlling insect pests and hence improving the crop yields. Lastly, we 

recommend further studies to be conducted to characterize and mark the specific bioactive 

compounds which attract natural enemies and chase away insect pest found in the plants used 

in this study.  

          

 

 



59 
 

REFERENCES 

 

Amaral, D. S., Venzon, M., Duarte, M. V., Sousa, F. F., Pallini, A. and Harwood, J. D. 

(2013). Non-crop vegetation associated with chili pepper agroecosystems promote the 

abundance and survival of aphid predators. Biological Control, 64(3): 338-346. 

Asekun, O. T., Ekundayo, O. and Adeniyi, B. A. (1999). Antimicrobial activity of the 

essential oil of Hyptis suaveolens leaves. Fitoterapia, 70(4): 440-442. 

Ávila-Blanco, M. E., Rodríguez, M. G., Duque, M., Luis, J., Muñoz-Ortega, M. and Ventura 

Juárez, J. (2014). Amoebicidal activity of essential oil of Dysphania ambrosioides 

(L.) Mosyakin and Clemants in an amoebic liver abscess Hamster model. Evidence 

Based Complementary and Alternative Medicine, 2014:1-7 

Baggen, L. R. and Gurr, G. M. (1998). The Influence of Food on Copidosoma koehleri 

(Hymenoptera: Encyrtidae), and the use of flowering plants as a habitat management 

tool to enhance biological control of potato moth, Phthorimaea operculella 

(Lepidoptera: Gelechiidae). Biological Control, 11(1): 9-17. 

Balzan, M. V. (2017). Flowering banker plants for the delivery of multiple agroecosystems 

Arthropod Plant Interactions, 11(6): 743-754. 

Balzan, M. V. and Moonen, A. C. (2014). Field margin vegetation enhances biological 

control and crop damage suppression from multiple pests in organic tomato fields. 

Entomologia Experimentalis et Applicata, 150(1): 45-65. 

Bianchi, F. J., Booij, C. and Tscharntke, T. (2006). Sustainable pest regulation in agricultural 

landscapes: A review on landscape composition, biodiversity, and natural pest 

control. Proceedings of the Royal Society of London: Biological Sciences, 273(1595): 

1715-1727. 

Birthisel, S. K., Gallandt, E. R., Jabbour, R. and Drummond, F. A. (2015). Habitat and time 

are more important predictors of weed seed predation than space on a diversified 

vegetable farm in Maine, USA. Weed Science, 63(4): 916-927. 



60 
 

Bischoff, A., Pollier, A., Lamarre, E., Salvadori, O., Cortesero, A. M., Le Ralec, A. …, 

Jaloux, B. (2016). Effects of spontaneous field margin vegetation and surrounding 

landscape on Brassica oleracea crop herbivory. Agriculture, Ecosystems and 

Environment, 223:135-143. 

Blaauw, B. R. and Isaacs, R. (2012). Larger wildflower plantings increase natural enemy 

density, diversity, and biological control of sentinel prey, without increasing 

herbivore density. Ecological Entomology, 37(5): 386-394. 

Blaauw, B. R. and Isaacs, R. (2015). Wildflower plantings enhance the abundance of natural 

enemies and their services in adjacent blueberry fields. Biological Control, 91:94-

103. 

Booman, G. C., Laterra, P., Comparatore, V. and Murillo, N. (2009). Post-dispersal predation 

of weed seeds by small vertebrates: interactive influences of neighbor land use and 

local environment. Agriculture, Ecosystems and Environment, 129(3): 277-285. 

Bottrell, D. G., Barbosa, P. and Gould, F. (1998). Manipulating natural enemies by plant 

variety selection and modification: a realistic strategy? Annual Review of 

Entomology, 43(1): 347-367. 

Bourgaud, F., Gravot, A., Milesi, S. and Gontier, E. (2001). Production of plant secondary 

metabolites: a historical perspective. Plant Science, 161(5): 839-851. 

Bundschuh, R., Schmitz, J., Bundschuh, M. and Brühl, C. A. (2012). Does insecticide drift 

adversely affect grasshoppers (Orthoptera: Saltatoria) in field margins? A case study 

combining laboratory acute toxicity testing with field monitoring data. Environmental 

Toxicology and Chemistry, 31(8): 1874-1879. 

Chaplin‐Kramer, R., O’Rourke, M. E., Blitzer, E. J. and Kremen, C. (2011). A meta‐analysis 

of crop pest and natural enemy response to landscape complexity. Ecology Letters, 

14(9):922-932. 

Cruz, G. V., Pereira, P. V. S., Patrício, F. J., Costa, G. C., Sousa, S. M., Frazao, J. B. …, 

Amaral, F. M. (2007). Increase of cellular recruitment, phagocytosis ability and nitric 

oxide production induced by hydroalcoholic extract from Chenopodium ambrosioides 

leaves. Journal of Ethnopharmacology, 111(1): 148-154. 



61 
 

Dainese, M., Schneider, G., Krauss, J. and Steffan-Dewenter, I. (2017). Complementarity 

among natural enemies enhances pest suppression. Scientific Reports, 7(1): 8172. 

Danmalam, U., Abdullahi, L., Agunu, A. and Musa, K. (2009). Acute toxicity studies and 

hypoglycemic activity of the methanol extract of the leaves of Hyptis suaveolens Poit. 

(Lamiaceae). Nigerian Journal of Pharmaceutical Sciences, 8(2): 87-92. 

Dauber, J. and Wolters, V. (2005). Colonization of temperate grassland by ants. Basic and 

Applied Ecology, 6(1): 83-91. 

Degenhardt, J., Gershenzon, J., Baldwin, I. T. and Kessler, A. (2003). Attracting friends to 

feast on foes: engineering terpene emission to make crop plants more attractive to 

herbivore enemies. Current Opinion in Biotechnology, 14(2): 169-176. 

Denloye, A., Makanjuola, W., Teslim, O., Alafia, O., Kasali, A. and Eshilokun, A. (2010). 

Toxicity of Chenopodium ambrosioides L.(Chenopodiaceae) products from Nigeria 

against three storage insects. Journal of Plant Protection Research, 50(3): 379-384. 

Dicke, M., Sabelis, M. W., Takabayashi, J., Bruin, J. and Posthumus, M. A. (1990). Plant 

strategies of manipulating predator-prey interactions through allelochemicals: 

Prospects for application in pest control. Journal of Chemical Ecology, 16(11): 3091-

3118. 

Donald, P., Green, R. and Heath, M. (2001). Agricultural intensification and the collapse of 

Europe's farmland bird populations. Proceedings of the Royal Society of London. 

Biological Sciences, 268(1462): 25-29. 

Gadano, A., Gurni, A. and Carballo, M. (2006). Argentine folk medicine: genotoxic effects 

of Chenopodiaceae family. Journal of Ethnopharmacology, 103(2): 246-251. 

Gadano, A., Gurni, A., López, P., Ferraro, G. and Carballo, M. (2002). In vitro genotoxic 

evaluation of the medicinal plant Chenopodium ambrosioides L. Journal of 

Ethnopharmacology, 81(1): 11-16. 

Gavish-Regev, E., Lubin, Y. and Coll, M. (2008). Migration patterns and functional groups 

of spiders in a desert agroecosystem. Ecological Entomology, 33(2): 202-212. 



62 
 

Géneau, C. E., Wäckers, F. L., Luka, H., Daniel, C. and Balmer, O. (2012). Selective flowers 

to enhance biological control of cabbage pests by parasitoids. Basic and Applied 

Ecology, 13(1): 85-93. 

Getanjaly, V., Sharma, P. and Kushwaha, R. (2015). Beneficial insects and their value to 

agriculture. Research Journal of Agriculture and Forestry Sciences, 3: 25-30. 

Getu, E. (2009). Evaluation of botanical plants powders against Zabrotes subfasciatus 

(Boheman) (Coleoptera: Bruchidae) in stored haricot bean under laboratory condition. 

African Journal of Agricultural Research, 4(10): 1073-1079. 

González, E., Salvo, A. and Valladares, G. (2017). Arthropod communities and biological 

control in soybean fields: Forest cover at landscape scale is more influential than 

forest proximity. Agriculture, Ecosystems and Environment, 239: 359-367. 

Halaj, J., Cady, A. B. and Uetz, G. W. (2000). Modular habitat refugia enhance generalist 

predators and lower plant damage in soybean. Environmental Entomology, 29(2): 

383-393. 

Hansen, S. C., Stolter, C., Imholt, C. and Jacob, J. (2016). Plant secondary metabolites as 

rodent repellents: A systematic review. Journal of Chemical Ecology, 42(9): 970-983. 

Hillocks, R., Madata, C. S., Chirwa, R., Minja, E. M. and Msolla, S. (2006). Phaseolus bean 

improvement in Tanzania. Euphytica, 150(2): 215-231. 

Hmamouchi, M., Lahlou, M. and Agoumi, A. (2000). Molluscicidal activity of 

someMoroccan medicinal plants. Fitoterapia, 71(3): 308-314. 

Howe, G. A. and Jander, G. (2008). Plant immunity to insect herbivores. Annual  Review of 

Plant Biology, 59: 41-66. 

Ingrao, A. J., Schmidt, J., Jubenville, J., Grode, A., Komondy, L., VanderZee, D. and 

Szendrei, Z. (2017). Biocontrol on the edge: Field margin habitats in asparagus fields 

influence natural enemy-pest interactions. Agriculture, ecosystems and Environment,

 243: 47-54. 



63 
 

Jamont, M., Dubois-Pot, C. and Jaloux, B. (2014). Nectar provisioning close to host patches

 increases parasitoid recruitment, retention and host parasitism. Basic and 

Applied Ecology, 15(2): 151-160. 

Jardim, C. M., Jham, G. N., Dhingra, O. D. and Freire, M. M. (2008). Composition and 

antifungal activity of the essential oil of the Brazilian Chenopodium ambrosioides L. 

Journal of Chemical Ecology, 34(9): 1213-1218. 

Kebede, A., Ayalew, S., Mesfin, A. and Mulualem, G. (2017). Assessment on the use, 

knowledge and conservation of medicinal plants in selected kebeles of dire dawa 

administration, eastern Ethiopia. Journal of Plant Sciences, 5(2): 56-64. 

Kessler, A., Halitschke, R., Diezel, C. and Baldwin, I. T. (2006). Priming of plant defense 

responses in nature by airborne signaling between Artemisia tridentata and Nicotiana 

attenuata. Oecologia, 148(2): 280-292. 

Kevan, P. G. (1999). Pollinators as bioindicators of the state of the environment: species, 

activity and diversity, invertebrate biodiversity as bioindicators of sustainable 

landscapes. Elsevier, 74:373-393. 

Khan, Z., Ampong-Nyarko, K., Chiliswa, P., Hassanali, A., Kimani, S., Lwande…, 

Woodcock, C. (1997). Intercropping increases parasitism of pests. Nature, 388: 631-

636. 

Khan, Z. R., James, D. G., Midega, C. A. and Pickett, J. A. (2008). Chemical ecology and 

conservation biological control. Biological Control, 45(2): 210-224. 

Khan, Z. R., Pickett, J. A., Berg, J., Wadhams, L. J. and Woodcock, C. M. (2000). Exploiting 

chemical ecology and species diversity: stem borer and striga control for maize and 

sorghum in Africa. Pest Management Science: Formerly Pesticide Science, 56(11): 

957-962. 

Kishore, N., Chansouria, J. and Dubey, N. (1996). Antidermatophytic action of the essential 

oil of Chenopodium ambrosioides and an ointment prepared from it. Phytotherapy 

Research, 10(5): 453-455. 



64 
 

Kumar, R., Mishra, A. K., Dubey, N. and Tripathi, Y. (2007). Evaluation of Chenopodium

 ambrosioides oil as a potential source of antifungal, antiaflatoxigenic and 

antioxidant activity. International Journal of Food Microbiology, 115(2): 159-164. 

Kuusk, A. K. and Ekbom, B. (2012). Feeding habits of lycosid spiders in field habitats. 

Journal of Pest Science, 85(2): 253-260. 

Landis, D. A., Menalled, F. D., Costamagna, A. C. and Wilkinson, T. K. (2005). 

Manipulating plant resources to enhance beneficial arthropods in agricultural 

landscapes. Weed Science, 53(6): 902-908. 

Landis, D. A., Wratten, S. D. and Gurr, G. M. (2000). Habitat management to conserve 

natural enemies of arthropod pests in agriculture. Annual Review of Entomology, 

45(1): 175-201. 

Lefebvre, M., Franck, P., Toubon, J. F., Bouvier, J. C. and Lavigne, C. (2016). The impact of 

landscape composition on the occurrence of a canopy dwelling spider depends on 

orchard management. Agriculture, Ecosystems and Environment, 215:20-29. 

Lu, Z. X., Zhu, P. Y., Gurr, G. M., Zheng, X. S., Read, D. M., Heong, K. L…, Xu, H. X. 

(2014). Mechanisms for flowering plants to benefit arthropod natural enemies of 

insect pests: prospects for enhanced use in agriculture. Insect Science, 21(1): 1-12. 

MacDonald, D., VanCrey, K., Harrison, P., Rangachari, P., Rosenfeld, J., Warren, C. and 

Sorger, G. (2004). Ascaridole less infusions of Chenopodium ambrosioides contain a 

nematocide (s) that is (are) not toxic to mammalian smooth muscle. Journal of 

Ethnopharmacology, 92(3): 215-221. 

Mansion, V. A., Ferrante, M., Cook, S., Pell, J. and Lövei, G. L. (2017). Manipulating field 

margins to increase predation intensity in fields of winter wheat (Triticum aestivum). 

Journal of Applied Entomology, 141(8): 600-611. 

Markwardt, D. (2005). Texas roadside wildflowers. Native Plants Journal, 6(1): 69-71. 



65 
 

Mkenda, P., Mtei, K. and Ndakidemi, P. (2014). Pesticidal efficacy of Tephrosia vogelii and 

Tithonia diversifolia against field insect pests of common bean [Phaseolus 

vulgarisL.] within African farming communities. African Journal of Applied 

Agricultureal Sciences and Technologies, 2:9-26. 

Mkenda, P., Mwanauta, R., Stevenson, P. C., Ndakidemi, P., Mtei, K. and Belmain, S. R. 

(2015). Extracts from field margin weeds provide economically viable and 

environmentally benign pest control compared to synthetic pesticides. PLoS ONE, 

10(11): 143-530. 

Mkindi, A. G., Mtei, K. M., Njau, K. N. and Ndakidemi, P. A. (2015). The potential of using 

indigenous pesticidal plants for insect pest control to small scale farmers in Africa. 

American Journal of Plant Sciences, 6(19): 3164. 

Morandin, L. A., Long, R. F. and Kremen, C. (2014). Hedgerows enhance beneficial insects 

on adjacent tomato fields in an intensive agricultural landscape. Agriculture, 

Ecosystems and Environment, 189:164-170. 

Moshi, A. P. and Matoju, I. (2017). The status of research on and application of biopesticides 

in Tanzania. Review. Crop Protection, 92:16-28. 

Mwanauta, R. W., Mtei, K. M. and Ndakidemi, P. A. (2015). Potential of controlling 

common bean insect pests bean stem maggot (Ophiomyia phaseoli), Ootheca 

(Ootheca bennigseni) and Aphids (Aphis fabae) using agronomic, biological and 

botanical practices in field. Agricultural Sciences, 6(5): 489-497. 

Mwangi, E. N., Hassanali, A., Essuman, S., Myandat, E., Moreka, L. and Kimondo, M. 

(1995). Repellent and acaricidal properties of Ocimum suave against Rhipicephalus 

appendiculatus ticks. Experimental and Applied Acarology, 19(1): 11-18. 

Ngozi, L. U., Ugochukwu, N., Ifeoma, P. U., Charity, E. A. and Chinyelu, I. E. (2014). The 

efficacy of Hyptis suaveolens: A review of its nutritional and medicinal applications. 

European Journal of Medicinal Plants, 4(6): 661-662. 

Nyffeler, M., Olson, E. J. and Symondson, W. O. (2016). Plant eating by spiders. Journal of 

Arachnology, 44(1):15-27. 



66 
 

Obeng-Ofori, D. and Reichmuth, C. (1997). Bioactivity of eugenol, a major component 

ofessential oil of Ocimum suave (Wild.) against four species of stored product 

Coleoptera. International Journal of Pest Management, 43(1): 89-94. 

Paré, P. W. and Tumlinson, J. H. (1999). Plant volatiles as a defense against insect 

herbivores. Plant Physiology, 121(2): 325-332. 

Penn, H. J. (2018). Wooded field margins increase potential for cultural and biological 

control of soybean pests. Agriculture, Ecosystems and Environment, 255:45-51. 

Pisani Gareau, T. L., Letourneau, D. K. and Shennan, C. (2013). Relative densities of natural 

enemy and pest insects within California hedgerows. Environmental Entomology, 

42(4): 688-702. 

Poonkodi, K., Karthika, J., Tamilselvi, V., Anitha, R. and Vasanthamani, S. (2017). 

Chemical composition of essential oil of Hyptis suaveolens (L.) POIT and its in vitro 

anticancer activity. Journal of Pharmacy Research, 11(5): 410-413. 

Potawale, S., Luniya, K., Mantri, R., Mehta, U., Waseem, M., Sadiq, M..., Deshmukh, R. 

(2008). Chenopodium ambrosioides: An ethnopharmacological review. 

Pharmacologyonline, 2:272-286. 

Raghavendra, K., Gowthami, R., Lepakshi, N., Dhananivetha, M. and Shashank, R. (2016). 

Use of botanicals by farmers for integrated pest management of crops in Karnataka. 

Asian Agriculture History, 20(3): 173-180. 

Ruffa, M., Ferraro, G., Wagner, M., Calcagno, M., Campos, R. and Cavallaro, L. (2002). 

Cytotoxic effect of Argentine medicinal plant extracts on human hepatocellular 

carcinoma cell line. Journal of Ethnopharmacology, 79(3): 335-339. 

Runyoro, D., Ngassapa, O., Vagionas, K., Aligiannis, N., Graikou, K. and Chinou, I. (2010). 

Chemical composition and antimicrobial activity of the essential oils of four Ocimum 

species growing in Tanzania. Food Chemistry, 119(1): 311-316. 

Safarzoda, S., Bahlai, C. A., Fox, A. F. and Landis, D. A. (2014). The role of natural enemy 

foraging guilds in controlling cereal aphids in Michigan wheat. PLoS ONE, 9(12): 

114-230. 



67 
 

Sellers, L. A., Long, R. F., Jay-Russell, M. T., Li, X., Atwill, E. R., Engeman, R. M. and 

Baldwin, R. A. (2018). Impact of field edge habitat on mammalian wildlife 

abundance, distribution, and vectored foodborne pathogens in adjacent crops. Crop 

Protection,108:1-11. 

Shaikat, M. Z. H., Hossain, M. T. and Azam, M. G. (2012). Phytochemical screening and 

antidiarrhoeal activity of Hyptis suaveolens. International Journal of Applied 

Research in Natural Products, 5(2): 1-4. 

Shenoy, C., Patil, M. and Kumar, R. (2009). Wound healing activity of Hyptis suaveolens 

(L.) Poit (Lamiaceae). International Journal of Pharmtech Research, 1(3): 737-744. 

Shrivastava, G., Rogers, M., Wszelaki, A., Panthee, D. R. and Chen, F. (2010). Plant 

volatiles based insect pest management in organic farming. Critical Reviews in Plant 

Sciences, 29(2): 123-133. 

Siekmann, G., Tenhumberg, B. and Keller, M. A. (2001). Feeding and survival in parasitic 

wasps: sugar concentration and timing matter. Oikos, 95(3): 425-430. 

Symondson, W., Sunderland, K. and Greenstone, M. (2002). Can generalist predators be 

effective biocontrol agents? Annual Review of Entomology, 47(1): 561-594. 

Tapondjou, L., Adler, C., Bouda, H. and Fontem, D. (2002). Efficacy of powder and essential 

oil from Chenopodium ambrosioides leaves as post-harvest grain protectants against 

six stored product beetles. Journal of Stored Products Research, 38(4): 395-402. 

Thomas, M., Wratten, S. and Sotherton, N. (1991). Creation of island  habitats in farmland to 

manipulate populations of beneficial arthropods: predator densities and emigration. 

Journal of Applied Ecology, 28(3) 906-917. 

Tibyangye, J., Okech, M. A., Nyabayo, J. M. and Nakavuma, J. L. (2015). In vitro 

antibacterial activity of Ocimum suave essential oils against uropathogens isolated 

from patients in selected hospitals in Bushenyi district, Uganda. British Microbiology 

Research Journal, 8(3): 489-490. 



68 
 

Tryphone, G. M., Chilagane, L. A., Protas, D., Kusolwa, P. M. and Nchimbi-Msolla, S. 

(2013). Marker assisted selection for common bean diseases improvements in 

Tanzania: Prospects and future needs, plant breeding from laboratories to fields. DOI: 

10.5772/52823 

Tschumi, M., Albrecht, M., Bärtschi, C., Collatz, J., Entling, M. H. and Jacot, K. (2016). 

Perennial, species-rich wildflower strips enhance pest control and crop yield. 

Agriculture, Ecosystems and Environment, 220:97-103. 

Tschumi, M., Albrecht, M., Entling, M. H. and Jacot, K. (2015). High effectiveness of 

tailored flower strips in reducing pests and crop plant damage. Proceedings of the 

Royal Society of  Biological Sciences, 282(6): 1369-1372. 

Turlings, T. C., Tumlinson, J. H. and Lewis, W. J. (1990). Exploitation of herbivore-induced 

plant odors by host-seeking parasitic wasps. Science, 250(4985): 1251-1253. 

Wäckers, F. L., Van Rijn, P. C. and Heimpel, G. E. (2008). Honeydew as a food source for 

natural enemies: making the best of a bad meal. Biological Control, 45(2): 176-184. 

Zappi, D. C., Filardi, F. L. R., Leitman, P., Souza, V. C., Walter, B. M., Pirani …, Mansano, 

V. F. (2015). Growing knowledge: An overview of seed plant diversity in Brazil. 

Rodriguésia, 66(4): 1085-1113. 

Zhu, J., Cossé, A. A., Obrycki, J. J., Boo, K. S. and Baker, T. C. (1999). Olfactory reactions 

of the twelve-spotted lady beetle, Coleomegilla maculata and the green lacewing, 

Chrysoperla carnea to semiochemicals released from their prey and host plant: 

electroantennogram and behavioral responses. Journal of Chemical Ecology, 

25(5):1163-1177. 



69 
 

RESEARCH OUTPUTS 

Output 1: Acceptance letter for the paper to be published in international journal of 

Biosciences 

 



70 
 

Potentiality of field margin with insecticidal plants in the reduction of insect 

pests’ damage in common bean production, Northern   Tanzania 

Aurea Kanyange 1, 2, Ernest R Mbega1, Patrick A Ndakidemi 1 

1Department of Sustainable Agriculture and Biodiversity Ecosystem Management, 

School of Life Sciences and Bioengineering, The Nelson Mandela African Institution 

of Science and Technology (NM-AIST), P.O. Box 447, Arusha, Tanzania 

2Centre for Research, Agriculture Advancement, Teaching Excellence and 

Sustainability in Food and Nutrition Security (CREATES - FNS), The Nelson 

Mandela African Institution of Science and Technology, P.O. Box 447, Arusha, 

Tanzania 

*Corresponding Author: kanyangea@nm-aist.ac.tz 

Abstract 

A study was conducted to evaluate the effects of four different insecticidal plants 

(Dysphania ambrosoides, Hyptis Suavelons, Sphaeranthus suaveleons and Ocimum 

suave) in reducing pest abundance and damage in common bean under field 

conditions in Moshi, Tanzania. The experiment was laid out using a randomized 

complete block design (RCBD) with five (5) replications. Results indicated that the 

marginal insecticidal plants reduced insect pest abundance significantly (p<0.001) 

compared with the control plots without the field margin plants. Results for pest 

infestation indicated that there was a significant (p<0.001) difference in incidence 

and severity of insect pest from 2nd to 8th week on common bean growth. The highest 

overall pest’s incidence (78%) and severity (5.00) were observed in the control 

treatment compared with those recorded in plots surrounded by inscectidal plants. 

Overall, the lowest incidence and severity were recorded in plots surrounded by 

O.suave (3.4% and 0.200) and S.suaveleons (4.8% and 0.400). Based on these 

results, field margins with inscectidal plants particularly O.suave and S.suaveleons 

are recommended in bean production in Tanzania. Further research is 

recommended on exploring these insecticidal plants for possible application on the 

same and other crop systems in different agro-ecological regions of Tanzania. 

Key words: Ocimum suave, Incidence, Insect pests, Severity 
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Introduction 

Tanzania is ranked amongst the top twenty common bean (Phaseolus vulgaris L.) 

producing countries in the world and the second in sub-Saharan Africa after Kenya 

(Hillocks et al., 2006; Mkenda et al., 2014). Common beans are largely cultivated in 

northern, west and southern highland regions of Tanzania(Hillocks et al., 2006; 

Mwanauta et al., 2015) . In this country, common beans are main source of dietary 

protein, calories, dietary fibers, and also minerals such as calcium, copper, 

magnesium, manganese, iron, and zinc and many micronutrients and 

phytochemicals which are key elements for mental development and  source of 

income and nutrition for producers (Tryphone et al., 2013). 

 

The predicted annual production of bean in Tanzania is about 300, 000 tones, 

meaning 82% of the total production of pulses (Tryphone et al., 2013) . Similarly, the 

estimated average production of common bean is 982.5 kg/ha  which is lower 

compared with the potential yield production  that ranges between 1500-3000 

kg/ha(Hillocks et al., 2006).  This low output is attributed to many factors such as 

poor seed quality, poor performance of the local landraces, pests and diseases, low 

soil fertility, drought and poor crop management, like late weeding (Hillocks et al., 

2006). Of these, insect pests, bean stem maggot (Ophiomyia phaseoli), ootheca 

(Ootheca bennigseni) and aphids (Aphis fabae) have been identified  as  the main 

constraints of common bean  production (Mwanauta et al., 2015). It has been 

reported that these insect pests  are  important factors for reduction in quality of 

common beans development and  responsible for signified losses in yield (Getu, 

2009; Mkenda et al., 2014). 

 

Synthetic pesticides have been used as the common method to control insect pests 

in bean fields. However, they have been reported to have various negative effects to 

beneficial insects, environment and human health (Raghavendra et al., 2016; Moshi 

and Matoju, 2017). Due to the adverse effects of synthetic pesticides on beneficial 

insects that contribute a lot to agricultural production by providing ecosystem 

services such as pollination and natural control (Moshi and Matoju, 2017), 

environment and human health, there is an urgent need to control insect pests in 
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sustainable way in agricultural landscape without affecting beneficial insects, 

environment and human health.  

 

One of the methods that have been used to control insect pest in sustainable 

manner without affecting non-target insects (natural enemies and pollinators), 

environment and human health, is the use of natural habitat or field margin with 

flowering plants. The presence of  flowering plants in the field margins has been 

reported to  facilitate  the attraction of  beneficial insects including natural enemies 

and pollinators by providing pollen, alternative prey, nectar and shelter which  may 

favor  their survival in the fields (Landis et al., 2000; Amaral et al., 2013; Blaauw and 

Isaacs, 2015). 

 

Natural enemies such as ladybirds, spiders, lacewings and hoverflies use nectar and 

pollen to during their different life stages (Wäckers et al., 2008; Lu et al., 2014; 

Mansion‐Vaquié et al., 2017). The availability of nectar sources and other 

carbohydrate in field margin play a big role in the longevity and fecundity of 

parasitoids(Baggen and Gurr, 1998; Siekmann et al., 2001), and may increase the 

effectiveness of natural enemies in controlling insect population in crop fields 

(Géneau et al., 2012; Jamont et al., 2014; Bischoff et al., 2016). For instance, natural 

enemies such as chrysopids, coccinellids, and syrphids are known to use nectar to 

enable them  move from field margin to crop fields to control insect pests in crop 

fields (Bianchi et al., 2006).  

 

Although this methodology has managed to recover ecosystem services in 

agriculture production, it has been blamed to harbor also insect pests which may 

later on destroy crop in the field. Therefore, there is a need to develop other 

approaches which can be used to maintain biological control in agricultural 

production without harboring insect pests.  

 

The use of field margin with insecticidal plants can be a better  alternative to solve 

the problems of pests while maintaining ecosystem services such as pollination and 

biological control because insecticidal plants have the capacity to repel insect pests 

and attract natural enemies in the crop fields (Khan et al., 2008; Mkindi et al., 2015).. 

Dysphania ambrosoides, Hyptis Suavelons, Sphaeranthus suaveleons and Ocimum 
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suave were considered as medicinal plants traditionally in previous years implying 

that they have bioactive compounds which are capable to fight against pathogen, 

bacteria and fungi (Ávila-Blanco et al., 2014; Tibyangye et al., 2015; Kebede et al., 

2017). Therefore this research study was designed to assess the effects of annual 

field margins with insecticidal plants; Dysphania ambrosoides, Hyptis Suavelons, 

Sphaeranthus suaveleons and Ocimum suave in controlling insect pests and 

reduction of pest infestation in common bean crops. 

 

Materials and Methods 

Study area 

The study was conducted at Tanzania Coffee Research Institute (TaCRI) farm in 

Moshi, Northern Tanzania. The site is located at latitude 3013’59.59’’S and longitude 

37014’54’’E respectively, with an altitude of 1268m above sea level. The area 

receives mean annual rainfall of about 1200 mm and mean annual temperature of 

about 18 0C.  

Study materials 

Seeds of common beans (Lyamungo 90 variety) used for the study were sourced 

from TARI-Selian Research Center in Arusha. Additionally, insecticidal plant 

seedlings (Dysphania Ambrosoides, Ocimum suave and Hyptis suaveleons, 

sphaeranthus Indicus) were obtained from farmers’ fields in Kibosho-Kirima and 

TaCRI farm in Kilimanjaro region, Tanzania.  

Experimental design and Seedlings Growth 

The study was carried out during the rainy season from March to August 2018 which 

is the main bean cropping season in the study area. Field preparation involving 

ploughing and harrowing was done in March before planting insecticidal plants at the 

margin of the plots and beans as well. Similarly, the collected insecticidal plant 

seedlings were grown in a nursery for 14 days then transplanted in the experimental 

plots. After land preparation activities, insecticidal plants were transplanted at the 

border of each plot spaced at 20cm apart two weeks before planting beans so as 

flowering to occur at the same time with beans.  Experimental plots of 5 m × 5 m 

were prepared with 15 m apart, making a total of twenty five plots. The experiment 

was laid out using a randomized complete block design (RCBD) with five (5) 
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treatments each replicated five times. Two seeds of common bean (Lyamungo 90 

variety) were planted at a spacing of 20 cm within rows and 50 cm between rows. 

DAP (as source of phosphorous) was applied (4 grams) per hole due to the fact that 

the phosphorous levels in the study area was below optimal level to support plant 

growth 

Data collection 

Assessment of insect pests’ damage level in common bean plots surrounded by 

insecticidal plants were done through recording incidence and severity of damage by 

insect pests to the common bean plants after every two weeks from the 4 th to 10th 

week after setting the experiment. Four plants from three middle rows inside the 25 

m square block were randomly selected from the center of the plot and observed to 

record the number of plants infested by insect pests. An entire plant was inspected 

by visual (eye) observation to record the number of plants infested by insect pests. 

Plant infestation assessment was based on the damaged bean leaves. The 

abundance of aphids was assessed using scoring scale from 0 to 5 as per Mkenda 

et al. (2014), where 0= none, 1 = A few scattered individuals, 2 = a few isolated 

colonies, 3 = 

Several isolated colonies, 4 = Large isolated colonies and 5 = Large continuous 

colonies  

The incidence was in terms of percentage basing on the number of  leaves damaged 

per selected plants, while severity or extent/level of damage was scored as follows: 

0= no visible damage; 1=1-5% damage; 2=6-25% damage; 3=26-50% damage; 

4=51-75% damage; 5=76-100% damage (Mkenda et al., 2014).  

 

Data analysis 

The data obtained (pest abundance, incidence and severity of pest foliage damage) 

were analyzed using Genstat (15th Version) statistical package (VSN International 

Ltd). One Way Analysis of variance (ANOVA) was performed to test the 

effectiveness of field margins with insecticidal plants on pest abundance and 

reduction of pest incidences and severities of the common bean foliage pest 

damage. Mean separation of the treatments was done by Tukey’s test at probability 

level of 0.05.  



75 
 

Results  

Effects of field margins with insecticidal plants on the pest abundance in common 

bean at the second week after planting 

The results indicate that there was a significant (P≤0.001) difference in insect pest 

abundance across the treatments at 2nd week after planting common beans. Aphids, 

Leaf hopper, Blister beetle, Caterpillar, Grass hopper and Ootheca were the insect 

pests observed at this period of common bean growth in all treatments. Field 

margins with insecticidal plants had few number of pest compared with the control. 

Ocimum suave and Sphaeranthus were so effective in repelling Blister beetles 

(0.400) (Table 1).  

Table 1. Effects of field margins with insecticidal plants on the pest abundance in 

common bean at the second week after planting. 

Treatment Aphid Leaf hopper Blister beetle 
Caterpill

ar Grass hopper Ootheca 
 

Ocimum  suave 1.000a 1.400a 0.400a 0.600a 1.000a 0.800a 
 

Sphaeranthus suaveleons 1.000a 5.600b 0.400a 4.000b 1.600ab 6.400b 
 

Hyptis suaveleons 1.000a 6.000bc 1.000ab 4.800bc 1.600ab 7.600b 
 

Dysphania ambrosoides 1.400a 6.600c 1.600bc 4.800bc 2.000b 8.000b 
 

Control 3.200b 9.600d 2.600c 6.200c 5.600c 11.800c  
 

Grand mean   1.52   5.84   1.20   4.08   2.36   6.92 
 

LSD   0.417   0.545   0.703   1.047   0.584   1.982 
 

P-Value   0.001   0.001   0.001   0.001   0.001   0.001 
 

    Different letter(s) within the same column are significantly different at p=0.05 as determined by Tukey’s test  

Effects of field margins with insecticidal plants on the pest abundance in common 

bean at the fourth week after planting 

The results revealed significant (P≤0.001) difference amongst the treatments at 4th 

week after planting common beans. The insect pests observed in all treatments at 4th 

week of bean growth were aphids, leaf hopper, blister beetle, grass hopper and 

Ootheca. Few insect pests were noted in the field margins with insecticidal plants 

than the control. Ootheca (0.400) and blister (0.400) were reduced considerably in 

Ocimum suave treatments (Table 2). 

Table 2. Effects of field margins with insecticidal plants on the pest abundance in 

common bean at the fourth week after planting. 
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Treatment Aphid Leaf hopper Blister beetle Caterpillar Grass hopper Oetheca 

Ocimum  suave 0.600a 0.700a 0.400a 0.500a 0.600a 0.400a 

Sphaeranthus suaveleons 1.000ab 0.800a 0.500a 0.600a 1.400ab 1.500ab 

Hyptis suaveleons 1.000ab 5.600b 1.000ab 3.600b 1.800ab 3.400b 

Dysphania ambrosoides 1.400b 8.000c 1.600b 4.600b 2.000b 5.600c 

Control 4.000c 12.400d 6.400c 7.400c 7.400c 10.400d 

Grand mean   1.62   5.71   2.04    3.46   2.67     4.38 

LSD   0.470   1.134   0.780    0.848   0.765     0.731 

P-Value   0.001   0.001   0.001    0.001   0.001     0.001 

Different letters within the same column are significantly different at p= 0.05 as determined by Tukey’s test  

Effects of field margins with insecticidal plants on the pest abundance in common 

bean at the sixth week after planting 

The results indicate that, there was a significant (P≤0.001) difference across the 

treatments. Field margins with insecticidal plants considerably reduced number of 

insect pest compared with the control. Grass hoppers (0.0) were not found in 

Ocimum suave treatment (Table 3). 

Table 3. Effects of field margins with insecticidal plants on the pest abundance in 

common bean at the sixth week after planting. 

Treatment Aphid Blister beetle Caterpillar Grass hopper Leaf hopper Flower beetle  

Ocimum  suave 0.400a 0.200a 0.200a 0.000a 0.200a 0.800a 

Sphaeranthus suaveleons 0.400a 0.200a 0.400a 0.200a 0.600a 1.200a 

Hyptis suaveleons 0.600a 0.200a 0.400a 0.200a 0.600a 1.600a 

Dysphania ambrosoides 0.800a 0.200a 0.600a 0.400a 0.800a 1.600a 

Control 4.600b 8.200b 12.600b 8.600b 14.000b 5.400b 

Grand mean   1.36   1.80   2.84   1.88   3.24   2.12 

LSD   0.698   0.670   0.813   0.59   0.723   0.895 

P-Value   0.001   0.001   0.001   0.001   0.001   0.001 

Different letters within the same column are significantly different at p = 0.05 as determined by Tukey’s test 

 

 

Effects of field margins with insecticidal plants on the pest abundance in common 

bean at the eighth week after planting 

The results on the effects of field margins with insecticidal plants on the pest 

abundance in common bean at 8th week after planting show that, there was a 

significant (P≤0.001) difference in insect pest abundance between the treatments. 
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The control was observed to harbor more insect pests while other treatments 

repelled insect pests. Aphid, blister beetle, caterpillar, grass hopper, leaf hopper 

were mostly repelled in Ocimum suave and Sphaeranthus suaveleons treatments 

(Table 4). 

Table 4. Effects of field margins with insecticidal plants on the pest abundance in 

common bean. 

Treatment Aphid Blister beetle Caterpillar Grass hopper Leaf hopper Flower beetle 

Ocimum  suave 0.000a 0.000a 0.000a 0.000a 0.000a 0.200a 

Sphaeranthus suaveleons 0.000a 0.200a 0.200a 0.000a 0.200a 0.400a 

Hyptis suaveleons 0.200a 0.400a 0.200a 0.200a 0.200a 0.400a 

Dysphania ambrosoides 1.200a 0.400a 0.200a 0.200a 0.200a 1.600b 

Control 4.800b 12.400b 6.800b 13.200b 3.400b 9.400c 

Grand mean   1.24    2.68   3.08   2.72   0.80    2.40 

LSD   1.332    0.618   0.527   0.618   0.813    0.698 

P-Value   0.001    0.001   0.001   0.001   0.001    0.001 

Different letters within the same column are significantly different at p = 0.05 as determined by Tukey’s test 

 

Effects of field margin with insecticidal plants on incidence and severity of pest 

foliage damage in common bean  

The results on the effects of field margins with insecticidal plants on incidence and 

severity are presented in Table 5.  The results depict that there was a significant 

(P≤0.001) difference in incidence and severity from 2nd to 8th week of common bean 

growth. Generally, control treatment had highest incidence and severity insect pests 

assessed and was followed by Dysphania ambrosoides, Hyptis suaveleons, 

Sphaeranthus suaveleons and Ocimum suave. The highest incidence (78.00) and 

severity (5.00) were observed in control at 8th week of common bean growth.
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Table 5. Effects of selected field margin plants on incidence and severity of foliage damage.  

 
2nd  week 4th week 6th week 8th week 

 

Incidence  Severity  Incidence  Severity  Incidence  Severity  Incidence  Severity  

Treatment  
Ootheca 

 

Aphids 

 

Aphids 

  

Flower beetle 

 

Ocimum suave 14.000a 1.000a 8.800a 0.600a   6.200a 0.400a 3.400a 0.200a 

Sphaeranthus suaveleons 18.000ab 1.200a 9.000ab 0.800a 7.200a 0.600a 4.800ab 0.400a 

Hyptis suaveleons 19.000ab 1.400a 10.000bc 1.200a 7.600a 0.600a 5.600ab 0.400a 

Dysphania ambrosoides 23.000b 1.600a 12.000c 1.200a 8.600a 0.800a 6.600b 0.600a 

Control 58.000c 3.000b 61.600d 3.400b 72.000b 4.000b 78.000c 5.000b 

Grand mean   26.40   1.64   20.28   1.44   18.64   1.28   19.68   1.32 

LSD   5.300   0.520   1.866   0.646   0.580   0.610   0.173   0.610 

P-value   0.001   0.001    0.001   0.001   0.001   0.001   0.001   0.001 

Different letters within the same column are significantly different at p= 0.05 as determined by Tukey’s test 
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Discussion 

The present findings indicated that at the early stage of common bean growth (2nd 

week) after planting, pest abundance, incidence, and severity of pest foliage damage 

were reduced in common beans surrounded by insecticidal plants compared with the 

control. Although there was a reduction of pest abundance, the incidence, and 

severity of pest foliage damage in beans which were surrounded by insecticidal 

plants at 2nd week after planting common beans, it was not comparable with the 

reduction which was observed in subsequent periods of common beans growth after 

planting (4th to 8th week). This may be due to the fact that at early stage of common 

bean growth, insecticidal plants in the field margins were also at their early stages of 

growth and had not reached their physiological maturity. Additionally, at this stage of 

common beans growth, insecticidal plants were at vegetative level implying that they 

were still developing. This findings are in agreement with the study by  (Abreu et al., 

2004) who reported that at the initial stages, insecticidal plants emit little amount of 

bioactive compounds (10%). Therefore, bioactive compounds emitted at early stage 

were probably not enough to repel insect pests in common beans. This might be the 

reason why the pest abundance, incidence, and severity of foliage pest damage 

observed in beans which were surrounded by Dysphania Ambrosoides, Hyptis 

Suavelons, Sphaeranthus suaveleons and Ocimum Suave was higher at 2nd week 

compared with the other periods of common bean growth. 

During the 4th to 8th week of bean growth, pest abundance, incidence, and severity 

were reduced considerably with time in common beans which were surrounded by 

field margins with insecticidal plants while increasing in the control. The decrease of 

pest abundance, incidence and severity can be explained by the fact that from 4 th to 

8th week, insecticidal plants were well grown and adapted to the study area. 

Furthermore, the field margin plants were at flowering stage implying that they were 

capable of emitting enough bioactive compounds to repel insect pests and attract a 

good number of natural enemies in the beans crops resulting in substantial reduction 

of insect pest damage of common bean foliage (Abreu et al., 2004; Figueiredo et al., 

2008). 
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From study findings, Ocimum suave performed better in reducing insect pest 

abundance and their damage compared to other insecticidal plants. This was 

probably due to the facts that the bioactive found in this plant were very effective in 

repelling insect pest compared to other secondary metabolites found in other plants 

assessed in this study. This findings are similar to Chogo and Crank (1981) who 

reported that eugonol was the most effective bioactive compounds repelled the 

insects.   

In contrast, in the control the pest abundance, incidence and severity of bean foliage 

pest damage were increased with growth-time of common bean. This suggests that 

as the common beans were growing, the number of insect pests that fed on leaves 

and flowers were also increasing considerably. This was due to the fact that, in the 

control there was no insecticide applied to control insect pests. This may be the 

reason to have higher pest abundance, incidence and severity of bean foliage 

damage in the control plot compared with other treatments. 

Conclusion  

This study has revealed that field margin with insecticidal plants are effective in 

reducing pest abundance, incidence and severity of foliage pest damage in common 

bean production. All field margins with insecticidal plants were observed to reduce 

considerably pest abundance, incidence and severity of foliage damage in bean 

production compared with other treatments. Considering the study findings on the 

reduction of pest abundance, incidence and severity of foliage damage, we thus 

conclude that the use of Dysphania Ambrosoides, Hyptis Suavelons, Ocimum Suave 

and Sphaeranthus suaveleons as field margin plants reduced the insect pest 

population and their infestations in bean fields. 
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