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ABSTRACT 

Maize in Zambia is a staple food crop. Its production, however, is threatened by pest 

damage which causes yield reduction and compromises the grain quality. Stem 

borers can cause 100% yield loss, however, Cotesia flavipes (Hymenoptera: 

Braconidae) and trap plants have been reported to reduce the damage. Establishment 

and impact of C. flavipes in Zambia‟s region II and other parts of region I are not 

known. A combination control method of C. flavipes as parasitoids and trap plants in 

Zambia is also not adequate. The study was conducted in two agro-ecological zones 

of Zambia, Lusitu (region I) and the University of Zambia field station (region II) 

during the 2015/ 2016 agriculture season. The specific objectives were: (1) to assess 

the parasitism of C. flavipes on stem borers in the traps and maize field of regions I 

and II; (2) to identify trap plants that can increase natural enemies and reduce stem 

borer attack in maize fields. Cow candy (Sorghum sudanense), Nutrifeed 

(Pennisetum spp.) and White Buffalo (Panicum maximum) varieties as trap plants 

were sown 3 weeks before planting maize (ZM 521 and MMV 409). The three trap 

plant varieties were sown around the maize, while a control had maize only and 

planted away from the other treatments. The following parameters were measured on 

both the open pollinated maize varieties and the trap plants; stem borer density, 

parasitism, leaf and cob damage, plant damage, maize yield and trap plant 

establishment. Data was collected at 18, 40 and 60 days after maize emergence. 5 

and 10 plants were randomly sampled, destructive sampling method was used and 

stem borers were collected, reared and identified. The results obtained at UNZA 

indicated that stem borer attack varied at different treatments. Leaf damage by stem 

borers was significantly different at 18 DAE (v.r = 5.95; Fpr = 0.01; P<0.05) and 40 

DAE (v.r. = 7.15; Fpr = 0.005; P<0.05). At 18 DAE Nutrifeed (mean=1.9a) trap 
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plant was significantly different from the control (mean=2.8) and white buffalo 

(mean=3.03) but was not significantly different from Cow candy (Sudan grass; 

mean=2.23. Cow candy was not significantly different from control and White 

buffalo at 18 DAE, whereas at 40 DAE both Nutrifeed (mean=3.13) and Cow candy 

(mean=3.47) were significantly different from White buffalo (5.23) but not with the 

control (mean=4.5). In Lusitu leaf damage was significantly different among the trap 

plants only at 40 DAE (v.r = 4.9; 3df; Fpr = 0.019; P<0.05) and not at 18 and 60 

DAE. UNZA results for borer tunnel length and number of stem borers both 

indicated significant differences among the trap plants at 40 DAE and not at 18 DAE 

and 60 DAE. Nutrifeed had the lowest mean number of borers and tunnel length, it 

was significantly different from White buffalo and control but not with Cow candy 

which was not significantly different from control and White buffalo. Cotesia 

flavipes was found to have established itself well in region II causing overall 

parasitism of 17.54% and 69.01% at 40 and 60 DAE. However, Parasitism was not 

significantly different across the growth stages and trap plants. Good cobs grain 

yield pointed to no significant differences among the trap plants, while stem borer 

damaged cobs showed significant differences among trap plants (v.r = 5.78; 3df; Fpr. 

= 0.011; P<0.05). Percentage damaged cobs showed significant differences among 

trap plants (v.r. = 3.81; Fpr. = 0.04; P<0.05); Nutrifeed induced the lowest cob 

damage and was significantly different from Cow candy but not significantly 

different from control and White buffalo. In conclusion, C. flavipes recoveries 

confirms its establishment in a non-release site of region II and the presence of 

Nutrifeed as a trap plant resulted in significant enhanced C. flavipes parasitism 

through attracting the larval parasitoids much more to the C. partellus. I therefore, 

recommend that small scale farmers must be encouraged to use Trap plants like 
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Nutrifeed as part of the Conservation Agriculture Practice and that further research 

must be conducted identifying suitable leguminous companion crops that could be 

used in stem borer reduction and C. flavipes attraction.  
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CHAPTER 1: INTRODUCTION 

1.1 General 

Maize (Zea mays L.) is one of the most vital food crops in Zambia. It is a major staple 

food crop for well over 90% of Zambians (Golden Valley Agricultural Research Trust, 

2009). It is used primarily for human consumption as porridge (nshima) or fresh as 

green maize. It is also utilized for livestock feed and for some industrial products such 

as corn flakes. Maize is mostly grown by small scale farmers whose productivity is quite 

low giving a national average yield ranging between 1, 000 and 2, 000 kilograms (kg) 

per hectare although genotypes with potential yields of above 5, 000 Kg per hectare 

abound. Early Warning Unit in 2007/2008 reported an average yield of 1, 100 Kg per 

hectare (Golden Valley Agricultural Research Trust, 2009). Farmers are faced with 

several production constraints resulting in low yields one of which are stem borers, as 

reported by Mailafaya et al (2011) to be the major biotic constraints to cereal 

production. Moreover, Polaszek (1998) has reported that yield losses as a result of stem 

borer damage can be as high as 100%. 

1.2 Background 

Kuhlman and Dedert (1987) indicated that several insects are known to attack cereal 

crops, among them, the lepidopteran stem borers are generally considered to be the most 

damaging. Stem borers are therefore, one of the major contributing factors to low maize 

yields in Zambia.  

There are three predominant species of cereal stem borers in Zambia, Busseola fusca 

Fuller (Lepidoptera: Noctuidae), Chilo partellus (Swinhoe) (Lepidoptera: Crambidae) 
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and Sesamia calamistis Hampson (Lepidoptera: Noctuidae) as indicated in Table 1 

below (Okech et al, 1994; Sohati et al., 2002).  

Table 1.1: Predominant Species of Stem Borers in Zambia 

Borer species Niche and prevalence Source  

Busseola fusca Occur at altitude of 1032 - >1300 m (region 

III); most widely distributed and 

predominant spp. 

Okech et al. (1994) 

Chilo partellus Occurs at altitudes of 350 – 1170 m Okech et al. (1994) 

Sesamia calamistis Prevalent in  regions I,II and III at low 

population 

Sohati et al. (2002) 

The spotted stem borer, C. partellus, which is an exotic species was accidentally 

introduced into Africa in the early 1950s and has been well established as a damaging 

pest of maize and sorghum in East and southern Africa, particularly in warmer and 

lowland areas (Sithole, 1989; Overholt et al., 1994a; Seshu Reddy, 1983). 

1.3 Statement of the Problem 

Several methods of controlling these borers exist, one of which is biological control. 

Biological control is preferred because it has the following advantages; use renewable 

resources (other insects to control destructive insects), minimizes toxics (eliminates use 

of toxic insects), manage ecological relationships (introduction of natural predators 

manages pest instead of “controlling” them), manage whole systems (colonization of 

predatory insects has lasting effects across farms, landscapes and bioregions) and 

maximize long-term benefits (introduction of predatory insects is a long term strategy 
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for controlling proliferation of harmful insects). One known means of biological control 

is the use of the parasitoid C. flavipes (Teetes and Young, 1977) if it is dispersed 

throughout the environment and colonizes other suitable habitats (Sallam et al., 2001). 

However, while several releases have been done in Zambia, establishment of the 

parasitoids in large densities sufficient to control the stem borer in maize fields seems to 

be a problem (Moonga, 2007). Previous works shows that reports in Zambia, Kenya and 

South Africa have indicated that where these parasitoids were released, the parasitoids 

have not established (Sohati et al., 2002; Overholt et al., 1994b; Kfir, 1994). Only a few 

reports in Zambia, Kenya, Tanzania, Uganda and Mozambique indicated establishment 

of the parasitoids (Moonga, 2007; Omwega et al., 1997; Overholt et al., 1997; Cugala et 

al., 1999) and even then, the parasitoids did not adequately reduce stem borer 

populations (Moonga, 2007).  

Another method that is commonly used under biological control is the use of trap crops 

which involves growing an alternative host to the main crop such as maize around as 

border rows in order to attract pests (Pickett et al., 2014). 

However, little is known on the use of C. flavipes as parasitoids and trap plants in 

Zambia to control stem borers. 

1.4 Justification 

The study will provide knowledge on use of combined methods that can effectively 

manage stem borers. It will benefit small holder farmers, government institutions and 

private institutions in Africa and world over. It is imperative that this study is done as 

stem borers can cause yield losses of up to 100% in Africa (Polaszek, 1998). While in 
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Zambia, from 1987-1990 stem borer infestations ranging from low (0.5 – 13%) to high 

(21-75%) have been reported (Okech et al., 1994). 

1.5 Objectives 

The overall objective of this study was to determine the establishment of parasitoids of 

stem borers in agro-ecological zone I and II of Zambia and their effective reduction of 

stem borer attack on maize (Zea mays) with different trap plants. 

The following were the specific objectives of the study; 

(i) To assess the parasitism of Cotesia flavipes on stem borers in the traps and 

maize field of regions I and II.  

(ii) To identify trap plants that can increase natural enemies and reduce stem 

borer attack in maize fields. 

1.6 Hypotheses 

This study tested the following hypotheses; 

(i) Higher number exotic larval parasitoid C. flavipes recovered from at least one of 

the stem borer species in maize – trap plants combination.  

(ii) Biological control activity of C. flavipes similar across all the maize - Trap 

plants combination. 
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CHAPTER 2: LITERATURE REVIEW 

2.1 Introduction 

Maize is their staple food crop for many inhabitants in Sub – Saharan Africa however its 

production is hampered by the presence of the lepidopterous stem borers (Kuhlman and 

Dedert, 1987). These stem borers attack maize at vegetative and reproductive stages and 

affect grain yield. Biological control using larval parasitoids such as C. flavipes has been 

found to be the most effective. Parasitism rates of between 10 – 80% have been 

achieved (Moonga, 2007; Mailafiya et al., 2010; and Dejen et al., 2013)  

2.2 Stem borers 

The three most common stem borers on maize, millet and sorghum found in Zambia 

according to Okech (1988) and Sohati et al. (2002) are: the African stalk borer, Busseola 

fusca Fuller (Lepidoptera: Noctuidae), African pink borer, Sesamia calamistis Hampson 

(Lepidoptera: Noctuidae) and the spotted stem borer, Chilo partellus (Swinhoe) 

(Lepidoptera: Crambidae). The review will therefore, focus on the aforementioned 

species of borers, and identify knowledge gaps. 

2.2.1 Origin and distribution of stem borers 

Busseola fusca according to Wahl (1926) and Matthee et al. (1974) originated in Africa 

and is thus, indigenous to Zambia. Busseola fusca was reported in Zambia by Sohati et 

al. (2002) to be predominant in high – altitude areas with high rainfall (region II and III) 

(Figure 1). Numbers in region II where B. fusca was recovered are likely to have 

dropped due to change in climate and competition with C. partellus (Kfir, 1997). 
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Sesamia calamistis is equally indigenous to Zambia (Sohati et al., 2002). S calamistis is 

prevalent in all the three agro-ecological zones of Zambia but in few numbers (Sohati et 

al., 2002).  

Chilo partellus originated in India (Kfir, 1992b) and was in the early 1950s accidentally 

introduced into Africa. Chilo partellus has since been well established in the East and 

Southern Africa thereby, causing economic damage to cereal crops, particularly in the 

warmer and lowland areas (Sheshu Reddy, 1983; Sithole, 1989; and Overholt et al., 

1994a). The exotic species according to Sohati et al. (2002) was more predominant in 

region I (areas with less than 800mm of rainfall per annum), low altitude areas with dry, 

hot climate in Zambia. The survey further indicated that C. partellus was abundant in 6 

districts namely Mkushi (Central province), Serenje (Central province), Luangwa 

(Lusaka province), Sesheke (Western province), Sinazongwe (Southern province) and 

Livingstone (Southern province). The invasive stem borer is anticipated to displace 

indigenous stem borers due to effects of climate change; most likely C. partellus has 

spread to various areas of the country that are not indicated in this survey (Bate et al., 

1991; Kfir, 1997). 
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Figure 1: Zambia’s Stem borer species conformation and dispersal in surveyed 

areas from 1997 – 1998 on maize and sorghum; Adapted from Sohati et al. (2002). 

Where, Bf – Busseola fusca, Cp – Chilo partellus and Sc – Sesamia calamistis 

2.2.2 Life cycle of stem borers 

It is important to understand the life cycle of stem borers for successful control. When 

stem borers hatch, excluding Sesamia calamistis that bore directly into stem (Bosque-

Pérez and Schulthess, 1998), most of the stem borer‟s first instar larvae initially feed on 

young leaf tissues, while the older larvae feed internally and tunnel into the stem tissues 

(Nye, 1960; Bosque-Pérez and Schulthess, 1998).  

Larval stage may last 25-58 days and may have 6-8 instars; this is dependent on the 

species and temperature conditions. Pupation normally takes 5-14 days after which adult 

moths emerge (Harris, 1990). In maize, stem borers pupate close to the tunnel exit or 

even partly outside the stem (Smith et al., 1993), which increases their accessibility, to 

parasitoids (Ndemah et al., 2001). On the contrary, in wild host plants, stem borers 

Region I Region II Region III

5% 

70% 

96% 

79% 

3% 1% 

17% 

27% 

3% 

Bf
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seldom pupate within plant stems, but rather on the outside often at the bottom of plants 

close to the roots in the soil (Mailafiya, 2009).  

Chilo partellus completes its life cycle in approximately 45 days (6 weeks) (Van den 

Berg, 1997). Both sexes of C. partellus moths live for approximately 4- 6 days (Berger, 

1989). Bestowing to Agrawal et al. (1990), the adult moth of C. partellus lays 50 – 100 

eggs per batch on lower and upper surfaces of the leaves inclusive of leaf sheaths 

(Algali, 1985). Adults do not live for more than a week precisely 2-5 days and 

habitually disperse near the emergence sites.  

The eggs of C. partellus are flattened scale like and oval with a whitish colour (Ampofo 

and Saxena, 1989). The eggs take 6 days after oviposition to hatch (Agrawal et al., 

1990). Chilo partellus passes through 5 instars enduring for six, four, five, three and 

seven days respectively (Gahukar, 1991). Sithole (1990) has also indicated that five 

instars are common. In a single growing season of maize five or more consecutive 

generations of C. partellus may develop (Harris, 1989).  

The first stage larvae of C. partellus ascend to the whorl and feed, as they ascend, their 

survival is not easy (Bernays et al., 1983). The climb exposes them to rain, especially 

when it is heavy, as it can wash them away from the plants. Agrawal et al. (1990) 

showed that the stem is bored by the 3rd instar stage larvae migrating from the whorl. 

Older larvae then bore into the internodes and feed inside the stem and later develop into 

pupae.  

Chilo partellus larvae are easily distinguished from the other species by their spotted 

appearance. Migration to adjacent plants by larvae merely happens when there is less 
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food (Berger, 1994), rise in interaction and reduction in food quality (Berger, 1992). 

Overpopulation of larvae has also been reported as one of the reasons for migration 

(Van Hamburg, 1979).  

A rounded exit hole is fashioned by C. partellus larvae just before pupating for the 

emerging moth to fly out (Ampofo and Saxena, 1989). In an event that the larva is 

parasitized, it will be the adult parasitoids instead, that would fly out through the exit 

hole. The larval stage lasts only for an average of 28 days (Harris, 1989). The pupa stage 

on the other hand has been reported by Ampofo and Saxena (1989) to take 8 – 10 days 

for the adult moth to emerge.  

Busseola fusca‟s 1 mm diameter and globular eggs are laid in a long column appearing 

whitish in colour, but turn darker when older (Tefera et al., 2010). Eggs of second 

generation may be laid on cobs of maize. The eggs hatch after about 10 days. Deep 

purple or black larvae climb up the plant into funnel, where they feed. The feeding on 

young leaves results in pin holes and “windows”.  

Busseola fusca larvae of the second generation may feed on cobs and later move to the 

stems. Larval stage lasts for about 5 weeks (35 days) or more depending on the 

environmental conditions. The fully matured larvae grow to about 40mm long and 

distinguished from other stem borer species by its small black spots along the sides of 

the body. As the larvae grow, they bore into the stems of plants and before pupating, 

create an exit hole for the adult moth.  

The pupa of Busseola fusca is about 25mm long, brownish in colour. The pupa of the 

first generation last 14 days, while for the second generation the period is longer 
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because the larvae goes into diapause, lasting until the next rains before pupating. The 

adult moth that emerges is copper brown in colour, with a wingspan of 40mm 

(Bijlmakers, 1989 and 2008; Kuhlman and Dedert, 1987) (Figure 2).   

 

Figure 2: Life cycle of Busseola fusca; Source:  http://www.mdpi.com/2075-

4450/5/3/539 

2.2.3 Stem borer damage and yield losses 

Mailafiya et al. (2011) reported that stem borers are major biotic constraints to cereal 

production. The lepidopterous borers have been said to cause yield losses varying 

greatly from 0-100% in Africa among ecological zones, regions and seasons (Polaszek, 

1998). However, other scientists have indicated that stem borers are responsible for 

http://www.mdpi.com/2075-4450/5/3/539
http://www.mdpi.com/2075-4450/5/3/539
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losses between 5-73% of potential yield under different agro-ecological conditions 

(Sheshu Reddy and Walker, 1990; De Groote 2002; De Groote et al., 2003). Surveys 

that were also conducted in Zambia during the 1987/88 and 1989/90 cropping seasons, 

to evaluate the extent of attack on maize by stem borers and their distribution (Okech et 

al., 1994) indicated that the infestations were low (0.5-13%) in regions I and II but high 

in other areas ranging from 21-75%. This clearly indicates the importance of stem borers 

and the need for further research to provide the necessary interventions for farmers. 

Severity and nature of stem borer damage depend upon the borer species, the plant 

growth stage, the number of larvae feeding on the plant and the plant‟s reaction to borer 

feeding (Bosque- Pérez et al., 1989). The borer larvae feed on maize plants thereby 

causing losses as a consequence of death of growing point (dead hearts), early leaf 

senescence, reduced translocation, lodging and direct damage to the ears (Appert, 1970; 

Breniere, 1971; Bosque – Pérez and Mareck, 1991). Infestations with stem borers were 

reported to increase significantly the incidence and severity of stalk rots (Bosque- Pérez 

and Mareck, 1991). A disturbance of plant growth is also possible when stem borer 

invasion is high upsetting severely panicle development and grain establishment, 

causing low kernel number and mass (Addo-Bediako and Thanguare, 2012). Such losses 

are unbearable especially to smallholder farmers who produce the majority of the crop. 

The farmers have a limited capital base to deal with any biotic stresses such as pests 

especially with the use of chemical control. Stalk borers can be very destructive to 

maize and thus contribute to the low maize yields in Zambia (Okech et al., 1994). 

Yield loss is more precise and reliable when determined by measuring the tunnel length 

rather than the number of stem borers recovered, this is because the stem borers at the 
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time of sampling might not always be found due to deaths as a result of parasitism or 

predation, or  development into adulthood (Mgoo, 2005). Under natural conditions, 

Songa et al. (2001) estimated a potential yield reduction of 40% as a result of tunnel 

lengths greater than 20cm. There is a possibility of even greater yield losses than 40% 

on a plant with greater than 20cm tunnel length as the plant may either break due to 

wind or rain or even rot due to infections. Susceptible cultivars have shown that there is 

a significant negative correlation between stem tunnelling and yield (Kumar, 1988).  

2.3 Biological control  

According to Teetes and Young (1977), the use of parasitoids and predators as 

biological controls are very well known to reduce population of pests. There are two 

known biological control methods that can control exotic pests such as stem borers and 

these are referred to as classical and augmentation controls. Debach (1974) and van den 

Bosch et al (1982) explain that augmentation involves active production and release of 

natural enemies provided they do not persist in the agro-ecosystem. On the other hand, 

Flint and van de Bosch (1981) indicated that classical biological control is where a 

natural enemy is introduced into a new environment to control a co-evolved invasive 

species. Sallam et al. (2001) explains that the released natural enemy is expected to 

disperse throughout the environment and colonize other suitable habitats. The natural 

enemy introduced should therefore reduce pest populations below the economic 

threshold and keep the population there (Hassel and Waage, 1984).  
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2.3.1 Parasitoids  

Researchers have indicated that biological control can control stem borers at almost 

every level of the stem borer‟s life cycle. Skovgård and Päts (1996) indicated that levels 

of egg parasitism of stem borers ranged from 19-76% in Kenya. Milner (1967) also 

reported high levels of larval parasitism in Zimbabwe and parts of Tanzania and pupae 

parasitism in western Kenya reached up to 58% (Sheshu Reddy, 1983). However, 

parasitism of stem borer eggs, larvae and pupae appears to fluctuate widely from season 

to season, from area to area and from site to site. This control is very important as it is 

environmentally friendly although it has not been utilized so much and thus the need for 

further research and recommendations with consideration of locality. The high cost and 

inefficacy of insecticides to control B. fusca and C. partellus in South Africa 

precipitated a biological control programme using exotic parasitoids (Kfir, 1992a).  

According to Bonhof et al. (1997); Zhou et al. (2003) and Mailafiya et al. (2009) stem 

borers are attacked by a diverse group of both indigenous and exotic parasitoids. It is 

assumed that parasitism is higher on stem borer populations residing in wild grass 

communities than on those in cultivated crops due to: (1) non-periodic re-colonization of 

natural habitats by parasitoids (Conlong 1994), and (2) slow stem borer larval growth 

rates which increases their temporal window of susceptibility to stage specific 

parasitoids (Overholt, 1998). Parasitization of cereal stem borer pests during the non-

cropping (off) season may therefore occur mainly in natural habitats (Schulthess et al., 

1997). In contrast, Mailafiya et al (2011) reported differently. In their findings they 

reported that parasitism was more in cultivated habitats of maize or sorghum (76.4%) 
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than in natural habitats of Cyperus spp. or Panicum spp. or Pennisetum spp. or Sorghum 

spp. (14.5%). 

2.3.1.1 Indigenous Parasitoids of cereal stem borers in Zambia 

According to Mohyuddin and Greathead (1970); and Zhou et al. (2003), Cotesia 

sesamiae Cameron is the most common indigenous gregarious larval parasitoid of cereal 

stem borers. However, its parasitism on the invasive stem borer larvae that is of 

economic importance, C. partellus is very low. Overholt et al. (1994a) at Kenya coast 

recorded 0.5% of generational mortality of C. partellus inflicted by C. sesamiae on 

maize. In relation to this finding, the indigenous parasitoids cannot effectively reduce 

stem borers and ultimately contribute to high yields. This may be attributed to their 

ability to search for their host.  

Dentichasmias spp. in few numbers is reported to have emerged from the stem borer 

cocoons in a survey conducted by Sohati et al. (2002). The indigenous species is equally 

ineffective in the control of stem borers as parasitism is only effected at pupa stage of 

the borer, at this time, the borer would have already caused significant damage to the 

crop.   

2.3.1.2 Exotic Parasitoids of cereal stem borers in Zambia 

Cotesia flavipes is an exotic endoparasitoid of C. partellus larvae and a native of the 

Indo-Australian region (Overholt et al., 1994b). Cotesia flavipes has played an 

important role in the area of classical biological control due to its searching abilities as 

compared to indigenous parasitoids (Overholt et al., 1994a). Moreover, the ability of an 

exotic natural enemy to be specific to its host species with less or no effect to non - 
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target hosts in ecosystem is a major objective of classic biological control (Howarth, 

1991; Greathead, 1995). Sallam et al. (1999) in their study concluded that C. flavipes 

has a higher searching ability than C. sesamiae especially with C. partellus as host. 

Overholt et al. (1994b) has indicated that C. partellus has been a target of classical 

biological control efforts. 

Sallam et al. (1999) reported non significance difference in the parasitism when S. 

calamistis Hampson was host. Even though C. flavipes has a preference for C. partellus 

it can also parasitize B. fusca (Matama et al., 2010; Dejen et al., 2013). Matama et al. 

(2010) showed that B fusca parasitism was low (12%) as compared to that of C. 

partellus (31%). Dejen et al. (2013) affirms by showing that C. flavipes parasitism was 

low (6%) in areas dominated by B. fusca and high (32 – 82%) in those dominated by C. 

partellus.  

Moreover, studies have shown that C. partellus could be displacing indigenous stem 

borers (Overholt, 1998), an effect that could be associated with climate change. 

Considering that C. partellus is a foreign species of stem borers, the impact of 

indigenous parasitoids to economically control the stem borer may become unbearable. 

Mailafiya et al. (2010) have shown that parasitism of C. partellus which could not go 

above 3% by C. sesamiae, with C. flavipes can now be at 45.93% on maize and 50% on 

sorghum in cultivated habitats. 

2.3.1.3 Parasitoid Releases in Zambia 

Cotesia flavipes from the International Centre for Insect Physiology and Ecology 

(ICIPE) Kenya was first introduced in Zambia in 1999, in three pilot sites, namely 

Luangwa, Sesheke and Sinazongwe Districts (Sohati et al., 2002). A total of 4,500 
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cocoons of C. flavipes in 1999 were released in Luangwa, Sesheke and Sinazongwe 

Districts, the first area being at Buleya Malima Irrigation Scheme in March (Sohati et 

al., 2002). A follow up release in the year 2000 of 6,800 cocoons was done at the three 

pilot sites as indicated above and as shown in Table 2-1 and Figure 3. 

Table 2.1: Releases of Cotesia flavipes for the control of Chilo partellus in Zambia, 

1999 - 2000 

Date Province/District Locality Altitude(m) No. of Cotesia flavipes 

cocoons released 

12/3/99 Southern, Sinazongwe Buleya Malima 528 1000 

18/3/99 Western, Sesheke Kalobolelwa 1043 500 

31/3/99 Lusaka, Luangwa Kakaro 370 500 

10/4/99 Western, Sesheke Kalobolelwa 1043 500 

24/4/99 Lusaka, Luangwa Kakaro 370 1000 

03/3/00 Southern, Sinazongwe Buleya Malima 528 1000 

15/4/00 Western, Sesheke Kalobolelwa 1043 1000 

04/6/00 Western, Sesheke Kalobolelwa 1043 1000 

22/6/00 Lusaka, Luangwa Kakaro 370 2000 

14/6/00 Lusaka, Luangwa Hotela  600 

14/6/00 Lusaka, Luangwa Kakaro 370 400 

21/7/00 Lusaka, Luangwa Hotela  1000 

21/7/00 Lusaka, Luangwa Kakaro 370 1000 

31/7/00 Lusaka, Luangwa Hotela  500 

31/7/00 Lusaka, Luangwa Kakaro 370 1500 

22/9/00 Southern, Sinazongwe Buleya Malima 528  

06/10/00 Southern, Sinazongwe Buleya Malima 528 800 

Source: Sohati et al. (2002). 
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Figure 3: 1999 – 2000 Cotesia flavipes releases, recoveries (Sohati et al 2002) and 

study areas for this research 

2.3.1.4 Parasitoid establishment 

It is important to note that success of parasitism is dependent on the parasitoid‟s ability 

to find mates, reproduce, disperse and locate hosts in any area where it is released 

(Sallam et al., 2001). Weidenmann and Smith Jr. (1993) and Vet et al. (2002) indicated 

that parasitoids, in their locating of hosts and host habitats, use acoustic, mechanical, 

visual and chemical cues or a combination of these cues. Furthermore, Schoonhoven et 

al. (1998) reported that shape, size and colour of plants also play a vital role in host 

selection.  

Study areas 
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Overholt et al. (1994a) indicated that the exotic larval parasitoid C. flavipes released in 

the southern coastal area of Kenya in 1993 established and spread several kilometers 

and colonized new areas. In 1999, Emana et al. (2001) recorded C. flavipes even when it 

was not released in Ethiopia. Therefore, Emana (2008) and Yossef et al. (2008) 

estimated that C. flavipes dispersal rate is approximately 200 Km per year. The 

recovered C. flavipes parasitoids were postulated to have dispersed from either Uganda 

or Somalia or Kenya or Tanzania (Emana et al., 2001; Emana, 2007). Sohati et al. 

(2002) findings in Zambia, also indicated that, there were no recoveries of C. flavipes in 

three pilot areas that is Sinazongwe, Sesheke and Luangwa districts in 1999. Non 

establishment of parasitoids according to Kfir et al. (2002) and Getu et al. (2004) is 

abiotic factors such as temperature and relative humidity which influence parasitoid 

performance. 

However, a success was recorded by Cugala et al. (1999) in Mozambique in biological-

control campaign against S. calamistis and C. partellus. Moonga (2007) in her study 

indicated that C. flavipes is fairly well established in agro-ecological region I of Zambia 

(specifically in Sinazongwe district). Moreover, Moonga (2007) also concluded that 

despite the parasitoid being fairly established it did not adequately reduce stem borer 

populations. She attested this to low parasitism levels at peak stem borer incidences; that 

is, incidences of C. flavipes larvae being at its peak during the early growth stages of 

maize and lowest at maturity. There is therefore, need to determine establishment of C. 

flavipes in other agroecological zones such as region II and other parts of region I.    
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2.4 Other control techniques 

2.4.1 Trap Plants 

Trap plants according to Ofomata et al. (2000) have been reported to be an effective 

control technique of stem borers, they indicated that C. partellus and C. 

orichalcociliellus were much higher in napier grass (Pennisetum purpureum Schumtcher 

(Poaceae )), guinea grass (Panicum maximum Jacq. (Poaceae)) and wild sorghum 

(Sorghum arundinaceum (Desv.) Stapf. (Poaceae)) than in maize and sorghum. 

According to this finding it can be said that the stem borers can survive the non-

cropping season by feeding on natural habitat. However, Mailafiya et al. (2011)‟s 

findings indicated that stem borers of cereals do not necessarily survive the noncropping 

season, instead, the natural habitats provide refuge for some parasitoid species. It is 

imperative that these wild grasses are then integrated in the farming systems, to be able 

to provide a suitable environment for the parasitoids and to necessitate control of stem 

borers. In Zambia the use of trap plants especially for the control of stem borers has 

been neglected and yet it is an important technique that small scale farmers can benefit 

from.  

2.4.2 Herbivore Induced Plant Defence 

Plants have over time evolved and thereby devising survival mechanisms in order to 

prevent crop damage from insects (Kessler and Baldwin, 2001). Plants activate defences 

such as phytoalexins or protenase inhibitors when attacked by herbivores (Nelson et al., 

1983; Pearce et al., 1993), thereby, attracting or sending signals to either parasitoids or 

predators (Stowe et al., 1995). According to Nordlund and Lewis (1976), natural organic 

compounds conveying chemical messages are called semiochemicals. These can 
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therefore, either be volatile or non-volatile and broadly classified as either pheromones 

or allelochemicals. Pheromones (alarm, sex and trail) mediate intraspecies interaction 

while, allelochemicals (classified into allomones, Kairomones and synomones) mediate 

interspecies communications. The plants interaction with both parasitoids and stem 

borers is improved by the plants utilization of allelochemicals (Nordlund, 1981). 

Dudareva et al. (2006) reported that greatest herbival induced plant volatile organic 

compounds consists mainly of phenylpropanoids/ benzenoids, terpenoids and amino 

acid and fatty acid derivatives.  

Terpenoids are a varied cluster of carbon-based compounds, all of which are resulting 

from five-carbon isoprene and are universally distributed (Mithöfer and Wilhelm, 2012). 

Terpenoids released by plants in response to insect damage (e.g. stem borers) rather than 

physical damage, enables the parasitoids to distinguish between non infested and 

infested plants (Turlings et al., 1995). Augmented release of volatile compounds by 

plants due to insect attack is used as „cry for help‟ and this lures parasitoids in titrophic 

interactions (Turlings and Ton, 2006). However, many volatile organic compounds‟ 

composition is influenced by the mode of damage, for example wounding (Mithöfer et 

al., 2005), herbivore feeding and egg deposition (Hilker and Meiners, 2006). 

2.4.3 Push and Pull Technology 

Push and pull technology in Africa was developed by ICIPE and Rothamsted Research 

scientists from Kenya and United Kingdom respectively, in association with other 

Eastern African Research Organizations, for smallholder farmers involved in cereal 

production against lepidopterous stem borers in the Sub-Saharan Africa (Pickett et al., 

2014). Pyke et al. (1987) were the first to consider the term „push-pull‟ as a 
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management strategy for insect control in Australia. Miller and Cowles (1990) in the US 

later formalized and refined the concept by terming it „stimulo-deterrent diversion‟. It 

uses a mixture of companion plants as semiochemicals, as plant secondary metabolites 

that are valuable forage for animal husbandry (Pickett et al., 2014).  

The „‟Push‟‟ concept works in such a way that repellent semiochemicals such as organic 

isothiocynates of brassicaceous crops prevents the pests (stem borers) from attacking the 

crop of interest while attracting parasitoids or increasing their foraging (Pickett et al., 

2014). The companion crop e.g., Desmodium spp. is planted either between the main 

crop rows or openly by varying the crop, with the benefits of controlling parasitic 

weeds, such as, Striga hermonthica and fixing nitrogen.  

The „‟Pull‟‟ is where a trap plant that is attractive to the pest via production of attractive 

semiochemicals is grown around the main crop as border rows. Volatile organic 

compounds, for example, (Z)-3-hene-1-yl acetate, hexanal, (Z)-3-hexen-1-ol and (E)-2-

hexanal released by maize and trap plants (Napier and Sudan grass) draw stem borer 

moths (Khan et al., 2000). This is in order to promote egg laying, hence the trap plant is 

planted much earlier (2 to 3 weeks) than the main crop (Pickett et al., 2014).  

Birkett et al. (2006) showed that trap plants emit significantly more volatile organic 

compounds that attract stem borers more than to the maize (main crop). Furthermore, 

Chamberlain et al. (2006) has shown that an increase of 100 fold of these compounds 

during the time when moths are actively seeking hosts for ovipositing (scotophase) such 

as the trap plants is possible, while in the main crop increases of 10 times less than in 

the trap plants can be achieved. According to Picket et al. (2014), egg laying specifically 
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on open pollinated maize varieties (OPVs), induces production of compounds known as 

homoterpenes as a form of defense mechanism.  

Terpenoids (E-β-farnesene) released from plants such as maize serve as potential lures, 

attracting parasitoids and thereby, acting as kairomones (Ngi-Song et al., 2000; Gohole 

et al., 2005). Studies have indicated that in both OPVs and sorghum, homoterpenes are 

induced rather late for them to be of benefit in economic pest management (Pickett et 

al., 2014). According to Pickett et al (2014) Napier grass (Pennisetum purpureum) and 

Sudan grass (Sorghum vulgare sudanense) have been identified as trap plants while 

molasses grass (Melinis minutiflora) and Desmodium (Desmodium uncinatum) are 

intercropped with maize.  

The adoption levels for this technique by smallholders have been growing, for example, 

in 2013, 60, 000 farmers in western Kenya were reported to be practicing “Push-pull‟‟ 

technique (Khan et al., 2014). 

2.4.4 Intercropping  

In this method, an alternative host plant to stem borers is planted together with an 

interest crop which is also a host to the pest at a particular ratio preferably 1:2 

alternative to main crop. Benoît et al. (2015), indicated that Sweet sorghum variety as an 

intercrop, compared to Sima and Madura varieties, resulted in higher yields of maize (1, 

190 Kg/ ha, 1, 160 Kg/ ha and 1, 130 Kg/ ha respectively). Benoît et al. (2015) further 

concluded that intercropped sorghum as biocontrol is not sufficient to repel stem borers 

even though it is preferred to maize. Considering the yield of maize in a sweet sorghum 

intercrop, Sweet sorghum is a potential trap plant.  
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CHAPTER 3: MATERIALS AND METHODS 

3.1 Location of experiment 

The two sites described below were selected on the basis of representation of regions I 

and II of the agroecological zones and hot spot areas for stem borer infestation. 

3.1.1 University of Zambia Field station 

The site selected at the UNZA field station was located at an elevation of 1,171 m above 

sea level, latitude of 15⁰23.596ˈS and longitude of 028⁰20.191ˈE with a total area of 1, 

232 m2 as shown in the map of Zambia above (Figure 3). The UNZA field station has 

over the years been used for experimental trials and crop production of different crops 

and falls in region II of the agro-ecological zones of Zambia. Region II is reported to 

have an altitude ranging from 900 – 1, 300 m above sea level; it receives annual rainfall 

ranging from 800 - 1, 000 mm and a crop growing season of about 100 - 140 days in a 

year; and experiences drought of about 1 - 3 ten-day periods (Bunyolo et al., 1997) 

during the crop growing period.     

3.1.2 Lusitu 

A similar experiment to the one at UNZA was set up in Lusitu on a farmer‟s field, 

located at an elevation of 422 m, latitude of 16⁰06.150ˈS and a longitude of 

028⁰45.352ˈE (Figure 3). Lusitu is in region I of the agro-ecological zones of Zambia. 

Region I according to Bunyolo et al (1997) lies in the lowlands with an altitude range of 

300 - 900 m above sea level, rainfall is up to 800 mm per annum, growing length of over 

80 - 120 days; and experiences about 5 ten-day periods of drought per growing season.  
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3.2 Plant Materials 

Seeds of two different Open Pollinated Varieties namely ZM 521 and MMV 409 

preferred by small holders in regions I and II, Guinea grass, Cow candy and Nutrifeed 

were used as planting materials. The trap plants used in this study are used as feed for 

livestock and their establishment in terms of growth is as important as their ability to 

reduce stem borers. 

3.3 Experimental procedure 

3.3.1 Experimental Design  

A split plot design was used (Figure 4) with the trap plants being in the subplot as the 

factor of interest, while the maize varieties were the main plot. Three replications were 

used and these were considered as blocks in order to reduce error. The maize varieties 

were the first to be randomized as main plot and then the four traps were also 

randomized. Randomization for the two sites was done separately. 

The total plot area was approximately 1,232 m2 (28 m x 44 m). Each plot was 4.5 m x 8 

m. The three rows of a maize variety was followed by 2 row grass treatment at 0.5 m 

apart; the grass were planted around the maize plants (Figure 4 and Appendix A and B). 

Control was a sole crop of maize plot further away from the trap plants with an intra – 

plot spacing of 5 m.    
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Figure 4: UNZA, School of Agricultural Sciences Field Station design, 2016 

Trap plant -Subplot 

Maize – Main plot 
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3.3.2 Land preparation 

Land clearing which involved slashing, at UNZA started on 4th to 6th December, 2015, 

while in Lusitu it was from 17th to 20th December, 2015. Land preparation was done by 

ploughing on the 9th and 11th January, 2016 at UNZA and Lusitu, respectively.  

3.3.3 Planting 

Planting was conducted during the 2015/ 2016 rain season, the three grass varieties were 

planted on 20th and 22nd December, 2015 at UNZA and in Lusitu, respectively. Three 

weeks after the grass varieties, the maize varieties were planted on 10th and 12th January, 

2016 at UNZA and Lusitu, respectively. Two seeds per station were planted in a three 

row plot at 25 cm intra-row and 75 cm inter-row (Chabi – Olaye et al., 2005). One meter 

space between the maize and the trap was left and the same space was adopted between 

the grasses which were the subplots, while maize was the main plot. A plant population 

of 120 maize plants per plot was maintained.  

Gapping for maize was done on 18th, 23rd January and 1st February, 2016 at UNZA due 

to bird damage. In Lusitu gapping was done on 6th and 16th February, 2016 due to poor 

rains and heat, which resulted in less moisture to support germination of the crop. 

3.3.4 Fertilizer application and weeding 

Fertilizer was applied at a recommended rate of 250 kg/ Ha D Compound 

(10N:20P:10K) as basal and 200 kg/ Ha Urea (46%N) as top dressing (Sinyinda, 2010). 

The D compound was applied during planting while the Urea was applied 4 weeks (one 

month) after planting of maize.  
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Weeding was done three times to avoid competition between the crop and weeds. It was 

difficult to weed in the trap plants as compared to weeding the maize; this was due to 

the space between the rows and also the rooting system of trap plants. At UNZA and 

Lusitu weeding was done from 4th to 6th February, 2016 and this was in both the traps 

and the maize plots using a hand hoe. 

3.3.5 Pest control 

No chemicals were used to control pests. Scouting was done to verify the presence of 

natural enemies and stem borers. A number of pests besides the pests of interest were 

observed these were; birds (partridges) at UNZA field station; termites and armoured 

crickets at Lusitu.   

In order to control the birds, bird scarecrows were placed at UNZA field station but the 

birds proved to be stubborn as they still caused damage to the crop. The birds followed 

the maize seeds planted at almost every station and ultimately affected even the already 

grown maize plants. To further control the birds, a person was put permanently to guard 

the crop in order to protect the crop.  

3.3.6 Insect Culture  

Second stage stem borer larvae from both maize and grass at UNZA field station at 40 

and 60 DAE were collected and reared in glass jars (Figure 5). Rearing was done at a 

temperature of 25±1⁰C and humidity of 70% in order to allow for growth of the stem 

borers. These glass jars were labeled and covered with mesh wire and cotton wool to 

prevent either parasitoids or adult stem borers from escaping after completion of their 

life cycles. The stem borers were fed on a natural diet of maize or grass stems (either 
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Pennisetum spp. or Sorghum sudanense) in order to keep them alive until the final 

growth stage. The stems were changed every after two to three days from the time 

introduced. Emerged adults of either stem borers or parasitoids were then identified and 

sexed; the recovered parasitoids were put in 70% ethyl alcohol for further identification 

to species level at the International Institute of Tropical Agriculture (IITA) in Cotonou, 

Benin.  
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Figure 5: Rearing Glass Jars with stem borers fed on natural food of maize  
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3.4 Data collection 

3.4.1 Sampling Procedure 

A destructive sampling method was used. 5 maize plants and 5 grass tillers were 

sampled at random in all the 24 plots. The sampled plants were then checked and 

measured for plant height, plant diameter, borer density, natural habitat establishment, 

plant damage parameters. All the maize plants in the 24 plots were also checked for 

stem borer damage on the leaves. 10 plants were sampled randomly at harvest time, to 

check for cob damage and to measure biomass and grain yields.    

3.4.2 Measurements 

The following parameters were considered; 

Establishment of natural habitats: was scored on 1-5 scale based on growth and area 

coverage (1 = poor, 2 = medium, 3 = good and 4 - 5 = very good) (Belay and Foster, 

2010). However, for convenience of data analysis scores 1 and 2 were used as poor 

establishment while 3 - 5 as good establishment. 

Plant height: was measured as height from the ground to the tip of the last leaf in 

centimeters. 

Stem diameter: was measured by using a veneer‟s calipers in centimeters.  

Plant damage: was determined by counting the number of exit holes (nodes and 

internodes bored), estimate of borer tunnel length using a 30 cm ruler, percentage of 

plants with dead – heart symptoms and percentage of plants with whorl damage. 
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Borer density: from the sampled 5 plants stem borers were counted and averages 

recorded for each plot. Since the interest crop was maize and the grasses were used for 

trapping, for the purpose of analysis, stem borers considered were those that were 

obtained from the maize plants. 

Stem borer leaf damage assessment: was measured at 18, 40 and 60 days after 

emergence of maize plant. Leaf feeding scores were based on severity of feeding 

punctures and scratches on the leaves of individual plants as well as number of plants 

infested within the plot. The scores of leaf damage by stem borers were recorded using a 

1 - 9 scale as described by Tefera et al. (2011) where: 1 denoted - no visible leaf feeding 

damage; 2 - few pin holes on older leaves; 3 - several shot-holes injury on a few leaves; 

4 - several shot-hole injuries common on several leaves or small lesions; 5 - elongated 

lesions (> 2 cm long) on a few leaves; 6 - elongated lesions on several leaves; 7 - several 

leaves with elongated lesions or tattering; 8 - most leaves with elongated lesions or 

severe tattering and 9 - plant dying as a result of foliar damage.  

Yield measurement: At maturity, 10 whole plants were randomly selected and 

harvested from each plot, ears with husks cut from the whole plant oven dried to 

constant moisture content, weighed and weight recorded as dry weight ears, husks were 

then removed and the damaged cobs noted and separated both damaged and good cobs 

were then threshed, weighed and further oven dried to constant moisture content, grains 

were then weighed and noted as dry grain weight, 10 fresh plants were also chopped and 

weighed and noted as total fresh weight of plants without ears, a sub sample was then 

taken weighing approximately one kilograms and recorded as fresh weight sub sample, 

the sub sample was then oven dried to constant weight, weighed and recorded as dry 
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weight sub sample. From this data, calculations were made to determine the biomass 

and grain yields as described by Castellanos-Navarrete et al. (2013) from the 

International Maize and Wheat Improvement Center (CIMMYT). 

Percentage cob damage: was assessed by counting the number of cobs damaged from 

the total cobs harvested. 

3.5 Data Analysis 

The model was as bellow; 

Yijk = µ + Ƭi + Ɓj + (ƬƁ)ij + Yk + (TY)ik + (ƁY)jk + (TƁY)ijk 

Where; 

µ - population mean 

Ƭi – Block effect 

Ɓj – Maize varieties effect 

(ƬƁ)ij – Error due to maize varieties 

Yk – Natural habitat effect 

(TY)ik – Error due to natural habitat 

(ƁY)jk – effects of interaction between maize varieties and natural habitat 

(TƁY)ijk – Sub plot error 

The data was analyzed using GenStart 17th edition statistical tool a VSNI product 

(https://www.vsni.co.uk/downloads/genstat/17th-edition/). Analysis of variance was 

https://www.vsni.co.uk/downloads/genstat/17th-edition/
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done at 5% level of significance and where significant, standard error and multiple 

comparisons were employed. Correlation and regression analysis were also performed to 

assess relationship between variables.   

The two specific objectives outlined above were analysed as follows; 

1. To determine the presence of parasitoids, an Analysis of Variance (ANOVA) 

was employed and when significant, standard error and multiple comparisons 

using Turkey‟s multiple range test was used. ANOVA was therefore performed 

on data collected at 40 DAE and 60 DAE on the parasitism on the following; (a) 

mean number of stem borers parasitized (b) percentage parasitism. Regression 

and correlation was also done to assess the relationship between parasitism and 

percentage good cobs with traps used as group. Summary analysis graphs were 

also created to easily interpret the analysed data. 

2. To determine whether trap plants increased natural enemies and reduced stem 

borer attack, an ANOVA was performed and were significantly different, 

standard error and multiple comparisons using Turkey‟s multiple range tests was 

used. ANOVA was performed on the following variates; (a) Exit holes at 18, 40 

and 60 DAE (b) Borer density at 18, 40 and 60 DAE (number of borers on the 

maize plant) (c) Leaf damage caused by stem borers at 18, 40 and 60 DAE (d) 

Tunnel length at 18, 40 and 60 DAE (e) Stem borer damage incidence at 18, 40 

and 60 DAE (f) Dead hearts and whorl damages (g) Percentage good and 

damaged cobs (h) Biomass and grain yield in Kg/ Ha. A correlation analysis was 
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also done to assess whether there was any positive or negative relationships 

among the treatments. 

Transformation of data was done as reported by Payne (2012). For number of stem 

borers, tunnel length and any other data that had zeros, transformation using log10 (y + 

1) was used in order to have a normal distribution.  
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CHAPTER 4: RESULTS 

4.1 Grass Establishment 

4.1.1 Trap Plant Establishment at UNZA  

Establishment of trap plants was recorded at 18 days after maize emergence (DAE), 40 

DAE and 16 DAE (Figure 6). Significant differences were observed at all the three 

growth stages of the trap plants in relation to the growth of maize (vr = 42.15, Fpr = 

<.001; vr = 122.38, Fpr = <.001 and vr = 216.38, Fpr = <.001 at 18, 40 and 60 DAE 

respectively). At 18 days after emergence of maize, both the control and White buffalo 

were not significantly different from each other (mean score of 1.0 for both – poor 

establishment) but both were significantly different from Cow candy and Nutrifeed. 

Cow candy and Nutrifeed were not significantly different from each other (means = 

3.333 and 3.5 respectively – good establishment) as indicated in Figure 6 below. Similar 

results were observed at 40 DAE. Mean scores at 40 DAE were 1 for both control and 

White buffalo an indication of poor establishment; while 3.333 and 3.833 for Cow 

candy and Nutrifeed good establishment were determined correspondingly. Significant 

differences were however, observed at 60 DAE between Cow candy (mean = 4.000) and 

Nutrifeed (mean 4.833) but no significant differences were recorded between White 

buffalo and the control even though they were both significantly different from Cow 

candy and Nutrifeed. 
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Figure 6: Trap plants' Establishment at 18, 40 and 60 DAE, UNZA Site 

4.1.2 Trap Plant Establishment at Lusitu  

Generally there was poor establishment as indicated in Figure 7 below. Despite the poor 

rainfall distributions, significant differences were observed at 18 (vr = 37.83, Fpr = < 

.001), 40 (vr = 97.0, Fpr = < .001) and 60 (vr = 39.2, Fpr = < .001) days after maize 

emergence (Figure 7). White buffalo and control at 18 DAE were observed to show 
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similar characteristics (mean scores of 1 for both) as those observed at UNZA in region 

II of the agro-ecological zone of Zambia. There was no significant difference between 

Cow candy (mean score = 2.167) and Nutrifeed (mean = 2.333) at 18 DAE, but both 

were significantly different from the control and White buffalo.  Control at 60 DAE was 

significantly different (mean score = 1) to all the three trap plants.  White buffalo (mean 

score = 2) was significantly different from both Cow candy and Nutrifed which were not 

significantly different from each other with mean scores of 3 and 3.667 respectively 

(Figure 7). 

 

Figure 7: Trap plants establishment at 18, 40 and 60 DAE, Lusitu Site 

4.2 Stem Borer Parasitism 

There was no parasitism at Lusitu site. However, parasitism was observed at the UNZA 

site although, there was no significant difference among the treatments (Table 4-1). Two 
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Parasitoid species were recovered at UNZA from pupae and larvae of C. partellus and 

B. fusca, namely; Dentichasmias busseolae Heinrich (Hymenoptera: Ichneumonidae) 

(B. fusca pupa) and C. flavipes (C. partellus and B. fusca larvae). The overall parasitism 

at 40 DAE was 18.97% of which C. flavipes caused 17.54% {15.79% C. partellus and 

1.75% B. fusca} parasitism and 1.72% was by D. busseolae on 1 pupa, while at 60 DAE 

the overall parasitism was at 69.01% by C. flavipes (50.70% C. partellus and 18.31% B. 

fusca).  
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Table 4.1: Parasitism at UNZA, School of Agricultural Sciences Field Station site  

Trap Plant  Mean Number of Larvae 

Parasitized 

Presence of Cotesia flavipes 

 40 DAE 60 DAE 40 DAE 60 DAE 

Nutrifeed 0.05(0.17)a 0.17(0.47)a + + 

Cow Candy 0.00(0.00)a 0.12(0.33)a - + 

White Buffalo 0.10(0.30)a 0.09(0.27)a + + 

Control 0.02(0.06)a 0.23(0.74)a + + 

P values 0.171 0.138 
  

Variance ratio 1.98 2.22   

Overall 

Parasitism 

18.97% 69.01% 17.54% 69.01% 

Dentichasmias 

busseolae 

Only 1 
recovery made 

   

In parenthesis actual mean number of borers parasitized, means from Turkey’s in 

columns followed by the same letters are not significant from each other. (+) 

presence of Cotesia flavipes, (-) Cotesia flavipes absent or not recovered at all. 

Parasitism also showed different relationships in relation to percentage good cobs across 

treatments. At 40 DAE Nutrifeed gave a positive linear relationship between parasitism 

and percentage good cobs (Figure 8). 
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Figure 8: Relationship between parasitism and percentage good cobs at 40 DAE 

4.2.1 Establishment of Cotesia flavipes 

The parasitoids that were recovered at the UNZA site were identified as C. flavipes at 

IITA – Benin.   
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4.3 Stem Borer Damage 

4.3.1 Borer Density 

The results presented here were from UNZA School of Agricultural Sciences Field 

station as there were literally no stem borers found in Lusitu at all the three growth 

stages of maize. There were no significant differences among treatments at 18 DAE (vr 

= 0.65, Fpr = 0.6). At this growth stage however, Nutrifeed (Pennisetum spp.) had the 

lowest number of stem borers per plant with a mean value of 0.16 followed by Cow 

candy (Sorghum sudanense) mean value of 0.33, then the control with a mean value of 

0.36 and finally White buffalo (Panicum maximum) mean of 0.39 (Figure 9).  

 

Figure 9: UNZA mean number of stem borers per plant at 18 DAE 

Figure 10 show that the number of stem borers per plant among the different trap plants 

at 40 DAE of the maize crop were significantly different (vr = 10.44 and Fpr = 0.001). 
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Nutrifeed (Pennisetum spp.) was significantly different (mean = 0.38) from the control 

(mean = 0.70) and White buffalo (Panicum maximum) (mean = 0.74) but was not 

significantly different from cow candy (Sorghum sudanense) (mean = 0.56).  

 

Figure 10: UNZA mean number of stem borers at 40 DAE 

There were no significant differences among the trap plants at 60 DAE (vr = 2.29 and 

Fpr = 0.130). Interestingly enough, the control and White buffalo had the lowest number 

of borers (0.35 and 0.4 respectively) as compared to Nutrifeed (mean = 0.42) and Cow 

candy (mean = 0.57).   

4.3.2 Stem Borer Leaf Damage  

The damage caused by larvae of stem borer on maize crop at Lusitu 18 DAE did not 

show any significant differences (vr = 0.8 and Fpr = 0.517) as shown in Figure 11. 
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Numerically, Nutrifeed and Cow candy had the lowest mean damage scores of 1 for 

both as compared to the control (1.033) and White buffalo (1.100). 

 

Figure 11: Lusitu mean Stem borer Leaf Damage Scores across treatments at 18 

DAE 

Non significant differences were also observed at 60 DAE among the trap plants (vr = 

1.0 and Fpr = 0.423). White buffalo numerically had the highest mean score of 1.033. 

Significant difference at Lusitu was only recorded at 40 DAE (vr = 4.9 and Fpr = 0.019). 

Nutrifeed (mean score of 1 - healthy) was significantly different from white buffalo 

(mean score = 1.40) but was not significantly different from cow candy (mean score = 

1.033) and control (mean score = 1.333). Figure 12 shows the effectiveness of different 

trap plant in reduction of stem borer damage on maize at 40 DAE.  
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Considering that none of the mean damage scores at Lusitu was at least 2 implies that 

the crop was healthy. These results also correspond with those of number of stem borers, 

as the damage on the leaves is dependent on the stem borer density per plant.  

 

Figure 12: Lusitu mean stem borer leaf damage at 40 DAE  

At UNZA site in region II, significant differences in stem borer leaf damage were at 18 

(vr = 5.95 and Fpr = 0.01) and 40 DAE (vr = 7.15 and Fpr = 0.005). Figure 13 displays 

mean leaf damage scores at 18 DAE, Nutrifeed (mean score = 1.9) was significantly 

different from both the control (mean = 3.033) and White buffalo (mean = 2.8) but was 

not significantly different from Cow candy (mean = 2.233).  
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Figure 13: UNZA mean stem borer leaf damage at 18 DAE 

Both Nutrifeed (mean score = 3.133) and cow candy (mean = 3.467) at 40 DAE were 

not significantly different they displayed similar damage scores on the maize leaf crop 

(Figure 14). The control was not significantly different from both the Nutrifeed and Cow 

candy, but the score was higher (4.5) and was therefore, not significantly different from 

White buffalo (mean = 5.233) which was significantly different from Nutrifeed and Cow 

candy. Similarly, Nutrifeed at 60 DAE effected the lowest stem borer damage even 

though there were no significant differences among the trap plants (Nutrifeed = 3.9; 

Cow candy = 4.933; White buffalo = 4.4 and control = 4.767). 
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Figure 14: UNZA mean stem borer leaf damage at 40 DAE 

4.3.3 Stem Borer Tunnel Length 

Stem borer tunneling at UNZA was not significantly different at 18 (vr = 0.46 and Fpr = 

0.713) and 60 DAE (vr = 1.18 and Fpr = 0.358) but was significantly different at 40 

DAE (vr = 4.9 and Fpr = 0.019). Cow candy (mean = 0.0303) and Nutrifeed (mean = 

0.0619) effected the lowest tunneling as compared to White buffalo (mean = 0.1115) 

and the control (mean = 0.1095) at 18 DAE. However, at 60 DAE the opposite was 

observed, the control (mean = 0.5523) and White buffalo (mean = 0.6053) produced the 

lowest damage as compared to Cow candy (mean = 0.7613) and Nutrifeed (mean = 

0.7206). Nevertheless, Nutrifeed at 40 DAE caused the lowest damage (mean = 0.69) 

and was significantly different from White buffalo (mean = 2.467) but not significantly 
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different from Cow candy (mean = 1.457) and the control (mean = 1.167), both of which 

were also not significantly different from white buffalo (Figure 15). 

 

Figure 15: UNZA mean stem borer tunnel lengths across growth stages 

4.3.4 Stem Borer Exit Holes 

The results at UNZA as described in Figure 16, showed that there were no significant 

differences at all the three growth stages of maize in the mean number of exit holes (vr = 

0.6 and Fpr = 0.626; vr = 3.07 and Fpr = 0.069; vr = 0.4 and Fpr = 0.756 at 18, 40 and 

60 DAE respectively). Cow candy (mean = 0.024) and Nutrifeed (mean = 0.067) had the 

lowest number of exit holes than White buffalo (mean = 0.091) and finally the control 

(mean = 0.109) at 18 DAE. White buffalo at 40 DAE had the highest mean number of 

exit holes and had almost a rapid decline as it got to 60 DAE and scored the lowest as 

compared to Cow candy which had the lowest even at 40 DAE but rapidly increased as 
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it got to 60 DAE. The control at 40 and 60 DAE was the second lowest, while Nutrifeed 

at both 40 and 60 DAE was the 3rd lowest in the number of exit holes. Nutrifeed showed 

a better trend as compared to the other three treatments. 

 

Figure 16: UNZA mean number of stem borer exit holes across growth stages  

4.3.5 Percentage Damaged Cobs 

Nutrifeed effected the lowest cob damage (33.81%) as compared to White buffalo 

(50.76%) and control (45%) although they were not significantly different from each 

other. Nutrifeed was found to be significantly different from Cow candy which recorded 

the highest cob damage of 68.79%. Figure 17 shows that there were significant 

differences among the trap plants (vr = 3.81 and Fpr = 0.04). 
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Figure 17: Mean stem borer Cob damage  

4.4 Maize Yield 

4.4.1 Biomass Yield 

The biomass yield at Lusitu was significantly different among the treatments (vr = 4.8 

and Fpr = 0.034) as shown in Figure 18 below. Maize biomass yield under Cow candy 

as trap plant was 1, 708 Kg/ ha and was the lowest hence significantly different from the 

control but not significantly different from Nutrifeed (mean biomass yield = 2, 172 Kg/ 

ha) and White buffalo (mean biomass yield = 2, 467 Kg/ ha). Nevertheless, Nutrifeed 

and White buffalo were not significantly different from the control. 
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Figure 18: Lusitu biomass yield in Kg/ ha 

Biomass yield at UNZA was not significantly different among the treatments (vr =2.62 

and Fpr = 0.099). White buffalo (20, 938kg/ ha) and Cow candy (20,328 Kg/ ha) had the 

highest biomass yields as compared to nutrifeed (19,524 Kg/ ha) and the control (16,845 

Kg/ ha). Figure 19 below shows the biomass yields of maize at different trap plants. 

 

Figure 19: UNZA biomass yield in Kg/ ha 
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4.4.2 Grain Yield at 12% Moisture Content 

There was no data on grain yield at Lusitu and hence not reflected here. However, at 

UNZA the grain yield from good cobs (undamaged cobs) indicated that there were no 

significant differences among the treatments (vr = 2.08 and Fpr = 0.157). A mean yield 

of 5, 246 kg/ ha was produced under Nutrifeed trap plant followed by White buffalo 

with a mean yield of 4, 792 Kg/ ha, then the control yielding 3, 958 Kg/ ha and lastly 

Cow candy causing a mean yield of 2, 746 Kg/ ha (Figure 20). 

 

Figure 20: UNZA mean maize grain yield at 12% moisture content in Kg/ ha 
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CHAPTER 5: DISCUSSION 

5.1 Parasitism of Cotesia flavipes on stem borers  

The study showed that Cotesia flavipes has established itself fairly well in agro 

ecological region II of Zambia since its release in 1999 and 2000 in Luangwa, Sesheke 

and Sinazongwe (Sohati et al., 2002). Similar results of its establishment were reported 

by Moonga (2007) in release and non release areas. However, the non release areas 

described by Moonga (2007) were within the district where C. flavipes was released. 

The case of this study is different because the study area was not in any district of 

release, the nearest being Luangwa (205.279 Km) then Sinazongwe (226.664 Km) and 

finally Sesheke (538.071 Km) from the recovery site. The C. flavipes recovered can be 

anticipated to have dispersed from the closest release site, in Luangwa 205.279 Km 

away or Sinazongwe 226.664 Km (direct routes) after 16 years and this confirms the 

findings of Emana (2008) and Yossef et al. (2008) who estimated that C. flavipes 

dispersal rate is approximately 200 Km per year. The results did not only show 

establishment but also showed that the parasitoids can effectively reduce stem borers on 

maize although there was no significant differences among the trap plants. Table 4 - 1 

showed an overall C. flavipes parasitism of 17.54% at 40 DAE and 69.01% at 60 DAE, 

the overall parasitism at 60 DAE on maize shows that C. flavipes can effectively reduce 

stem borers. These results are thus more representative than the ones reported by 

Moonga (2007) who reported overall parasitisms of 10.8% and 2.7% in 2005 and 2006 

respectively by C. flavipes in Zambia‟s Sinazongwe district. Mailafiya et al. (2010) also 

reported parasitism of 45.93% on maize and 50% on sorghum in cultivated habitats. 

However, Dejen et al. (2013) showed a much higher parasitism in Ethiopia of 72% on 
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maize and 82% on Sorghum in low lands were C. partellus was predominant, though 

they also recorded low parasitism of 6% in areas predominated by B. fusca. A better 

parasitism of C. flavipes in this study could have been due to the enhanced control 

combination method of using trap plants as reported by Weidenmann and Smith Jr. 

(1993) and Vet et al. (2002). Moreover, results clearly showed that Nutrifeed effected 

the lowest cob damage and therefore gave a better combination with C. flavipes in 

controlling stem borer damage. Additionally, the high percentage in parasitism could 

have been due to the searching abilities of C. flavipes as compared to the local species 

(Sallam et al., 1999).  

Interestingly enough, C. flavipes which is host specific to C. partellus also parasitized B. 

fusca. However, C. flavipes parasitized 15.79% C. partellus and 1.75% B. fusca at 40 

DAE and 50.70% and 18.31% at 60 DAE respectively. Nevertheless, other authors have 

also shown similar results of parasitism by C. flavipes on both C. partellus and B. fusca 

(Matama et al., 2010; Dejen et al., 2013).  

Since the stem borer densities at UNZA which were initially high at 18 DAE under the 

control and White buffalo treatments and remained high at 40 DAE when the overall 

parasitism was low, and drastically fell when the overall parasitism increased for the 

same treatments at 60 DAE, is a clear indication that parasitism can effectively reduce 

stem borers (Table 4-1). The grain yield of good cobs was also found to be non 

significant due to the effect of parasitism. However, the yield was higher with Nutrifeed 

(Pennisetum spp.) because Nutrifeed was a better trap plant than the rest. These results 

are in agreement with the push and pull method which prefers Pennisetum to be used as 

a „pull‟ crop (trap plant) as reported by Pickett et al. (2014). 
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5.2 Identification of Trap Plants 

Nutrifeed as compared to all the other treatments effected the lowest stem borer damage 

and was consistent with every other parameter that was measured. Two stem borers 

namely B. fusca and C. partellus were reported at UNZA and their density was not 

significantly different at 18 DAE. This could have been due to most of the first instar 

larvae being washed away by the rains. The lowest stem borer density as indicated 

above on the maize was caused by Nutrifeed (Pennisetum spp.). White buffalo and 

control had the highest number of stem borers because the maize crop under these 

treatments were not protected by the trap plants, thereby, being exposed to moths of 

stem borers which preferred to lay eggs more on them than on the other treatments. The 

control did not have trap plants while the same was the case of White buffalo (Panicum 

maximum) which took longer to germinate. The late germination of White buffalo could 

have been due to longer seed dormancy, this was similar for both field and laboratory 

experiments. More borers were observed on the maize with Cow candy as trap plant 

probably because the trap plant was more attractive to the stem borers than Nutrifeed 

and hence resulting in more borers crossing over to the maize crop more than it was with 

Nutrifeed (Van Hamburg, 1979; Berger, 1992; Berger, 1994). It can also be postulated 

that Cow candy (S. arundinaceum) released more volatile organic compounds than 

Nutrifeed (Pennisetum spp.) that resulted in it attracting more stem borer moths to lay 

eggs on it (Birkett et al., 2006; Chamberlain et al., 2006). It is also possible that the 

increase in population of stem borers on plots with Sorghum arundinaceum (Cow 

candy) as a trap plant resulted in competition that could have exacerbated migration to 

the main crop (Berger, 1994). These findings are not totally in agreement with Ofomata 

et al. (2000) who indicated that C. partellus and C. orichalcociliellus were much higher 



55 
 

in Napier grass (Pennisetum purpureum Schumtcher (Poaceae)), guinea grass (Panicum 

maximum Jacq. (Poaceae)) and wild sorghum (Sorghum arundinaceum (Desv.) Stapf. 

(Poaceae)) than in maize and sorghum. The findings of this study agrees only for the 

case of Pennisetum spp. and Sorghum spp. but not for Panicum maximum probably 

because P. maximum took longer to geminate and therefore, couldn‟t effectively work as 

a trap plant on which the moth could prefer laying eggs and instead preferred the maize 

crop which was more established and thus available for the pest. 

The UNZA results at 40 DAE for stem borer density indicated that the number of borers 

was more as most of them had reached second and others could have been in their third 

instars. Significant differences were observed at this level and Nutrifeed which effected 

the lowest density proved to be a better trap plant than the other treatments. The control 

and White buffalo had more stem borers this was so, because the stem borers laid eggs 

directly on the maize crop unlike on the plots where the Nutrifeed and Cow candy were. 

Hence, there was no significant difference between Nutrifeed and Cow candy, but 

Nutrifeed was significantly different from the control and White buffalo scoring the 

lowest density (Figure 10). 

However, at 60 DAE the numbers of stem borers per plant were not significantly 

different because of their reduction by C. flavipes parasitism and also could have been 

attributed to terpenoids that could have been produced by maize varieties (MMV 409 

and ZM 521) (Ngi Song et al., 2000; Gohole et al., 2005) which are open pollinated 

varieties (OPV). However, homoterpens are reported to be produced late by OPVs when 

stem borers would have already caused significant loses (Pickett et al., 2014). 
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Nutrifeed achieved the lowest cob damage of 33.81% as shown in Figure 17 better than 

the control and White buffalo which had 45% and 50.76% cob damage, respectively. 

These were not significantly different due to the effect of parasitism, but Nutrifeed was 

significantly different from Cow candy probably because there were too many borers 

that this trap had attracted, most of which cold have already bored into the cobs making 

it difficult for the parasitism to be effected. The same can be said about the grain yield 

which was not significantly different among the trap plants, though worth noting that the 

maize under Nutrifeed (Pennisetum spp.) yielded far much better than the rest of the 

treatments.  
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CHAPTER 6: CONCLUSION AND RECOMMENDATION 

6.1 Conclusion 

1. Cotesia flavipes recoveries confirm its establishment in a non release sight of 

region II. 

2. Presence of trap plants resulted in the following; 

a. Increased parasitism by biocontrol agent C. flavipes, 

b. Reduced stem borer infestation and damage in the intercrop maize 

varieties through either inducing defence response against Chilo partellus 

oviposition and tunnelling or attracting the moths to themselves rather 

than maize 

3. Among the trap plants, Nutrifeed (Pennisetum spp.) significantly enhanced C. 

flavipes parasitism through attracting the larval parasitoids much more to the 

Chilo partellus. 

6.2 Recommendations 

I therefore wish to give the following recommendations:  

1. The Ministry of Agriculture to encourage small scale farmers in region II to use 

Nutrifeed as a trap plant as part of the Conservation Agriculture Practice as it 

effectively reduces stem borer infestation in intercropped maize combination 

with enhanced parasitism by biological control agent, C. flavipes. 

2. Further research must be conducted by institutions such as UNZA, ZARI and 

IITA identifying suitable leguminous companion crops that could be used in 

stem borer reduction studies as they could also contribute towards nitrogen 
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fixation, parasitic weed control and parasitoid attraction. The study can also be 

extended to other regions of Zambia.  
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APPENDICES 

44 M  

 

 

 

 

28m 

 

8m 

2m 

 

7m 

2m 

 

7m 

 

V1  V2 

T2  T3  T4  T1 T4  T2  T1  T3 

 

V2  V1 

T1  T4  T2  T3 T3  T4  T2  T1 

 

V1  V2 

T4  T3  T2  T1 T2  T1  T3  T4 

 

4.5m  1m  4.5m    1m   4.5m  1m   4.5m  2m  4.5m  1m  4.5m 1m  4.5m   1m  4.5m 

TOTAL AREA OF DESIGN IS 1, 232 M2      

Key:  V1 – Variety one (MMV 409) V2 – Variety two (ZM 521) 

 T2 – Guinea grass (White buffalo)  T3 – Napier grass (Nutrifeed) 

 T4 – Sudan grass (Cow candy) T1 – Maize only 

Spacing 25 cm x 75 cm 

Plot dimensions; 

Horizontal; 

Grass  Maize Maize  Grass 

0.5 M 1 M 0.75 M 0.75 M 1 M 0.5 M 

            3 ROWS OF MAIZE 0.75 M APART 

Vertical; 

Appendix A: Project Design and layout (UNZA) 
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0.5 m Grass 

1 m  

5 m 20 plants (0.25m apart) 

 

1 m  

0.5 m Grass 

 

44 M  

 

 

 

 

 

28m 

 

8m 

2m 

 

8m 

2m 

 

8m 

 

V2  V1 

T2   T1  T3  T4 T1  T2  T3  T4 

 

V1  V2 

T3  T4  T2  T1 T2  T4  T3  T1 

 

V1  V2 

T3  T1  T2  T4 T1  T3  T2  T4 

 

4.5m  1m   4.5m  1m   4.5m   1m   4.5m  2m  4.5m 1m 4.5m  1m   4.5m   1m  4.5m 

TOTAL AREA OF DESIGN IS 1,232 M2      

Key:  V1 – Variety one (MMV 409)  V2 – Variety two (ZM 521) 

 T2 – Guinea grass (White Buffalo) T3 – Napier grass (Nutrifeed) 

 T4 – Sudan grass (Cow candy) T1 – Maize only 

Spacing 25 cm x 75 cm 

Appendix B: Project Design and layout (LUSITU) 
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Plot dimensions; 

Horizontal; 

Grass  Maize Maize  Grass 

0.5 M 1 M 0.75 M 0.75 M 1 M 0.5 M 

            3 ROWS OF MAIZE 0.75 M APART 

Vertical; 

0.5 m Grass 

1 m  

5 m 20 plants (0.25m apart) 

 

1 m  

0.5 m Grass 

 

Appendix C:  ANOVA table and multiple mean comparisons of Cotesia flavipes 

parasitism on C. partellus and B. fusca at UNZA (40 DAE)  

Variate: Log10Larvae_Parasitism 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 

  
Block stratum 2  0.009389  0.004694  0.20   

  
Block.Wplot stratum 
Variety 1  0.007753  0.007753  0.34  0.621 

Residual 2  0.046134  0.023067  3.95   
  

Block.Wplot.Subplot stratum 
Trap 3  0.034707  0.011569  1.98  0.171 
Trap.Variety 3  0.020812  0.006937  1.19  0.356 

Residual 12  0.070115  0.005843     
  

Total 23  0.188911       
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 Tukey's 95% confidence intervals (Transformed) 
  

  
Trap plant 

  
  
   Difference Lower 95% Upper 95%  Significant 

  Comparison   
 Cow candy vs Control  -0.02082  -0.1518  0.11020  no 

 Cow candy vs Nutrifeed  -0.05017  -0.1812  0.08085  no 
 Cow candy vs White Buffalo  -0.10124  -0.2323  0.02978  no 
 Control vs Nutrifeed  -0.02935  -0.1604  0.10167  no 

 Control vs White Buffalo  -0.08042  -0.2114  0.05060  no 
 Nutrifeed vs White Buffalo  -0.05107  -0.1821  0.07995  no 

  
  
  Mean   

 Cow candy  0.00000  a 
 Control  0.02082  a 

 Nutrifeed  0.05017  a 
 White Buffalo  0.10124  a 

Tukey's 95% confidence intervals (Untransformed) 
  

  
Trap plant 
  

  
   Difference Lower 95% Upper 95%  Significant 

  Comparison   
 Cow candy vs Control  -0.0556  -0.4656  0.3545  no 
 Cow candy vs Nutrifeed  -0.1667  -0.5767  0.2434  no 

 Cow candy vs White Buffalo  -0.3000  -0.7100  0.1100  no 
 Control vs Nutrifeed  -0.1111  -0.5211  0.2989  no 

 Control vs White Buffalo  -0.2444  -0.6545  0.1656  no 
 Nutrifeed vs White Buffalo  -0.1333  -0.5434  0.2767  no 
  

  
  Mean   

 Cow candy  0.0000  a 
 Control  0.0556  a 
 Nutrifeed  0.1667  a 

 White Buffalo  0.3000  a 
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Variate: UNZA Log10Larvae Parasitism 60DAE 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 

  
Block stratum 2  0.00123  0.00061  0.80   

  
Block.Wplot stratum 
Variety 1  0.00200  0.00200  2.62  0.247 

Residual 2  0.00153  0.00076  0.07   
  

Block.Wplot.Subplot stratum 
Trap 3  0.06957  0.02319  2.22  0.138 
Trap.Variety 3  0.00641  0.00214  0.20  0.891 

Residual 12  0.12520  0.01043     
  

Total 23  0.20594       

 Tukey's 95% confidence intervals  

  
  

Trap 
  
  

   Difference Lower 95% Upper 95%  Significant 
  Comparison   

 White Buffalo vs Cow candy  -0.02305  -0.1981  0.15203  no 
 White Buffalo vs Nutrifeed  -0.07322  -0.2483  0.10186  no 
 White Buffalo vs Control  -0.14036  -0.3154  0.03472  no 

 Cow candy vs Nutrifeed  -0.05017  -0.2253  0.12491  no 
 Cow candy vs Control  -0.11731  -0.2924  0.05777  no 

 Nutrifeed vs Control  -0.06714  -0.2422  0.10794  no 
  
  

  Mean   
 White Buffalo  0.0943  a 

 Cow candy  0.1174  a 
 Nutrifeed  0.1676  a 
 Control  0.2347  a 

Tukey's 95% confidence intervals  

  
  

Appendix D:  ANOVA table and multiple mean comparisons of Cotesia 

flavipes parasitism on C. partellus and B. fusca at UNZA (60 DAE) 
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Trap plant 
  

  
   Difference Lower 95% Upper 95%  Significant 

  Comparison   
 White Buffalo vs Cow candy  -0.0606  -0.6064  0.4852  no 
 White Buffalo vs Nutrifeed  -0.1995  -0.7453  0.3463  no 

 White Buffalo vs Control  -0.4717  -1.0175  0.0740  no 
 Cow candy vs Nutrifeed  -0.1389  -0.6847  0.4069  no 

 Cow candy vs Control  -0.4111  -0.9569  0.1347  no 
 Nutrifeed vs Control  -0.2722  -0.8180  0.2735  no 
  

  
  Mean   

 White Buffalo  0.2727  a 
 Cow candy  0.3333  a 
 Nutrifeed  0.4722  a 

 Control  0.7444  a 

Variate: Leaf Damage 18DAE UNZA 

  
Source of variation d.f. s.s. m.s. v.r. F pr. 

  
Blocks stratum 2  0.8633  0.4317  0.38   

  
Blocks.Wplot stratum 
Variety 1  0.0817  0.0817  0.07  0.813 

Residual 2  2.2633  1.1317  4.18   
  

Blocks.Wplot.Subplot stratum 
Trap 3  4.8317  1.6106  5.95  0.010 
Trap.Variety 3  1.7517  0.5839  2.16  0.146 

Residual 12  3.2467  0.2706     
  

Total 23  13.0383       
  
Tukey's 95% confidence intervals 

  
 

 Trap plant 
  

Appendix E: Appendix E: ANOVA table and multiple mean comparisons of 

UNZA stem borer leaf damage (18 DAE) 
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   Difference Lower 95% Upper 95%  Significant 

  Comparison   
 Nutrifeed vs Cow candy  -0.3333  -1.225  0.5582  no 

 Nutrifeed vs Control  -0.9000  -1.792  -0.0084  yes 
 Nutrifeed vs White Buffalo  -1.1333  -2.025  -0.2418  yes 
 Cow candy vs Control  -0.5667  -1.458  0.3249  no 

 Cow candy vs White Buffalo  -0.8000  -1.692  0.0916  no 
 Control vs White Buffalo  -0.2333  -1.125  0.6582  no 

  
  
  Mean   

 Nutrifeed  1.900  a 
 Cow candy  2.233  ab 

 Control  2.800  b 
 White Buffalo  3.033  b 
  

Variate: UNZA Leaf Damage 40DAE 

  
Source of variation d.f. s.s. m.s. v.r. F pr. 

  
Blocks stratum 2  1.4233  0.7117  2.36   
  

Blocks.Wplots stratum 
Variety 1  0.1067  0.1067  0.35  0.612 

Residual 2  0.6033  0.3017  0.39   
  
Blocks.Wplots.Subplots stratum 

Trap 3  16.6733  5.5578  7.15  0.005 
Trap.Variety 3  3.0533  1.0178  1.31  0.317 

Residual 12  9.3333  0.7778     
  
Total 23  31.1933       

Tukey's 95% confidence intervals 

  
  
Trap 

  
  

   Difference Lower 95% Upper 95%  Significant 
  Comparison   

Appendix F:  ANOVA table and multiple mean comparisons of UNZA stem 

borer leaf damage (40 DAE) 
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 Nutrifeed vs Cow candy  -0.333  -1.845  1.1783  no 
 Nutrifeed vs Control  -1.367  -2.878  0.1450  no 

 Nutrifeed vs White Buffalo  -2.100  -3.612  -0.5883  yes 
 Cow candy vs Control  -1.033  -2.545  0.4783  no 

 Cow candy vs White Buffalo  -1.767  -3.278  -0.2550  yes 
 Control vs White Buffalo  -0.733  -2.245  0.7783  no 
  

  
  Mean   

 Nutrifeed  3.133  a 
 Cow candy  3.467  a 
 Control  4.500  ab 

 White Buffalo  5.233  b 
 

Variate: UNZA Leaf Damage 60DAE 

  
Source of variation d.f. s.s. m.s. v.r. F pr. 
  

Blocks stratum 2  3.7200  1.8600  2.20   
  

Blocks.Wplot stratum 
Maize_Variety 1  0.1067  0.1067  0.13  0.757 
Residual 2  1.6933  0.8467  1.04   

  
Blocks.Wplot.Subplot stratum 

Trap 3  3.7733  1.2578  1.54  0.255 
Trap.Maize_Variety 3  2.7333  0.9111  1.11  0.382 
Residual 12  9.8133  0.8178     

  
Total 23  21.8400       

  
  
Tukey's 95% confidence intervals 

  
  

Trap 
  
  

   Difference Lower 95% Upper 95%  Significant 
  Comparison   

 Nutrifeed vs White Buffalo  -0.5000  -2.050  1.0501  no 
 Nutrifeed vs Control  -0.8667  -2.417  0.6834  no 

Appendix G:  ANOVA table and multiple mean comparisons of UNZA stem 

borer leaf damage (60 DAE) 



83 
 

 Nutrifeed vs Cow candy  -1.0333  -2.583  0.5167  no 
 White Buffalo vs Control  -0.3667  -1.917  1.1834  no 

 White Buffalo vs Cow candy  -0.5333  -2.083  1.0167  no 
 Control vs Cow candy  -0.1667  -1.717  1.3834  no 

  
  
  Mean   

 Nutrifeed  3.900  a 
 White Buffalo  4.400  a 

 Control  4.767  a 
 Cow candy  4.933  a 
 

 

Variate: Lusitu Leaf Damage 18DAE 
  

Source of variation d.f. s.s. m.s. v.r. F pr. 
  
Block stratum 2  0.05333  0.02667  4.00   

  
Block.Wplots stratum 

Variety 1  0.00667  0.00667  1.00  0.423 
Residual 2  0.01333  0.00667  0.40   
  

Block.Wplots.Subplots stratum 
Trap 3  0.04000  0.01333  0.80  0.517 

Trap.Variety 3  0.06000  0.02000  1.20  0.352 
Residual 12  0.20000  0.01667     
  

Total 23  0.37333       
  

  
Tukey's 95% confidence intervals 

  

  
Trap plant 

  
  
   Difference Lower 95% Upper 95%  Significant 

  Comparison   
 Cow candy vs Nutrifeed  0.00000  -0.2213  0.2213  no 

 Cow candy vs Control  -0.03333  -0.2546  0.1880  no 
 Cow candy vs White Buffalo  -0.10000  -0.3213  0.1213  no 

Appendix H:  H: ANOVA table and multiple mean comparisons of Lusitu 

stem borer leaf damage (18 DAE) 



84 
 

 Nutrifeed vs Control  -0.03333  -0.2546  0.1880  no 
 Nutrifeed vs White Buffalo  -0.10000  -0.3213  0.1213  no 

 Control vs White Buffalo  -0.06667  -0.2880  0.1546  no 
  

  
  Mean   
 Cow candy  1.000  a 

 Nutrifeed  1.000  a 
 Control  1.033  a 

 White Buffalo  1.100  a 
  

Variate: Lusitu_Leaf_damage_40DAE 
  

Source of variation d.f. s.s. m.s. v.r. F pr. 
  

Block stratum 2  0.01333  0.00667  0.08   
  
Block.Wplot stratum 

Variety 1  0.08167  0.08167  0.94  0.434 
Residual 2  0.17333  0.08667  1.70   

  
Block.Wplot.Subplot stratum 
Trap 3  0.75167  0.25056  4.90  0.019 

Trap.Variety 3  0.16500  0.05500  1.08  0.396 
Residual 12  0.61333  0.05111     

  
Total 23  1.79833       
  

  
Tukey's 95% confidence intervals 

  
  
Trap 

  
  

   Difference Lower 95% Upper 95%  Significant 
  Comparison   
 Nutrifeed vs Cow candy  -0.0333  -0.4208  0.3542  no 

 Nutrifeed vs Control  -0.3333  -0.7208  0.0542  no 
 Nutrifeed vs White Buffalo  -0.4000  -0.7875  -0.0125  yes 

 Cow candy vs Control  -0.3000  -0.6875  0.0875  no 
 Cow candy vs White Buffalo  -0.3667  -0.7542  0.0208  no 

Appendix I: ANOVA table and multiple mean comparisons of Lusitu stem 

borer leaf damage (40 DAE) 
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 Control vs White Buffalo  -0.0667  -0.4542  0.3208  no 
  

  
  Mean   

 Nutrifeed  1.000  a 
 Cow candy  1.033  ab 
 Control  1.333  ab 

 White Buffalo  1.400  b 
 

Variate: Lusitu_Leaf_Damage_60DAE 

  
Source of variation d.f. s.s. m.s. v.r. F pr. 
  

Block stratum 2  0.003333  0.001667  1.00   
  

Block.Wplot stratum 
Variety 1  0.001667  0.001667  1.00  0.423 
Residual 2  0.003333  0.001667  1.00   

  
Block.Wplot.Subplot stratum 

Trap 3  0.005000  0.001667  1.00  0.426 
Trap.Variety 3  0.005000  0.001667  1.00  0.426 
Residual 12  0.020000  0.001667     

  
Total 23  0.038333       

  
Tukey's 95% confidence intervals 

  

  
Trap 

  
  
   Difference Lower 95% Upper 95%  Significant 

  Comparison   
 Control vs Cow candy  0.00000  -0.06998  0.06998  no 

 Control vs Nutrifeed  0.00000  -0.06998  0.06998  no 
 Control vs White Buffalo  -0.03333  -0.10331  0.03664  no 
 Cow candy vs Nutrifeed  0.00000  -0.06998  0.06998  no 

 Cow candy vs White Buffalo  -0.03333  -0.10331  0.03664  no 
 Nutrifeed vs White Buffalo  -0.03333  -0.10331  0.03664  no 

  
  

Appendix J: ANOVA table and multiple mean comparisons of Lusitu stem 

borer leaf damage (60 DAE) 
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  Mean   
 Control  1.000  a 

 Cow candy  1.000  a 
 Nutrifeed  1.000  a 

 White Buffalo  1.033  a 

 

Variate: UNZA Borer Tunnel Length 18DAE 
  

Source of variation d.f. s.s. m.s. v.r. F pr. 
  
Block stratum 2  0.00381  0.00191  0.29   

  
Block.Wplot stratum 

Variety 1  0.00007  0.00007  0.01  0.926 
Residual 2  0.01336  0.00668  0.37   
  

Block.Wplot.Subplot stratum 
Trap 3  0.02499  0.00833  0.46  0.713 

Trap.Variety 3  0.01569  0.00523  0.29  0.831 
Residual 12  0.21570  0.01797     
  

Total 23  0.27363       
  

  
Tukey's 95% confidence intervals  

  

  
Trap 

  
  
   Difference Lower 95% Upper 95%  Significant 

  Comparison   
 Cow candy vs Nutrifeed  -0.1067  -0.8263  0.6130  no 

 Cow candy vs Control  -0.2133  -0.9330  0.5063  no 
 Cow candy vs White Buffalo  -0.2567  -0.9763  0.4630  no 
 Nutrifeed vs Control  -0.1067  -0.8263  0.6130  no 

 Nutrifeed vs White Buffalo  -0.1500  -0.8697  0.5697  no 
 Control vs White Buffalo  -0.0433  -0.7630  0.6763  no 

  
  

Appendix K: ANOVA table and multiple mean comparisons of UNZA stem 

borer tunnel length (18 DAE) 
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  Mean   
 Cow candy  0.0867  a 

 Nutrifeed  0.1933  a 
 Control  0.3000  a 

 White Buffalo  0.3433  a 
  

Variate: UNZA Borer Tunnel 40DAE 
  

Source of variation d.f. s.s. m.s. v.r. F pr. 
  

Block stratum 2  0.1539  0.0770  0.18   
  
Block.Wplot stratum 

Variety 1  1.9723  1.9723  4.55  0.167 
Residual 2  0.8670  0.4335  0.63   

  
Block.Wplot.Subplot stratum 
Trap 3  10.1486  3.3829  4.90  0.019 

Trap.Variety 3  9.0167  3.0056  4.36  0.027 
Residual 12  8.2801  0.6900     

  
Total 23  30.4386       
  

Tukey's 95% confidence intervals  

  

  
Trap 
  

  
   Difference Lower 95% Upper 95%  Significant 

  Comparison   
 Nutrifeed vs Control  -0.4767  -1.901  0.9472  no 
 Nutrifeed vs Cow candy  -0.7667  -2.191  0.6572  no 

 Nutrifeed vs White Buffalo  -1.7767  -3.201  -0.3528  yes 
 Control vs Cow candy  -0.2900  -1.714  1.1338  no 

 Control vs White Buffalo  -1.3000  -2.724  0.1238  no 
 Cow candy vs White Buffalo  -1.0100  -2.434  0.4138  no 
  

  
  Mean   

 Nutrifeed  0.690  a 
 Control  1.167  ab 

Appendix L:  ANOVA table and multiple mean comparisons of UNZA stem 

borer tunnel length (40 DAE) 
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 Cow candy  1.457  ab 
 White Buffalo  2.467  b 

 

Variate: UNZA Borer Tunnel Length 60DAE 
  

Source of variation d.f. s.s. m.s. v.r. F pr. 
  
Blocks stratum 2  11.083  5.541  1.83   

  
Blocks.Wplot stratum 

Variety 1  3.420  3.420  1.13  0.399 
Residual 2  6.043  3.022  0.44   
  

Blocks.Wplot.subplot stratum 
Trap 3  25.270  8.423  1.23  0.341 

Trap.Variety 3  2.561  0.854  0.12  0.944 
Residual 12  82.046  6.837     
  

Total 23  130.424       
  

  
Tukey's 95% confidence intervals 

  

  
Trap 

  
  
   Difference Lower 95% Upper 95%  Significant 

  Comparison   
 Control vs White Buffalo  -0.610  -5.092  3.872  no 

 Control vs Nutrifeed  -2.030  -6.512  2.452  no 
 Control vs Cow candy  -2.530  -7.012  1.952  no 
 White Buffalo vs Nutrifeed  -1.420  -5.902  3.062  no 

 White Buffalo vs Cow candy  -1.920  -6.402  2.562  no 
 Nutrifeed vs Cow candy  -0.500  -4.982  3.982  no 

  
  
  Mean   

 Control  2.760  a 
 White Buffalo  3.370  a 

 Nutrifeed  4.790  a 
 Cow candy  5.290  a 

Appendix M: ANOVA table and multiple mean comparisons of UNZA stem 

borer tunnel length (60 DAE) 
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Analysis of variance 
  

Variate: UNZA Exit Holes 18DAE 

  
Source of variation d.f. s.s. m.s. v.r. F pr. 

  
Block stratum 2  0.00099  0.00050  0.03   
  

Block.Wplot stratum 
Variety 1  0.00089  0.00089  0.06  0.836 

Residual 2  0.03200  0.01600  1.18   
  
Block.Wplot.Subplot stratum 

Trap 3  0.02439  0.00813  0.60  0.626 
Trap.Variety 3  0.01907  0.00636  0.47  0.709 

Residual 12  0.16222  0.01352     
  
Total 23  0.23957       

  
Tukey's 95% confidence intervals 

  
  
Trap 

  
  

   Difference Lower 95% Upper 95%  Significant 
  Comparison   
 Cow candy vs Nutrifeed  -0.1333  -0.7326  0.4659  no 

 Cow candy vs White Buffalo  -0.2000  -0.7992  0.3992  no 
 Cow candy vs Control  -0.2667  -0.8659  0.3326  no 

 Nutrifeed vs White Buffalo  -0.0667  -0.6659  0.5326  no 
 Nutrifeed vs Control  -0.1333  -0.7326  0.4659  no 
 White Buffalo vs Control  -0.0667  -0.6659  0.5326  no 

  
  

  Mean   
 Cow candy  0.0667  a 
 Nutrifeed  0.2000  a 

 White Buffalo  0.2667  a 
 Control  0.3333  a 

 

Appendix N: ANOVA table and multiple mean comparisons of UNZA stem 

borer exit hole (18 DAE) 
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Variate: UNZA Number of Exit Holes 40DAE 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 

  
Block stratum 2  0.03580  0.01790  1.21   

  
Block.Wplot stratum 
Variety 1  0.03902  0.03902  2.63  0.246 

Residual 2  0.02965  0.01483  1.08   
  

Block.Wplot.Subplot stratum 
Trap 3  0.12605  0.04202  3.07  0.069 
Trap.Variety 3  0.21523  0.07174  5.24  0.015 

Residual 12  0.16442  0.01370     
  

Total 23  0.61018       
  
Tukey's 95% confidence intervals 

  
  

Trap 
  
  

   Difference Lower 95% Upper 95%  Significant 
  Comparison   

 Cow candy vs Control  -0.00743  -0.2081  0.1932  no 
 Cow candy vs Nutrifeed  -0.00783  -0.2085  0.1928  no 
 Cow candy vs White Buffalo  -0.17229  -0.3729  0.0283  no 

 Control vs Nutrifeed  -0.00041  -0.2010  0.2002  no 
 Control vs White Buffalo  -0.16487  -0.3655  0.0358  no 

 Nutrifeed vs White Buffalo  -0.16446  -0.3651  0.0362  no 
  
  

  Mean   
 Cow candy  0.2654  a (0.9) 

 Control  0.2729  a (0.9) 
 Nutrifeed  0.2733  a (0.933) 
 White Buffalo  0.4377  a (2.133) 

Note: In parenthesis is untransformed mean number of exit holes 

Appendix O: ANOVA table and multiple mean comparisons of UNZA stem 

borer exit hole (40 DAE) 
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Variate: UNZA Exit holes 60DAE 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 

  
Block stratum 2  0.03648  0.01824  0.27   

  
Block.Wplot stratum 
Variety 1  0.00096  0.00096  0.01  0.917 

Residual 2  0.13679  0.06840  2.34   
  

Block.Wplot.Subplot stratum 
Trap 3  0.03497  0.01166  0.40  0.756 
Trap.Variety 3  0.00531  0.00177  0.06  0.980 

Residual 12  0.35074  0.02923     
  

Total 23  0.56525       
  
Tukey's 95% confidence intervals 

  
  

Trap 
  
  

   Difference Lower 95% Upper 95%  Significant 
  Comparison   

 White Buffalo vs Control  -0.00763  -0.3007  0.2854  no 
 White Buffalo vs Nutrifeed  -0.02257  -0.3156  0.2705  no 
 White Buffalo vs Cow candy  -0.09620  -0.3892  0.1968  no 

 Control vs Nutrifeed  -0.01494  -0.3080  0.2781  no 
 Control vs Cow candy  -0.08857  -0.3816  0.2045  no 

 Nutrifeed vs Cow candy  -0.07363  -0.3667  0.2194  no 
  
  

  Mean   
 White Buffalo  0.5646  a (2.800) 

 Control  0.5722  a (3.033) 
 Nutrifeed  0.5871  a (3.033) 
 Cow candy  0.6608  a (3.900) 

Note: In parenthesis is untransformed mean number of exit holes 

Appendix P: ANOVA table and multiple mean comparisons of UNZA stem 

borer exit hole (60 DAE) 



92 
 

Variate: UNZA Mean Number of Stem Borers 18DAE 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 

  
Block stratum 2  0.00251  0.00126  0.03   

  
Block.Wplot stratum 
Variety 1  0.01223  0.01223  0.31  0.635 

Residual 2  0.07976  0.03988  0.43   
  

Block.Wplot.Subplot stratum 
Trap 3  0.18153  0.06051  0.65  0.600 
Trap.Variety 3  0.20769  0.06923  0.74  0.549 

Residual 12  1.12471  0.09373     
  

Total 23  1.60844       
  
Tukey's 95% confidence intervals 

  
  

Trap 
  
  

   Difference Lower 95% Upper 95%  Significant 
  Comparison   

 Nutrifeed vs Cow candy  -0.1637  -0.6885  0.3611  no 
 Nutrifeed vs Control  -0.1977  -0.7225  0.3270  no 
 Nutrifeed vs White Buffalo  -0.2231  -0.7479  0.3016  no 

 Cow candy vs Control  -0.0340  -0.5588  0.4907  no 
 Cow candy vs White Buffalo  -0.0594  -0.5842  0.4653  no 

 Control vs White Buffalo  -0.0254  -0.5502  0.4994  no 
  
  

  Mean   
 Nutrifeed  0.1643  a (0.633) 

 Cow candy  0.3280  a (1.833) 
 Control  0.3620  a (1.667) 
 White Buffalo  0.3874  a (1.967) 

Note: In parenthesis is untransformed mean number of borers 

Appendix Q: ANOVA table and multiple mean comparisons of UNZA stem 

borer density (18 DAE) 
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Variate: Mean Number of Borers 40DAE 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 

  
Block stratum 2  0.00206  0.00103  0.00   

  
Block.Wplot stratum 
Variety 1  0.00627  0.00627  0.02  0.891 

Residual 2  0.52128  0.26064  17.23   
  

Block.Wplot.Subplot stratum 
Trap 3  0.47352  0.15784  10.44  0.001 
Trap.Variety 3  0.18364  0.06121  4.05  0.033 

Residual 12  0.18151  0.01513     
  

Total 23  1.36829       
  
Tukey's 95% confidence intervals 

  

  

Trap 
  
  

   Difference Lower 95% Upper 95%  Significant 
  Comparison   

 Nutrifeed vs Cow candy  -0.1756  -0.3864  0.03521  no 
 Nutrifeed vs Control  -0.3229  -0.5337  -0.11212  yes 
 Nutrifeed vs White Buffalo  -0.3547  -0.5655  -0.14385  yes 

 Cow candy vs Control  -0.1473  -0.3581  0.06348  no 
 Cow candy vs White Buffalo  -0.1791  -0.3899  0.03175  no 

 Control vs White Buffalo  -0.0317  -0.2425  0.17908  no 
  
  

  Mean   
 Nutrifeed  0.3819  a (1.633) 

 Cow candy  0.5575  ab (2.867) 
 Control  0.7049  b (4.700) 
 White Buffalo  0.7366  b (5.133) 

Note: In parenthesis is untransformed mean number of exit borers 

Appendix R: ANOVA table and multiple mean comparisons of UNZA stem 

borer density (40 DAE) 
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Variate: UNZA Mean Number of Borers (60 DAE) 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 

  
Block stratum 2  0.06574  0.03287  1.19   

  
Block.Wplot stratum 
Variety 1  0.00063  0.00063  0.02  0.894 

Residual 2  0.05508  0.02754  1.17   
  

Block.Wplot.Subplot stratum 
Trap 3  0.16212  0.05404  2.29  0.130 
Trap.Variety 3  0.06108  0.02036  0.86  0.486 

Residual 12  0.28270  0.02356     
  

Total 23  0.62735       
  
Tukey's 95% confidence intervals 

  
  

Trap 
  
  

   Difference Lower 95% Upper 95%  Significant 
  Comparison   

 Control vs White Buffalo  -0.0551  -0.3182  0.2080  no 
 Control vs Nutrifeed  -0.0762  -0.3393  0.1869  no 
 Control vs Cow candy  -0.2224  -0.4855  0.0407  no 

 White Buffalo vs Nutrifeed  -0.0211  -0.2842  0.2420  no 
 White Buffalo vs Cow candy  -0.1673  -0.4304  0.0958  no 

 Nutrifeed vs Cow candy  -0.1462  -0.4092  0.1169  no 
  
  

  Mean   
 Control  0.3451  a (1.300) 

 White Buffalo  0.4002  a (1.700) 
 Nutrifeed  0.4213  a (1.733) 
 Cow candy  0.5674  a (2.900) 

Note: In parenthesis is untransformed mean number of borers 

Appendix S: ANOVA table and multiple mean comparisons of UNZA stem 

borer density (60 DAE) 
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Variate: Grain_yield_good_cobs_at12%_moisture content 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 

  
Blocks stratum 2  2014463.  1007231.  0.07   

  
Blocks.Wplot stratum 
Variety 1  1687328.  1687328.  0.11  0.772 

Residual 2  30699036.  15349518.  4.41   
  

Blocks.Wplot.subplot stratum 
Trap 3  21694215.  7231405.  2.08  0.157 
Trap.Variety 3  8298898.  2766299.  0.79  0.520 

Residual 12  41804408.  3483701.     
  

Total 23  106198347.       
  
Tukey's 95% confidence intervals 

  
  

Trap 
  
  

   Difference Lower 95% Upper 95%  Significant 
  Comparison   

 Cow candy vs Control  -1212  -4411  1987  no 
 Cow candy vs White Buffalo  -2045  -5245  1154  no 
 Cow candy vs Nutrifeed  -2500  -5699  699  no 

 Control vs White Buffalo  -833  -4033  2366  no 
 Control vs Nutrifeed  -1288  -4487  1911  no 

 White Buffalo vs Nutrifeed  -455  -3654  2745  no 
  
  

  Mean   
 Cow candy  2746 kg/ha  a 

 Control  3958 Kg/ha  a 
 White Buffalo  4792 Kg/ha  a 
 Nutrifeed  5246 Kg/ha  a 

  

Appendix T:  ANOVA table and multiple mean comparisons of UNZA grain 

yield at 12% moisture content 
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Variate: %Damaged_Cobs 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 

  
Blocks stratum 2  0.12268  0.06134  3.60   

  
Blocks.Wplot stratum 
Variety 1  0.00379  0.00379  0.22  0.684 

Residual 2  0.03407  0.01704  0.51   
  

Blocks.Wplot.subplot stratum 
Trap 3  0.38394  0.12798  3.81  0.040 
Trap.Variety 3  0.02863  0.00954  0.28  0.836 

Residual 12  0.40282  0.03357     
  

Total 23  0.97593       

Tukey's 95% confidence intervals 

  

  
Trap 

  
  

   Difference Lower 95% Upper 95%  Significant 
  Comparison   
 Nutrifeed vs Control  -0.1119  -0.4259  0.2022  no 

 Nutrifeed vs White Buffalo  -0.1694  -0.4835  0.1446  no 
 Nutrifeed vs Cow candy  -0.3497  -0.6638  -0.0357  yes 

 Control vs White Buffalo  -0.0576  -0.3716  0.2565  no 
 Control vs Cow candy  -0.2379  -0.5519  0.0762  no 
 White Buffalo vs Cow candy  -0.1803  -0.4944  0.1337  no 

  
  

  Mean   
 Nutrifeed  0.3381  a 
 Control  0.4500  ab 

 White Buffalo  0.5076  ab 
 Cow candy  0.6879  b 

  

Appendix U: ANOVA table and multiple mean comparisons of UNZA 

percentage good cobs 
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Variate: UNZA Biomass Yield Kg/ha 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 

  
Blocks stratum 2  63089045.  31544522.  0.58   

  
Blocks.Wplot stratum 
Variety 1  38180844.  38180844.  0.70  0.491 

Residual 2  109210995.  54605498.  7.33   
  

Blocks.Wplot.subplot stratum 
Trap 3  58614769.  19538256.  2.62  0.099 
Trap.Variety 3  23390923.  7796974.  1.05  0.407 

Residual 12  89384354.  7448696.     
  

Total 23  381870931.       
  
Tukey's 95% confidence intervals 

  

  

Trap 
  
  

   Difference Lower 95% Upper 95%  Significant 
  Comparison   

 Control vs Nutrifeed  -2679  -7358  1999  no 
 Control vs Cow candy  -3483  -8161  1195  no 
 Control vs White Buffalo  -4093  -8771  585  no 

 Nutrifeed vs Cow candy  -803  -5482  3875  no 
 Nutrifeed vs White Buffalo  -1414  -6092  3265  no 

 Cow candy vs White Buffalo  -610  -5288  4068  no 
  
  

  Mean   
 Control 16,845 Kg/ ha  a 

 Nutrifeed 19,524 Kg/ ha  a 
 Cow candy 20,328 Kg/ ha  a 
 White Buffalo 20,938 Kg/ ha  a 

 

  

Appendix V: ANOVA table and multiple mean comparisons of UNZA 

biomass yield 
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Variate: UNZA Trap plant Establishment 18DAE 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 

  
Blocks stratum 2  0.0833  0.0417  0.14   

  
Blocks.Wplot stratum 
Variety 1  0.0417  0.0417  0.14  0.742 

Residual 2  0.5833  0.2917  1.05   
  

Blocks.Wplot.subplot stratum 
Trap 3  35.1250  11.7083  42.15 <.001 
Trap.Variety 3  0.7917  0.2639  0.95  0.447 

Residual 12  3.3333  0.2778     
  

Total 23  39.9583       
  
  

Tukey's 95% confidence intervals 

  

  
Trap 
  

  
   Difference Lower 95% Upper 95%  Significant 

  Comparison   
 Control vs White Buffalo  0.000  -0.903  0.903  no 
 Control vs Cow candy  -2.333  -3.237  -1.430  yes 

 Control vs Nutrifeed  -2.500  -3.403  -1.597  yes 
 White Buffalo vs Cow candy  -2.333  -3.237  -1.430  yes 

 White Buffalo vs Nutrifeed  -2.500  -3.403  -1.597  yes 
 Cow candy vs Nutrifeed  -0.167  -1.070  0.737  no 
  

  
  Mean   

 Control  1.000  a 
 White Buffalo  1.000  a 
 Cow candy  3.333  b 

 Nutrifeed  3.500  b 

 

Appendix W: ANOVA table and multiple mean comparisons of UNZA trap 

plant establishment 
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Variate: UNZA Trap Plant Establishment 40DAE 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 

  
Blocks stratum 2  0.0833  0.0417  0.14   

  
Blocks.Wplot stratum 
Variety 1  0.0417  0.0417  0.14  0.742 

Residual 2  0.5833  0.2917  2.62   
  

Blocks.Wplot.subplot stratum 
Trap 3  40.7917  13.5972  122.38 <.001 
Trap.Variety 3  0.1250  0.0417  0.38  0.773 

Residual 12  1.3333  0.1111     
  

Total 23  42.9583       
  
Tukey's 95% confidence intervals 

  
  

Trap 
  
  

   Difference Lower 95% Upper 95%  Significant 
  Comparison   

 Control vs White Buffalo  0.000  -0.571  0.571  no 
 Control vs Cow candy  -2.333  -2.905  -1.762  yes 
 Control vs Nutrifeed  -2.833  -3.405  -2.262  yes 

 White Buffalo vs Cow candy  -2.333  -2.905  -1.762  yes 
 White Buffalo vs Nutrifeed  -2.833  -3.405  -2.262  yes 

 Cow candy vs Nutrifeed  -0.500  -1.071  0.071  no 
  
  

  Mean   
 Control  1.000  a 

 White Buffalo  1.000  a 
 Cow candy  3.333  b 
 Nutrifeed  3.833  b 

 

Appendix X: ANOVA table and multiple mean comparisons of UNZA trap 

plant establishment (40 DAE) 
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Variate: UNZA_Trap_Establishment_60DAE 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 

  
Blocks stratum 2  0.0833  0.0417  0.14   

  
Blocks.Wplot stratum 
Variety 1  0.0417  0.0417  0.14  0.742 

Residual 2  0.5833  0.2917  2.63   
  

Blocks.Wplot.subplot stratum 
Trap 3  72.1250  24.0417  216.38 <.001 
Trap.Variety 3  0.7917  0.2639  2.38  0.121 

Residual 12  1.3333  0.1111     
  

Total 23  74.9583       
  
Tukey's 95% confidence intervals 

  

  

Trap 
  
  

   Difference Lower 95% Upper 95%  Significant 
  Comparison   

 Control vs White Buffalo  0.000  -0.571  0.571  no 
 Control vs Cow candy  -3.000  -3.571  -2.429  yes 
 Control vs Nutrifeed  -3.833  -4.405  -3.262  yes 

 White Buffalo vs Cow candy  -3.000  -3.571  -2.429  yes 
 White Buffalo vs Nutrifeed  -3.833  -4.405  -3.262  yes 

 Cow candy vs Nutrifeed  -0.833  -1.405  -0.262  yes 
  
  

  Mean   
 Control  1.000  a 

 White Buffalo  1.000  a 
 Cow candy  4.000  b 
 Nutrifeed  4.833  c 

 

Appendix Y:  ANOVA table and multiple mean comparisons of UNZA trap 

plant establishment (60 DAE) 
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Variate: Lusitu Trap Establishment (18 DAE) 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 

  
Block stratum 2  0.00000  0.00000  0.00   

  
Block.Wplot stratum 
Variety 1  0.04167  0.04167  0.25  0.667 

Residual 2  0.33333  0.16667  2.00   
  

Block.Wplot.Subplot stratum 
Trap 3  9.45833  3.15278  37.83 <.001 
Trap.Variety 3  0.79167  0.26389  3.17  0.064 

Residual 12  1.00000  0.08333     
  

Total 23  11.62500       
  
Tukey's 95% confidence intervals 

  

  

Trap 
  
  

   Difference Lower 95% Upper 95%  Significant 
  Comparison   

 Control vs White Buffalo  0.0000  -0.495  0.4948  no 
 Control vs Cow candy  -1.1667  -1.661  -0.6719  yes 
 Control vs Nutrifeed  -1.3333  -1.828  -0.8385  yes 

 White Buffalo vs Cow candy  -1.1667  -1.661  -0.6719  yes 
 White Buffalo vs Nutrifeed  -1.3333  -1.828  -0.8385  yes 

 Cow candy vs Nutrifeed  -0.1667  -0.661  0.3281  no 
  
   

  Mean   
 Control  1.000  a 

 White Buffalo  1.000  a 
 Cow candy  2.167  b 
 Nutrifeed  2.333  b 

  
  

Appendix Z: ANOVA table and multiple mean comparisons of Lusitu trap 

plant establishment (18 DAE) 
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Variate: Lusitu Trap Establishment 40DAE 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 

  
Block stratum 2  0.08333  0.04167  1.00   

  
Block.Wplot stratum 
Variety 1  0.04167  0.04167  1.00  0.423 

Residual 2  0.08333  0.04167  1.00   
  

Block.Wplot.Subplot stratum 
Trap 3  12.12500  4.04167  97.00 <.001 
Trap.Variety 3  0.12500  0.04167  1.00  0.426 

Residual 12  0.50000  0.04167     
  

Total 23  12.95833       
  
Tukey's 95% confidence intervals 

  
  

Trap 
  
  

   Difference Lower 95% Upper 95%  Significant 
  Comparison   

 Control vs White Buffalo  -0.833  -1.183  -0.4834  yes 
 Control vs Cow candy  -1.000  -1.350  -0.6501  yes 
 Control vs Nutrifeed  -2.000  -2.350  -1.6501  yes 

 White Buffalo vs Cow candy  -0.167  -0.517  0.1832  no 
 White Buffalo vs Nutrifeed  -1.167  -1.517  -0.8168  yes 

 Cow candy vs Nutrifeed  -1.000  -1.350  -0.6501  yes 
 
  

  
  Mean   

 Control  1.000  a 
 White Buffalo  1.833  b 
 Cow candy  2.000  b 

 Nutrifeed  3.000  c 
  

Appendix AA:  ANOVA table and multiple mean comparisons of Lusitu trap 

plant establishment (40 DAE)  
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Variate: Lusitu_Trap plant_Establishment_60DAE 
  
Source of variation d.f. s.s. m.s. v.r. F pr. 

  
Block stratum 2  0.0833  0.0417  1.00   

  
Block.Wplot stratum 
Variety 1  0.1667  0.1667  4.00  0.184 

Residual 2  0.0833  0.0417  0.20   
  

Block.Wplot.Subplot stratum 
Trap 3  24.5000  8.1667  39.20 <.001 
Trap.Variety 3  0.5000  0.1667  0.80  0.517 

Residual 12  2.5000  0.2083     
  

Total 23  27.8333       
  
Tukey's 95% confidence intervals 

  
  

Trap 
  
  

   Difference Lower 95% Upper 95%  Significant 
  Comparison   

 Control vs White Buffalo  -1.000  -1.782  -0.2176  yes 
 Control vs Cow candy  -2.000  -2.782  -1.2176  yes 
 Control vs Nutrifeed  -2.667  -3.449  -1.8843  yes 

 White Buffalo vs Cow candy  -1.000  -1.782  -0.2176  yes 
 White Buffalo vs Nutrifeed  -1.667  -2.449  -0.8843  yes 

 Cow candy vs Nutrifeed  -0.667  -1.449  0.1157  no 
  
  

  Mean   
 Control  1.000  a 

 White Buffalo  2.000  b 
 Cow candy  3.000  c 
 Nutrifeed  3.667  c 

Appendix BB: ANOVA table and multiple mean comparisons of Lusitu trap 

plant establishment (60 DAE)  
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Trap 

Name 

Variables 

Leaf Damage Borer tunnel length Exit holes Parasitism No. of Borers Yield 

1
8
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A

E
 

4
0

 D
A
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4
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4
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%
D

a
m

a
g

e
d

 C
o

b
s Grain 

Good 

cobs@1

2%  

MC(Kg/

Ha) 

                 

Nutrifeed 1.90a 3.13a 3.90a 0.06a 0.69a 0.72a 0.07a 0.27a 0.59a 0.05a 0.17a 0.16a 0.38a 0.42a 0.34a 5,246a 

Cow 

Candy 

2.23ab 3.47a 4.93a 0.03a 1.46ab 0.76a 0.02a 0.27a 0.66a 0.0a 0.12a 0.33a 0.56ab 0.57a 0.69b 2,746a 

White 

Buffalo  

3.03b 5.23a 4.40a 0.11a 2.47b 0.61a 0.09a 0.44a 0.56a 0.10a 0.09a 0.39a 0.74b 0.40a 0.51ab 4,792a 

Control 2.80b 3.47a 4.77a 0.10a 1.17ab 0.55a 0.11a 0.27a 0.57a 0.02a 0.23a 0.36a 0.70b 0.35a 0.45ab 3,958a 

Means from Turkey’s 95% Confidence Intervals within collumns followed by the same letters are not significantly different from 

each other

Appendix CC:  Summary table of parasitism, stem borer leaf damage, tunnel length, number of exit holes, number of borers, 

grain yield and percentage damaged cobs on trap plants from UNZA. 
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Overall

Cp Bf Pupa Total Cp Bf Pupa Total Total Cp Bf Total M F Total

Sex 

Ratio(males:

Females) M F Total

Cow candy 

(Sorghum 

sudanense ) 8 0 0 8 4 2 0 6 14 57% 1 0 1 0 1 16 6 22 2.67:1 3 4 7

MMV 409 11 3 1 15 5 2 0 7 22 68% 1 1 2 1 3 45 48 93 0.94:1 5 7 12

Nutrifeed 

(Pennisetum 

spp) 12 0 0 12 1 0 1 2 14 86% 1 0 1 0 1 15 15 30 01:01 6 4 10

ZM 521 23 0 0 23 5 2 0 7 30 77% 6 0 6 0 6 60 97 157 0.62:1 8 5 13

Overall Total 54 3 1 58 15 6 1 22 80 73% 9 1 10 1 11 136 166 302 0.82:1 22 20 42

17.54%

15.79%

1.75%

Cotesia flavipes  Larvae 

parasitism:

Cotesia flavipes  Cp 

Cotesia flavipes  Bf 

parasitism:

Total Parasitism : Dentichesimias Busiolae 

Note: Bf - Busseola fusca and Cp - Chilo 

18.97%

HOST 

PLANT

Reared Stem Borers

%  

Successfully 

reared

Parasitism

1.72%

Progeny Parasitoids 

Recovered

Adult Moths 

Recovered

Success Larvae 

Reared

Dead Larvae 

Reared

Larvae 

Parasitized

pupa

Overall 

Total

 

Appendix DD: Summary table of Cotesia flavipes Cameron (Hymenoptera: Braconidae) parasitism on Chilo partellus 

and Busseola fusca at UNZA (40 DAE) 
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Overall 

Total

Cp Bf Sub Total Cp Bf Sub Total S+D Cp Bf Total M F Total

Sex Ratio 

(Males: 

Females) M F Total

Cow candy 19 0 19 5 4 9 28 68% 8 0 8 89 130 219 0.68:1 1 10 11

MMV 409 22 5 27 8 6 14 41 66% 15 5 20 85 212 297 0.40:1 4 3 7

Nutrifeed 2 0 2 0 2 2 4 50% 1 0 1 0 1 1 00:01 0 1 1

ZM 521 15 8 23 10 12 22 45 51% 12 8 20 252 279 531 0.90:1 2 1 3

TOTAL 58 13 71 23 24 47 118 60% 36 13 49 426 622 1048 0.68:1 7 15 22

Note: Cp - Chilo partellus  Bf - Busseola fusca

50.70% 73.47%

18.31% 26.53%

69.01%

Cotesia flavipes Cp parasitism :

Cotesia flavipes Bf parasitism :

Overall Parasitism

HOST 

PLANT

Reared Borers

% 

Successfully 

reared

Larvae 

Parasitized Parasitoids Recovered

Adult Moths 

Recovered

Successfully 

Reared Borers Dead Borers

 

 

Appendix EE: Summary table of Cotesia flavipes Cameron (Hymenoptera: Braconidae) parasitism on Chilo partellus 

and Busseola fusca at UNZA (60 DAE) 
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Host Plant Number of Borers at 3 Growth Stages of Maize 

18 Days After 

Emergence of Maize 

40 Days After 

Emergence of Maize 

60 Days After 

Emergence of Maize 

   

Sc Bf Cp Total Sc Bf Cp Total Sc Bf Cp Total 

Trap plant - Cow candy (Sorghum sudanense) 0 0 111 111 0 2 96 98 0 15 51 66 

Trap plant - Nutrifeed (Pennisetum spp.) 0 0 37 37 0 0 23 23 0 3 9 12 

OPV Maize (MMV 409) 0 1 107 108 0 2 216 218 0 28 89 117 

OPV Maize (ZM 521) 0 0 75 75 0 1 218 219 0 45 67 112 

TOTAL BORERS  0 1 330 331 0 5 553 558 0 91 216 307 

Latitude, Longitude, Elevation 15⁰23.680ˈS; 28⁰20.191ˈE; 1, 171m 

 

Appendix FF: Summary table of Stem Borers identified at UNZA at all growth stages (Sc - Sesamia calamistis, Bf - 

Busseola fusca and Cp - Chilo partellus) 


