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Stellingen behorende bijhet proefschrift:
Theimpactofpredators on maizestem borers incoastal Kenya
1. Plaagreductie met behulp van inheemse natuurlijke vijanden moet de belangrijkste
vormvan biologische bestrijding zijn voor boeren indemeesteagrarische systemen.
Dit proefschrift.
Luck, R.F., Shepard, B.M. and Kenmore, P.E. (1988). Experimental methods for
evaluatingarthropod naturalenemies.AnnualReviewofEntomology33,367-391.
2. Het veelvuldig voorkomen van een predator betekent niet automatisch dat deze
predator een hogemortaliteit onderplaaginsecten veroorzaakt.
Dit proefschrift.
Whitcomb, W.H. (1981). The use of predators in insect control. In: Pimentel, D.(ed.),
CRC Handbook of
Pest Management in Agriculture, Vol. II, 105-123.
3. Boeren zullen eerder geneigd zijn om methoden ter beheersing van stengelboorders
in te voeren wanneer er rekening gehouden wordt met de visie van de boeren en de
praktische uitvoerbaarheid van de aanbevelingen.
Dit proefschrift.
4. De invloed van inheemse natuurlijke vijanden op de mortaliteit van een plaag wordt
vaak overschat omdat negatieve onderzoeksresultaten slechts zelden gepubliceerd
worden.
Dit proefschrift.
5. Hetimagovanmilieuorganisaties zou aanzienlijk verbeteren, endaarmeenun invloed
toenemen, als deze organisaties meer aandacht zouden besteden aan ontwikkelingen
dieeenpositieve invloed hebben ophet milieu.
6. Het verbieden van het gebruik van bestrijdingsmiddelen in Nederland ter
bescherming van de volksgezondheid heeft weinig zin zolang geimporteerde
landbouwprodukten niet strenger gecontroleerd worden op residuen van verboden
middelen.
7. De wetenschap legt een allesomvattende claim op wat mensen nog denken en
gelovenmogen.
A. vandenBeukel(1990)Dedingenhebbenhungeheim,gedachtenovernatuurkunde,
mensenGod.TenHave, Baam.
8. Onbeduidende zaken kosten op vergaderingen de meeste tijd, omdat de meesten daar
meer verstand van hebben dan van belangrijke zaken.
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PREFACE

The work described in this thesis was carried out between 1995 and 1999 while I
was assigned by DGIS as an associate-expert in Entomology to the International
Centre of Insect Physiology and Ecology (ICIPE) in Kenya. I want to express my
sincere thanks to everybody involved in the research described in this thesis and
name a few people specifically.
In the first place, I am indebted to my promotor Joop van Lenteren and my copromotor Arnold van Huis for their encouragement and support throughout the
period. Their visits to Kenya were greatly appreciated and enjoyed! Many thanks
also to Bill Overholt, my programme leader, who gave me the freedom, the means
and the people to do my own research. I also want to thank him for trusting me with
the management of the work at Muhaka: it was not always easy, but it was definitely
a rich and valuable experience.
At Muhaka, many people assisted in one way or another in the research. J.C.
Olela, Maurice Okomo, Silas Ojwang, Peter Owuor, Boaz Musyoka, Moses Mungai,
the late Ricard Kenyatta, Sapaya Welembah, Ali Bakari, Mwanarusi Hamisi and the
many casuals of the project did an enormous amount of work. They crossed swollen
rivers, spent 24 hours in the field watching a few egg batches and even outran an
angry cobra .... all in the name of science! I also want to thank Naphtali Dibogo,
who conducted the interviews described in chapter 2. Other people at Muhaka
included Stanley Wainaina, Douglas Kalume, Grace Kariuki, Peter Kijana, Binti
Hamisi and numerous askaris. In one way or other, they all made working at Muhaka
more pleasant.
I am also grateful for the help of the WAU-team in Nairobi. I especially want to
name Gerphas Okuku, Joseph Okello and Josephine Osea who assisted in the
experiments and did a fair amount of running up and down for me. Charles Omwega,

Adele Ngi-Song, Susan Kimani, Vivian Ofomata, Mohammed Sallam and many
others at ICIPE Nairobi were always 'available' for a cup of tea, a chat and good
advice.
At the Laboratory of Entomology in Wageningen, Marieke Bosman, Ineke Kok
and Gerard Pesch made working in Kenya a lot easier by supplying me with muchneeded computer parts and scientific papers. Yde Jongema managed to identify all
my insects in only a matter of weeks so that I could finish this thesis in time.
Members of the PhD-discussion group, who are experts on biological control of stem
borers by now, are greatly acknowledged for reading my manuscripts and for the
moral support during the writing-up! I am also grateful to other colleagues at
Entomology, and to Gerrit Gort (Department of Statistics) for his help with the
statistical analysis. Olga Krips did an excellent job on the lay-out of this thesis and
took a heavy burden away from me. Thank you!
Many friends have supported me throughout the period of my research. Carin and
Leif, Paula, Bruno, Ard, Elke, Roeland, Ian, Jane, Ralph and Hilda, Markus and
Barbara: you made my time in Kenya an unforgettable one. Special thanks go to Ali
Juma Mwatamu, who was not only my housekeeper and cook but also my 'guardian
angel'. Eric and Annemieke, Wilma, Anneke, Siska and Henk, Astrid, Annemarie,
Gaby, Swim, Nicolle and Zwany reminded me that there was 'life out there' when I
was in Kenya and kept my spirits high during the 'writing-up' in the Netherlands.

Ten slotte wil ik mijn ouders bedanken, die me altijd gesteund hebben in wat ik deed
en doe, waar ook ter wereld. Het isheerlijk om zo'n thuisbasis te hebben.
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GENERAL INTRODUCTION

MAIZE CULTIVATION IN EAST AND SOUTHERN AFRICA
Overview of maize production
Maize {Zea mays L.) is one of the most important food sources for much of the
human population of Africa. The crop is primarily grown by subsistence farmers and
provides, apart from food, also animal fodder and building material. In Kenya alone,
1.4million hectares of maize were estimated to be under cultivation in the period of
1994 to 1998, with an average total grain production of 2.5 million tonnes per year
(Table 1.1) (FAO, 1999). Average grain yields in Kenya were approximately 1.8
tonnes/ha in 1994 to 1998 (FAO, 1999), although in some areas, yields often do not
reach even 1 tonne/ha (Saxena et ai, 1989; Waaijenberg, 1993; Grisley, 1997).
Comparing the period 1994 to1998 with 1974 to 1978 shows that although the yield
per ha and total production increased by 19% and 14%, respectively, the production
per capita declined with 57% because the population doubled over the past 20 years
(Table 1.1). In many years, yields are not sufficient to feed the increasing population,
and since the 1980s Kenya has generally been a net importer of maize. Other
countries in East Africa face similar problems, and average yields in these countries
are usually even lower than in Kenya (Table 1.1).
Due to population pressure, many households are forced to move to land with
lower yield potential, most of which fall in the transitional and semi-arid zones that
are less suitable for maize growing (Waaijenberg, 1993;FEWS, 1996). Nevertheless,
maize continues to be the dominant crop in these areas (FEWS, 1996). In the densely
populated areas with high yield potential, maize is grown on the same plot year after
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year, leading to declining soil fertility and decreasing yields. Factors such as
population pressure, decreasing popularity of drought-resistant crops, land
constraints and stagnant maize yields contribute to a deterioration in food security for
a large part of the population (FEWS, 1996).
Small-scale farmers are confronted with many constraints to maize production.
Not only do they mention low and unreliable rainfall and soil infertility as major
factors responsible for low yields, but also the lack of farm inputs such as seeds and
fertiliser and infestation by insects (Saxena et al., 1989; Waaijenberg, 1993; Grisley,
1997). Other factors such as an inadequate extension system (Saxena et al, 1989)
and poor distribution and market facilities (Waaijenberg, 1993) aggravate the
situation.

Table 1.1. Area under maize production, yield per hectare, total production, total human population,
production per capita and production losses due to stem borer damage (assuming 15% yield loss) of
Kenya, Tanzania and Uganda and of the whole of Africa. Figures are averages of 1974 to 1978and
1994 to 1998.
Country Period
Area
Yield
Totalproduction TotalhumanProduction Production(kgs)
(haxlO6) (tonnes/ha) (tonnesxlO6)
population" (kgs)per losspercapitadue
(x106)
capita
tostemborers
Africa

1974-1978
1994-1998

1.86
2.57

1.46
1.56

2.71
4.04

413.89
719.50

5.36
5.62

0.99
0.84

Kenya

1974-1978
1994-1998

1.50
1.44

1.47
1.75

2.22
2.52

13.74
27.15

161.57
92.82

24.07
13.92

Tanzania

1974-1978
1994-1998

1.22
1.72

1.09
1.40

1.34
2.40

15.90
30.03

84.28
79.92

12.55
12.03

Uganda

1974-1978
1994-1998

0.45
0.58

1.25
1.38

0.57
0.80

11.18
19.69

50.98
40.63

7.55
6.10

*Total population based on figures for 1975or 1995.

Maize growing at the southern coastal area of Kenya
Study area
The economic development of the coastal region has not kept pace with that of
central and western Kenya. Although it was relatively prosperous in pre-colonial and
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early colonial times, the opening up of the highlands by European settlers meant an
inevitable shift of development towards the interior (Cooper, 1981). At the present
time, the economy is primarily dependent on agriculture and tourism (Hoorweg et
ai, 1991; personal observation).
Rainfall at the southern coastal area of Kenya (Kwale and Kilifi Districts) is
concentrated in two periods: from April until July (long rainy season), and from
October until November (short rainy season). Going inland, rainfall diminishes while
the potential evapotranspiration increases. Average rainfall in the coastal area ranges
from less than 700 mm to over 1400 mm per year (Jaetzold and Schmidt, 1983), with
a mean annual temperature of 24°C (Figure 1.1). Soils vary with topography and
geology, but most are characterised by low structural stability, sensitivity to erosion
and a low to very low fertility (Jaetzold and Schmidt, 1983). In the region, different
agro-ecological zones alternate over relatively short distances (Jaetzold and Schmidt,
1983). The coastal plain consists mainly of the coconut-cassava (CL3) and
cashewnut-cassava (CL4) zones (classification by Jaetzold and Schmidt, 1983). The
first zone is relatively humid and has potential for a variety of crops, although the
seasonal character and the low reliability of rainfall severely restrict agricultural
productivity. In the somewhat drier cashewnut-cassava zone possibilities for crop
production are more restricted than in the coconut-cassava region (Hoorweg et ai,
1991). Maize is predominantly grown in a zone of approximately 35 km from the sea
to the hinterland, which usually receives an annual rainfall of more than 800 mm.
The long rainy season is the main growing season, as the short rains are often too
poor and unreliable to guarantee areasonable harvest (van Oosten, 1989;Hoorweg et
ai, 1991).
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Figure 1.1. Rainfall and temperature patterns at the southern coastal area of Kenya. Data are
averages from 1992to 1998,obtained from the Kenyan Agricultural Research Institute inMtwapa.

Production systems'
Maize is an important component of many cropping patterns, varying from simple
sole cropping to complex mixtures of annual and perennial crops. In the study area,
farmers concentrate their efforts on maize cultivation, although cassava and cowpea
are also important crops. Both are planted in low densities in maize fields, either as
intercrop or relay crop. Cassava is usually planted during the long rainy season and
harvested just before next year's maize crop is sown. If cassava is planted during the
short rainy season, then the maize in the long rainy season is sown in between the

1
Most ofthe information inthis section has been obtained from reports byvan Oosten (1989)and
Waaijenberg (1993),orthrough personal observation.
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cassava plants. Cowpea is generally planted as a relay crop in the long rainy season
when maize plants reach maturity. Both the leaves and grains of cowpea are eaten.
Beside cassava and cowpea, a multitude of minor crops, including beans,
greengrams, groundnuts, tomatoes, pumpkins, eggplants, cabbages and rice can also
be found in the area. Coconuts play an important role in the coastal economy, with
different parts of the tree being used as food, fuel and roofing material. Other fruit
trees such as mango, cashew and citrus are of minor importance and receive little
attention, although their produce may be sold when money is needed. Most food
crops are produced for home consumption, and yields are usually not sufficiently
high to form surpluses that can be sold.

Cultivation practices
Less than a century ago, farmers at the southern Kenyan coast could still cultivate
fresh bush land that gave high-yielding crops with a minimum of labour. Since then,
fixed settlement, population growth and tree crops have increasingly limited the
choice of sites for maize cultivation. Nowadays, fallows are short, often less than 2
years, which is too short to restore the original fertility of the soils. Due to the short
fallow, weeds are more abundant and more labour is required for weeding. Fertiliser
use is rare and yields are determined by the low soil fertility.
Land preparation usually starts in March or April,just before the first rains of the
long rainy season. The vegetation, which generally consists of crop residues, dry
herbs, grasses and one season old shrubs, is slashed or hoed just above the soil
surface or burned. Veld burning, although officially prohibited, is a much-practised
land preparation tool. Most farmers prepare their land with a hand hoe but in some
areas land is ploughed by tractors or oxen. Tillage by hand hoe is irregular and
superficial and produces a rough seed bed, which causes an early appearance of
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weeds andanuneven germination ofthe crop.Italso means that season after season
the same weathered topsoil is used. For the short rainy season, the land is often not
prepared but the same fields of the long rainy season are used again. Most farmers
plant after the first heavy showers, using seeds that were kept from last season's
harvest. Sowing is done by dropping several seeds in a hole dug with a hand hoe.
The holes are made in a scattered pattern approximately 60 to 100 cm apart. The
recommend lineplanting,withadistanceof75cmbetweenrowsand30cmbetween
plants in arow, and thinning ofyoungmaize plants to one plant per hill are seldom
followed. Timely weeding, not later than 3weeks after emergence (WAE)ofmaize,
isacrucial cultivation practice.Ifthefirstweeding iscarriedoutlate,yield suffers or
thecropmay even fail.
Most farmers start weeding early but cannot mobilise enough labour to complete
the whole field within a short period. A second weeding is generally carried out
around 5 WAE, and some farmers even weed a third time to plant relay crops like
cowpea orgreengrams.Pesticides arenot commonly applied but traditional methods
of pest control, such as placing of ash, soil or plant extracts in the leaf whorl or
uprooting infested plants, may be used (Chitere and Omolo, 1993; Grisley, 1997).
Approximately 3to 4 months after sowing, the maize is ready for harvesting. Some
cobs are harvested early to provide soft maize for roasting, but most cobs are
harvested when the ears are dry. Crop residues are left inthefieldor used as fodder
or building material (Pats, 1996). The maize is stored in the husk in the loft of the
house,often above thekitchenfire.The smoke detersweevils andthe warm, dry air
stops fungal ear rot. When the maize is to be used, the seed coat and germ are
removed by pounding the moistened grains. The remainder is dried in the sun and
winnowed. Then the maize is ground to flour in simple hand mills or taken to
commercial electrical or diesel mills.Finally, it is consumed as "sima" or "ugali", a
thick maizemeal.
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INSECT

AND

INSECT-VECTORED

CONSTRAINTS

TO

MAIZE

PRODUCTION
A range of insects is known to attack maize in East Africa, both in the field and in
storage. Surveys carried out in the colonial days identified stem borers, leaf hoppers
and armyworms to be the most damaging insects in the field (e.g. Le Pelley, 1959;
Nye, 1960). In storage, larger grain borers, weevils and grain moths were the major
pests (Table 1.2). Country-wide surveys have not taken place in recent years, but
personal observation and discussions with farmers, newspaper andjournal articles, as
well as the focus of insect research institutions in East Africa let us believe that the
list of insect pests has largely remained the same over the past 30 to 40 years.
Lepidopteran stem borers are generally considered to be the most geographically
widespread, most frequently occurring and most damaging insect pests of maize in
East Africa (Ingram, 1958; Nye, 1960; Youdeowei, 1989). Nearly all farmers have
stem borers in their fields (Chitere and Omolo, 1993;Grisley, 1997) and yield losses
range from 4 to 73%(for a review, see Seshu Reddy and Walker, 1990). Leafhoppers
(Cicadulina spp.) can cause severe indirect damage by transmitting the maize streak
virus (MSV). In the Kenyan highlands, 74% of farmers reported having MSV on
their farm, and yield losses were estimated at 8% (Grisley, 1997) although higher
losses may occur (Vogel et al., 1993). Outbreaks of the African armyworm
Spodoptera exempta Walker (Lepidoptera: Noctuidae) take place sporadically.
However, if an outbreak occurs, destruction is so high that farmers are often
compelled to replant their crops, risking failure if subsequent rains are poor
(Youdeowei, 1989).
The larger grain borer (LGB) Prostephanus truncatus (Horn) (Coleoptera:
Bostrichidae), is indigenous to Central America but is now well established in East
Africa (Markham et al., 1991). It causes high weight losses in farm-stored maize. In
Tanzania, an average of 9% weight loss had occurred after five months in maize
infested with LGB compared to 1%weight loss in LGB-free maize. Cobs with 70 to
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Introduction
80% grain damage, associated with 30 to 35% weight loss, were not unusual
(Hodges et al., 1983). In maize that is stored loose instead of on the cob, the weevils
Sitophilus zeamais Motschulksy and S. oryzae (Linnaeus) are common (Golob and
Hanks, 1990). In Tanzania, damage caused by Sitophilus spp. was less than that
caused by LGB (Hodges et al, 1983).The rust red flour beetle, Tribolium castaneum
(Herbst) is a secondary pest that is unable to survive in intact maize grains but is
successful on maize flour. Infestation by T. castaneum is enhanced by the presence
of other storage insects, especially by those producing large quantities of maize dust
such as P. truncatus and Sitophilus spp. (Hodges et al, 1983). The grain moth
Sitotroga cerealella (Olivier), originating from Europe but having spread over the
whole world, appears to occur throughout East Africa (Nye, 1960; Hodges et al,
1983; Youdeowei, 1989). It was not common in the Tabora region of Tanzania
(Hodges et al, 1983), but information on the occurrence and damage caused to
maize storage in other areas is not available.

STEM BORERS AND THEIR CONTROL
This thesis focuses on the main insect pest in maize growing: the stem borer. In
the following paragraphs, current knowledge of the biology, pest status and control
of stem borers is summarised in order to provide background information to the
research. Subsequently, the research problem and objectives are defined and an
outline of the thesis is presented.

Biology of cereal stem borers
Distribution
In East Africa, a complex of 12 stem borer species has been reported from cereal
crops, with Chilo partellus Swinhoe, Chilo orichalcociliellus Strand, Busseola fusca
Fuller, Sesamia calamistis Hampson, Sesamia cretica Lederer and Eldana
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saccharina (Walker) being the most important and widely distributed species (Nye,
1960; Youdeowei, 1989; Seshu Reddy, 1998). The current knowledge of taxonomy,
economic importance, distribution and natural enemies of cereal stem borers in
Africa has been put together by Polaszek (1998).
The exotic species C.partellus is the predominant stem borer at elevations below
1500 m. The species is indigenous to Asia and its first record in Africa was in
Malawi in 1932 (Tarns, 1932). Since the early 1950s, it has become well established
as a pest throughout East and southern Africa (Sithole, 1989; Overholt et ai, 1994;
Kfir, 1997b). Recent surveys indicate that in Malawi, Kenya, Uganda and Zambia,
C.partellus accounted for over 75% of the stem borer population at lower altitudes
(Overholt et al, 1994; W.A. Overholt, personal communication). At higher altitudes,
B. fusca is often the most abundant stem borer species (Sithole, 1989), although
reports from South Africa suggest that C.partellus is gradually displacing B.fusca at
higher elevations (Kfir, 1997a). E. saccharina is widespread south of the Sahara and
is primarily known as a stem borer of sugarcane, although maize and other cereals
are also attacked. S. calamistis is widespread but usually not abundant, while S.
cretica occurs mainly in the savannah regions of Northeast Africa and northern
Kenya. C. orichalcociliellus occurs at altitudes lower than 300 m, especially in
coastal areas, but it is usually not found in only small numbers. Furthermore, there is
evidence that it is being displaced by C. partellus (Overholt et ai, 1994).
The stem borer species encountered at the southern coastal area of Kenya, the area
where the studies for this thesis were conducted, are C. partellus,

C.

orichalcociliellus and S. calamistis. In the early 1970s, C. orichalcociliellus was the
predominant stem borer in the area, followed by C. partellus and S. calamistis
(Mathez, 1972). Research carried out from 1978 to 1981 found that C.
orichalcociliellus was the most abundant species during the long rains, whereas C.
partellus and C. orichalcociliellus were equally abundant during the short rains
(Warui and Kuria, 1983). In a more recent study, C. partellus was found to be the
10
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most common species, usually accounting for more than 80% of the stem borers
(Overholt et al., 1994). There is no evidence that total stem borer densities have
changed (Overholt et al., 1994), and the apparent shift in the abundance of the two
Chilo species suggests that the exotic stem borer may be displacing the indigenous
species (Ofomata et al, 2000). The abundance of S. calamistis remained fairly
constant over time, and usually accounted for 7 to 12% of stem borers during the
long rains and up to 23% of stem borers during the short rains (Warui and Kuria,
1983, Overholt et al, 1994).

Life cycles
Chilo partellus moths emerge in the late afternoon and early evening. Mating
occurs soon after emergence and on the two to three subsequent nights (Berger,
1989), egg batches of 10-80 overlapping eggs are laid on the undersides (Pats and
Ekbom, 1994) or upper sides (Mathez, 1972) of leaves, often near midribs. The
fecundity of C. partellus is reported to be approximately 434 eggs per female
(Berger, 1989). Adults live for approximately two to seven days (Alghali, 1988) and
normally do not disperse far from emergence sites. Eggs hatch in the early morning
(6.00 to 8.00 h), four to eight days after being oviposited (Berger, 1989; Delobel,
1975). Young larvae ascend plants to enter the leaf whorls, where they start to feed.
Older larvae tunnel into stem tissue and pupate after feeding for 2 to 3 weeks, unless
they go into quiescence. Moths eclose from thepupae after 4 to 8days. The life cycle
is completed in 25 to 50 days when conditions are favourable (Harris, 1990). During
the growing season, three or more successive generations may develop. Although the
life cycle may be continuous when favourable conditions for host plant growth exist,
it is usually interrupted by a cold or dry season. To overcome this period, the mature
larvae enter diapause inside old stems or stubble (Scheltes, 1978) and pupate on the
return of favourable conditions.

11
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The life cycle of Chilo orichalcociliellus is largely similar to that of C. partellus
(Mathez, 1972; Delobel, 1975).

The fecundity of C. orichalcociliellus

is

approximately 475 eggs per female (Delobel, 1975). Ofomata et al. (2000) compared
several characteristics of the two Chilo species and found that C. partellus had a
higher fecundity than C. orichalcociliellus in the laboratory at 25°C and 28°C, but
not at 31°C. In addition, more C.partellus than C. orichalcociliellus eggs survived to
first instar larvae and C.partellus larvae developed faster than C. orichalcociliellus.
C. partellus also terminated diapause faster than C. orichalcociliellus.
Female adults of Sesamia calamistis lay approximately 300 eggs in its lifespan of
five to six days. The spherical eggs are laid in batches of 10 to 40 eggs (BosquePerez and Dabrowski, 1989), usually in two to four adjoining rows between the
lower leaf sheaths and stems (Mathez, 1972). Under field conditions, eggs hatch in
five to six days. Shortly after hatching, larvae penetrate the stems directly or start
feeding on the leaf sheath first (Holloway, 1998).S. calamistis larvae are also highly
attracted to cobs. During the larval stage, which lasts for 30 to 60 days and usually
involves five to six moults, larvae may successively attack a number of young stems.
Pupation generally takes place in the stem or cobs (Bosque-Perez and Schulthess,
1998) and the pupal period lasts for 10 to 12 days. In contrast to many other stem
borers, S. calamistis breeds throughout the year and has no resting stage (Holloway,
1998). In the dry season, its can be found in mature grasses or in maize growing in
small areas near water (Harris, 1962). In areas where S. calamistis is forced to feed
on wild grasses to bridge the cropping season, larval survival and adult fecundity will
be greatly reduced and as a result, stem borer densities will be low (Bosque-Perez
and Schulthess, 1998). The combined effect of fewer adults and reduced fecundity
may explain the low incidence of S. calamistis in maize early in the first rainy
season.
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Injury and damage caused by stem borers
Most stem borer species produce similar injury symptoms on attacked gramineous
plants. Newly hatched larvae feed initially by scraping in the leaf whorls of young
plants, producing characteristic 'window-paning' and 'pinholes'. Later, the larvae
tunnel into stems and may kill the central leaves and growing point, producing
'deadhearts' that will give no yield. The larvae also bore into the maize cobs and
feed on the developing grains. Plants thus affected have poor growth and reduced
yield and are more susceptible to wind damage and secondary infections (Seshu
Reddy, 1998).
In East Africa, objective assessments of grain-yield losses attributable to stem
borers are few. Youdeowei (1989) and Seshu Reddy and Walker (1990) gave
estimates of 15 to 40% of potential yield, while losses of 18% were recorded in
coastal Kenya (Warui and Kuria, 1983). Based on the level of 15% yield loss, the
approximate production loss in tonnes of maize is estimated in Table 1.1.

Control strategies for cereal stem borers
Chemical control
Chemical application is the commonly recommended method for stem borer
control, and research has shown its efficacy (Mathez, 1972; Warui and Kuria, 1983).
However, pesticides must be applied frequently due to continuous infestation and the
relatively short time larvae are exposed, which makes the method time-consuming
and expensive. Chemical control is therefore not appropriate and often not feasible
for the majority of small-scale farmers. Commercially produced alternative
pesticides, for example based on products of the neem tree (Azadirachta indica A.
Juss) or the bacteria Bacillus thuringiensis Berliner, have potential (Brownbridge,
1991; ICIPE, 1995), but these products are not yet readily available and may be
costly (Mihm, 1994).
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Cultural control
Some cultural control methods, such as intercropping with non-cereals and early
planting, have been practised by farmers for centuries for various reasons (Minja,
1990; Waaijenberg, 1993). The efficacy of these cultivation practices against stem
borers is often questionable. For example, Oloo (1989) and Skovgard and Pats
(1996) demonstrated that the impact of intercropping maize and sorghum or maize
and cowpea on stem borer populations is limited. Early planting alone is also
unlikely to result in higher sustainable yields (Nwanze and Mueller, 1989). Methods
such as placing ash or soil in the leaf whorl are practised locally (Grisley, 1997), but
their efficacy has yet to be determined. Some effective cultural control strategies
have been identified, but not all are feasible for subsistence farming systems.
Management of crop residues such as burning or removing stems and stubble would
reduce infestation in the following season (Ingram et al, 1973) but farmers leave
stems in the field purposely to increase soil fertility. Partial burning or exposing
stems to the sun by horizontal placement causes high mortality of stem borer larvae
(Gebre-Amlak, 1988; Pats, 1996) but farmers may consider this method too labourintensive. Other effective yet labour-intensive methods include removal of infested
plants, planting of trap or repellent crops (e.g. Khan et al., 1997) and deep tillage.
Deep tillage is often also not possible because tractors or oxen are not readily
available or too expensive to hire or buy. Host plant resistance is promising, but
agronomically and palatable maize varieties are not yet available. An extensive
review of these and other cultural control methods is given by van den Berg et al.
(1998).

Biological control
Indigenous natural enemies
A wide range of egg, larval and pupal parasitoids of stem borers has been
identified, but there is little information available on the occurrence of predators,
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nematodes and microbial pathogens (Bonhof et al, 1997). The most abundant and
widespread parasitoids in the East African region are the egg parasitoids Telenomus
spp. and Trichogramma spp., the larval parasitoids Cotesia sesamiae and Sturmiopsis
parasitica and the pupal parasitoids Pediobius furvus and Dentichasmias busseolae
(for a review, see Bonhof et al, 1997). Ants, spiders and earwigs are believed to
cause high mortality on stem borer eggs and young larvae (Mohyuddin and
Greathead, 1970; Girling, 1978; Oloo, 1989). However, additional studies that
quantify predation on all stem borer life stages, as well as long-term studies on
predator and stem borer populations and their interactions are long overdue.
Nematodes and microbial pathogens have been reported to infect all life stages, but
their impact is low under natural conditions (Odindo et al., 1989). In general,
indigenous natural enemies are not able to keep stem borer populations below
economic injury levels (Oloo, 1989; Overholt et al, 1994).

Classical biological control
Because of the low impact of indigenous natural enemies on stem borer
populations, a biological control programme was initiated in 1968. Nine parasitoid
species were released in Kenya, Uganda and Tanzania, but none of the species
established (CIBC, 1968-1972) and stem borers continued to be an important pest
(Sithole, 1989; Overholt et al, 1994; Kfir, 1997b). In 1990, a second biological
control programme began in Kenya. The exotic larval parasitoid Cotesia flavipes
Cameron (Hymenoptera: Braconidae) was released in the coastal area of Kenya in
1993. After establishment, it spread several hundred kilometres from the release sites
and colonised new areas. The parasitoid's impact is still low, although parasitism has
increased considerably since 1997 in comparison to the initial four years after
release. C. flavipes has now also been released in other parts of Kenya, in Uganda,
Zanzibar, Somalia and Mozambique, while further introductions in other countries
are being planned (W.A. Overholt, personal communication).
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In summary, the currently available cultural, varietal or chemical control methods
are often not effective or feasible for small-scale subsistence farmers. The impact of
the indigenous and exotic natural enemies is low, although the introduced parasitoid
C. flavipes may become important in the future. The need remains for the
development of a sustainable, low-cost and effective management strategy to control
cereal stem borers in Africa.

PROBLEM DESCRIPTIONS, RESEARCH FOCUS, METHODOLOGY AND
OUTLINE OF THESIS
Problem description
Life table studies in West Kenya indicate that mortality of stem borers can be very
high under field conditions, with only 5% of the eggs producing moths (Oloo, 1989;
Oloo and Ogeda, 1990). In the coastal region of Kenya, mortality is thought to be
equally high (Mathez, 1972). Mortality of eggs and small larvae is often over 90%,
but that of late instar larvae and pupae is much lower (Mohyuddin and Greathead,
1970; Mathez, 1972; Oloo, 1989; Oloo and Ogeda, 1990). Disappearance is nearly
always the most important mortality factor of all life stages. Disappearance is usually
attributed to predation (Mohyuddin and Greathead, 1970; Leslie, 1982; Kfir, 1988;
Oloo, 1989) but this is a conjecture based on little research. Other factors that may
cause disappearance, such as rainfall, solar radiation (desiccation) and cannibalism
have so far received little attention. Consequently, there is a need to study both biotic
and abiotic factors in more detail in order to gain a better insight into the causes of
'disappearance'.
Abiotic factors such as rainfall, wind and solar radiation may have influenced
disappearance rates found in life table studies. Eggs and young larvae seem most
vulnerable to these factors. Nuessly et al. (1991) found that wind and rain caused
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considerable dislodgement of Helicoverpa zea (Boddie) eggs laid on leaf surfaces of
cotton. Studies on rice leaf folder eggs did not show a clear relation between rainfall
and dislodgement, unless wind speeds were very high (de Kraker, 1996).
Disappearance of young larvae feeding in the leaf whorl may be influenced by heavy
rainfall or strong wind, which could either drown the larvae or blow them off plants.
Harcourt (1966) reported that rainfall is an important cause of mortality of the first
two larval stages of Pieris rapae Linnaeus on cabbage. Van Huis (1981) found that
rainfall during early infestation by Spodoptera frugiperda (J.E. Smith) in maize
decreased the percentage of infested plants and also reduced the number of larvae per
infested plant. He concluded that rainfall results in important reduction of the early
instars of S.frugiperda. Disappearance of late instar larvae may indirectly be caused
by solar exposure or desiccation. Early and late instar larvae leave the original host
plant to search for new plants (Berger, 1992). These larvae are highly exposed to
solar radiation and other adverse factors, especially while crawling on the ground.
The role of predators as mortality agents of stem borers in Africa is still poorly
understood. A few quantitative studies were conducted in South Africa in the early
1980s (Leslie, 1982, 1988; Carnegie, 1991) but most other information is anecdotal
(for a review, see Bonhof et al., 1997; Bonhof, 1998). In East Africa, two small
studies were conducted: a Petri dish study on consumption capacity of abundant
predators (Dwumfour, 1990) and a study where predators were excluded from 10
plants carrying egg batches of E. saccharina (Girling, 1978). Information on
predator species and abundance, as well as their interactions with stem borers, is
limited to empirical observations. To obtain a proper understanding of the
relationship between predators and stem borers, it is necessary to study both predator
and stem borer populations across several seasons and locations. The high variation
in disappearance found between different environments in previous studies (e.g.
Mathez, 1972; Girling, 1978; Oloo, 1989) suggests that there may be possibilities to
enhance predation through environmental manipulation such as weeding regimes or
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wild habitat management, as natural vegetation is thought to provide shelter and
alternative food for natural enemies (e.g. Altieri et al., 1977; Altieri and Whitcomb,
1979).

Research focus
This study focuses on the important but previously uninvestigated mortality
factors causing disappearance of cereal stem borers in Kenya. Special emphasis is
given to the impact of predators, but the role of parasitoids and physical factors such
as rainfall, wind and sunshine are also studied.

Methodology
Methods to evaluate predation have been reviewed extensively (e.g. DeBach and
Huffaker, 1971;Grant and Shepard, 1985;Luck et al., 1988). In our study, we used a
combination of sampling, experimental and observational methods to assess the
impact of predators on maize stem borers in the southern coastal region of Kenya. A
number of reviews dealing with the evaluation of indigenous natural enemy impact
(e.g. Luck et al., 1988; Bellows et al., 1992) stress the fact that no single method is
without limitations. The use of various techniques serves to complement and crosscheck results.

Outline of thesis
To provide background information to the research, farmers' perceptions of the
importance, control measures and natural enemies of maize stem borers were
obtained by means of interviews (Chapter 2). This information is also crucial for
developing a stem borer control strategy that is appropriate for small-scale farmers in
the region. Information on the natural enemies of cereal stem borers in East Africa is
reviewed from published and unpublished records (Chapter 3).To explore the impact
of the predator complex, abundance and temporal associations of stem borers and
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predators were investigated (Chapter 4). The fate of naturally occurring Chilo spp.
egg batches in maize and sorghum fields was followed to determine the role of
parasitism, predation, disappearance and non-hatching on mortality of this relatively
vulnerable life stage (Chapter 5). To unambiguously identify the major egg
predators, direct observations of egg predation were made in maize fields during two
seasons. Direct observations were complemented by laboratory assessments of prey
acceptance, predation capacity and prey preference of a range of predator species
(Chapter 6). A series of exclusion experiments was conducted to quantify the impact
of the predator community on C.partellus eggs, small larvae (L1-L2), large larvae
(L4-L5) and pupae (Chapter 7).The role of abiotic factors such as solar radiation and
rainfall on disappearance of eggs and small larvae was studied using sheltered and
unsheltered plants (Chapter 8). The thesis concludes with a general discussion
(Chapter 9) where the outcome of the research is discussed and the possibilities to
improve the management of stem borers is examined.
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FARMERS' PERCEPTIONS OF IMPORTANCE, CONTROL
METHODS AND NATURAL ENEMIES OF MAIZE STEM
BORERS AT THE KENYAN COAST

ABSTRACT
Resource-poor farmers atthe Kenyan coast considered insect pests,and stem borers in particular,
an important production constraint inmaize growing. Knowledge of stem borer biology and possible
sources of infestation was limited. Stem borer larvae and pupae were frequently seen but eggs and
adults were lesswell-known. Farmerswere not awarethatthe pest could survive in wild grasses and
in dry stems, and nearly all farmers left dry stems and stubble in the field after harvest. Several
methods for controlling stem borers were known, but only 32% and 56% of farmers in Kilifi and
Kwale Districts, respectively, used any of the methods. Chemical control was the most popular
control measure, being applied regularly by 19%and 38%of farmers in Kilifi and Kwale Districts,
respectively. Traditional methods and cultural control methods were seldom used. Approximately
50% of farmers had heard of beneficial insects,with farmers collectively mentioning 17predators of
stem borers. Cocoons of the parasitoids Cotesia flavipes and the indigenous Cotesia sesamiae had
been seen by 33%of respondents, but none knew what these were. The results of the present study
stress the need to create awareness on the biology and ecology of stem borers and the role of natural
enemies. Also, after effective control methods should be developed locally by farmers and
researchers together, for examplethrough the Farmers Field School approach.

This chapter has been accepted by Insect Science and itsApplication as:Bonhof, M.J., van Huis,A.,
Kiros, F.G. and Dibogo, N. Farmers' perceptions of importance, control methods and natural
enemies of maize stem borersatthe Kenyan coast
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INTRODUCTION
Since the 1980s, there has been a growing interest in initiating research from the
farmers' perspective by documenting and analysing the effects of existing
agricultural practices on pests (e.g. Altieri, 1984; Matteson et al, 1984; Smit and
Matengo, 1995; Pats, 1996). One of the most important insect pests in maize in East
and southern Africa is the stem borer (Nye, 1960; Youdeowei, 1989). Chilo partellus
Swinhoe (Lepidoptera: Pyralidae) is the predominant stem borer species in lowland
areas of the region (Overholt et al, 1994;Kfir, 1997) and it is becoming increasingly
important at higher elevations (Kfir, 1997a). Practices such as crop sanitation, wild
host management, manipulation of planting date, the use of resistant varieties and the
use of chemicals may have a considerable influence on stem borer populations.
Destroying dry stems and stubble, for example, may considerably reduce stem borer
populations in the new growing season. However, this method is seldom practised
because the dry stems are used for many purposes (Pats, 1996). Stem borers can also
overcome the dry season by staying active in wild host plants. The role of wild
grasses in survival of stem borers is unclear. For many years, wild grasses were
thought to act as reservoirs for stem borers (Usua, 1968; Joyce, 1976), and their
destruction was encouraged (Ingram, 1958; Nye, 1960). Recent studies have,
however, indicated that wild grasses can also act as trap plants, causing high
mortality of stem borers (Khan et al, 1997; Schulthess et al, 1997). Wild grasses
also play a role in the survival of stem borer parasitoids (W.A. Overholt, personal
communication). Sowing early may decrease borer damage because the maize's most
susceptible plant stage does not coincide with periods of peak egg and larval
abundance of the stem borer. Early planting should be conducted on a large scale in
order to be effective, and its practicability clearly depends on local (weather)
conditions. The method may be useful in combination with other stem borer control
methods, but alone it is unlikely to result in higher sustainable yields (Nwanze and
Mueller, 1989). Chemicals can effectively reduce stem borer populations if applied
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at the correct time (Mathez, 1972;Warui and Kuria, 1983), but their cost will be a
major burden for many farmers (Saxena etal.,1989).Theuseofchemicals may also
interfere withtheactivity ofnaturalenemies.
Atpresent, very little information is available onthe use ofthe above practices at
the Kenyan coast. To develop a stem borer control strategy that is appropriate for
resource-poor farmers in the coastal area, information is needed on maize growing
practices and farmers' knowledge of stem borers, control methods and natural
enemies.

MATERIALANDMETHODS
Study regions
The survey was conducted in Kwale and Kilifi Districts, Coast Province, Kenya
(Figure2.1).Maizeproduction ispredominantly practised inazoneof approximately
35 km from the sea tothe hinterland that crosses the Agro-Ecological zones CL2to
CL4 (Jaetzold and Schmidt, 1983). Soils vary with topography and geology, but
most are characterised by low structural stability, sensitivity to erosion and a low to
very low fertility (Jaetzold and Schmidt, 1983). Maize is the most important crop,
followed by cassava and cowpea. Most food crops are produced for home
consumption, and yields areusually not high enoughto form surpluses that could be
sold(VanOosten, 1989).
Sampling procedures
Ineach ofthetwoDistricts,threeDivisions werechosen, and ineachDivision we
selected two Locations. In each Location, two sub-Locations were selected in which
one village was sampled. In this way, 12 villages were selected in each District.
Selection ofDivisions, Locations and sub-Locations was based on suitability of area
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Figure 2.1.
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Surveyed villages (indicated by dots) in 12 Locations (indicated by names) at the southern
Kenyan coast.
Msambweni Division:
Dzombo and Kikoneni Locations
Kwale District.
Kubo Division:
Mkonganiand Majimboni Locations
Matuga Division:
Tiwi andNgombeni Locations
Bahari Division:
Mtwapaand Chonyi Locations
Kilifi District.
Kaloleni Division:
Kaloleni and Mwaweza Locations
Ganze Division:
Bamba and Kauma Locations.
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for maize production (rainfall and soil type), accessibility and non-exposure
previously to pest management projects. Social customs prevented us from directly
addressing farmers (especially females) in fields and we therefore interviewed
homestead heads at their houses. In each village, approximately 10% of the
homestead heads were selected by picking the xth name (with x chosen randomly for
each village) from a list with names of male and female homestead heads. All
interviews were conducted by an enumerator in the Kiswahili language using a
structured questionnaire.
Topics in the questionnaire related to maize growing practices, wild habitat
management, stem borer knowledge, stem borer control practices and natural
enemies. Questions were addressed to the household head but other members of the
household often participated in the discussion. Information on stem borer life stages
and specific predators (earwigs, ants, spiders, coccinellids, chrysopids, anthocorids
and staphylinids) was obtained by showing the respondents vials containing these
insects in alcohol. The farmer's knowledge of the insect and its function as well as
the local name ofthe insect were recorded.
All quantitative data were analysed using the General Linear Model procedure
after applying square-root transformation. Mean separations were carried out using
the Student-Newman-Keulstest (SNK).

RESULTS AND DISCUSSION
General information on the interviewed farmers
A total of 240 household heads were interviewed, 62% being over 40 years old,
and 33%being women. The level of education was low, with 50% of men and 62%
of women having no formal education. Nearly all respondents (95%) were full-time
farmers.

25

Chapter 2
Maize growing and farming practices
Farm sizes inthe study area ranged from approximately 0.5 ha to 12.0 ha, with 7%
of farmers owning less than 0.1 ha, 70%owning 1.1 to 4.0 ha, 16% owning 4.1 to 8.0
ha and 7% owning more than 8.1 ha. Average farm sizes are shown in Table 2.1. The
majority of farmers (80%) used only a small portion (0.1 to 2.0 ha) of their land for
crop production. The area used for crop production was almost exclusively planted
with maize (Table 2.1). In the long rainy season, all farmers grew maize but in the
short rainy season 27% did not do so because of the unreliable rainfall and the high
stem borer density. Unreliable rainfall was also a reason why nearly all farmers
planted after the onset of the rains, although the lack of labour for planting was also
an important factor. Local maize varieties were grown by 87% of the farmers. These
varieties were especially popular because farmers felt they were high yielding, early
maturing, drought resistant and not affected by storage pests. The improved varieties
Pwani Hybrid 1, Pwani Hybrid 4 and Coast Composite were only planted by a few
farmers.
Nearly all respondents (86%) left maize stems in the field after harvest to increase
soil fertility or reported to do so because it is the common, traditional practice. In
Kwale District, old stems were sometimes heaped on terraces to prevent soil erosion.
Farmers removed stems to feed animals or to clear the land for a second crop. Only
two farmers removed the stems to reduce the carry-over of stem borers to the next
season's crop.
The average yield in the study area was highly variable and ranged from 827 to
1256 kg/ha per year between Divisions (Table 2.1). These estimates by farmers were
far below the national average of 1662 kg/ha for 1996 (FAO, 1999). In the long rainy
season of 1996, half of the farmers obtained the expected yield. In the short rainy
season of 1996, this percentage decreased to only 10%. Unreliable rainfall
(mentioned by 78 and 55% of farmers for the long rains' crop and short rains' crop,
respectively), stem borer infestation (mentioned by 15 and 20%) and late planting
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(mentioned by 0 and 14%) were major factors reducing the yield in 1996.Weather
data for that year show that therainfall pattern was very different from that in other
years. Although thetotal amount ofrainfall was normal (1300 mm),the distribution
pattern was not. The long rainy season started'early, before most farmers had
finished land preparation. The rains also stopped early (in May), so the crop could
not complete its development. The short rainy season failed almost completely, with
only 120 mm rain. The unusual rainfall pattern in 1996 may explain why drought
was mentioned as the main yield-reducing factor (for 1996) yet stem borers were
generally considered tobemore important.

Table 2.1. Farm and yield characteristics insixDivisionsatthesouthern Kenyan coast.
District

Division

Farm size

Surface (ha) used for
crop production
maize production

Kwale

Msambweni
Kubo
Matuga

3.4 ±0.3
4.1 ±0.5
3.3 ±0.6

1.4 ± 0.1
0.9 ±0.1
0.9 ±0.1

1.3 ±0.1
0.8 ±0.1
0.8 ±0.1

Kilifi

Bahari
Kalolcni
Ganze

3.5 ±0.3
3.3 ±0.5
3.1 ±0.4

1.6 ± 0.1
1.1 ±0.2
1.0 +0.1

1.5 ± 0.1
1.1 ±0.2
1.0 + 0.1

District

Division

longrains 1996

Yield (kg/ha)
short rains 1996

total 1996

Kwale

Msambweni
Kubo
Matuga

773.9± 57.6
628.1 ± 47.0
581.7± 106.1

263.7 ± 58.7
202.6 ±35.4
151.0± 39.8

1106.7± 114.4ab
826.9± 72.4 abc
688.1 ± 157.6 be

Kilifi

Bahari
Kaloleni
Ganze

892.4± 62.2
801.5± 98.1
451.9± 52.2

342.0 ± 74.7
83.0 ±25.0
186.4 ±46.1

1256.0± 118.2 a
834.9 ±107.3 abc
643.6 ± 73.2 c

Figures shown are untransformed averages and standard errors. Analysis was conducted on squareroot transformed data. Figures within the same column followed by the different letters indicate
significant differences (p<0.05) by StudentNewman Keulstest.
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Constraints to maize production
Insect pests, wildlife and drought were considered to be the major constraints to
maize production. Insect pests were mentioned by 99% of farmers and were ranked
most important by 54% (Figure 2.2). Drought was a common problem in both
Districts but was generally considered to be less important than insect attack,
possibly because it is seen as beyond the farmers' control (Waaijenberg, 1993).
Likewise, low soil fertility may have been considered to be a 'fact' and therefore not
often mentioned. In some areas, guinea fowls and rodents caused high damage by
digging up seeds or young plants. Wildlife often caused considerable damage to the
maturing crop. Other, less frequently mentioned and lower ranked constraints
included shortage of labour or land, lack of farm inputs and a fungal disease locally
known as 'Baridi' or 'Asili' (possibly southern leaf blight {Exserohilum maydis) or
southern leaf spot (Cochliobolus carbonum)).
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Figure 2.2. Constraints to maize production, as indicated by farmers. Baridi = fungal
disease,possibly southern leaf blight or southern leaf spot.
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Of the insect pests, stem borers were perceived as a problem by 97% of farmers
(Figure2.3).Armyworms {Spodoptera sp.orspp.)werelocal and sporadicpests,but
their damage canbe massive ifanoutbreak occurs (Youdeowei, 1989).Blackbeetles
damaging roots andthe lower part ofthe stem ofyoungplants (possibly chafer grubs
orHeteronychus spp. (Coleoptera: Scarabidae), were frequently reported by farmers
in Kilifi District. In some villages, they were the most important pests.Leaf rolling
caterpillars were mentioned in Kwale District but not in Kilifi District. Among
storage pests, weevils (possibly Sitophilusspp. (Coleoptera: Curculionidae)), larger
grain borers (Prostephanus truncatus (Horn) (Coleoptera: Bostrychidae)) and other
storage borers (possibly Chilo spp. (Lepidoptera: Pyralidae) or the grain moth
Sitotroga cerealella (Olivier) (Coleoptera: Gelechiidae)) were regarded as
destructive (Figure 2.4). Identifying pests based on farmers' descriptions was
sometimes difficult. One common name was often used for several insect species or
families, andonespecieswasalsofrequently knownunder severalnames.

Stem borer control methods
Thirty-six and 59% of farmers attempted to control stem borers in the two
Districts(Table 2.2).Chemical controlwasthemostusedmethod, especially inareas
with adequate rainfall to grow cash crops, good market possibilities, opportunity for
off-farm employment and relatively good road connections. Bulldock (betacyfluthrin) and Dipterex (trichlorfon), two granular insecticides that are applied in
the leaf whorl, were the most frequently used chemicals. Traditional methods, such
as application of ash or soil in the whorl, were seldom used at the southern Kenyan
coast, unlike in the Kenyan highlands (Grisley, 1997) and the Eastern Province of
Kenya (J. Songa, personal communication). Possibly, knowledge of traditional
methods may have been gradually lost with the increased use of pesticides, as was
found byAtteh (1984)inNigeria.Themoreprestigious statusofchemicals mayalso
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have influenced the farmers to under-report the knowledge and use of traditional
methods.
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Figure 2.3. Insect pests of maize mentioned by farmers in
Kwale and Kilifi Districts as being important. Black beetles =
possibly chafer grubsorHeteronychussp.
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Figure 2.4. Insect pests in maize storage mentioned by farmers
in Kwaleand Kilifi Districts as being important.
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Table 2.2. Percent of farmers reporting knowledge and utilisation of various management tactics for
cereal stem borers inKwale and Kilifi Districts.
Controlmethod
Percentawareness
Percentutilization
Chemical control
Cultural control:
Early planting
Resistant varieties
Properweeding/rotation
Burn around field
Removing infested plants
Other
Neem
Bacillus thuringiensis
Natural enemies
Traditional methods:
Sand or soil
Ash
Witchcraft
Tobacco leaves
Tree/seeds*
Donot know any method
Donot use any method

Kwale

Kilifi

Kwale

Kilifi

93

96

41

19

3
2
3
0
11
4
7
3
1

7
3
1
2
2
0
2
3
1

3
2
3
0
3
0
3
0

3
0
0
0
2
0
1
0

-

-

0
13
0
0
1
4

1
9
2
7
17
3

0
4
0
0
0

0
3
1
2
4

-

-

-

-

41

64

:

notapplicable.
*Farmers reported thatthe following treesand shrubs could be usedtocontrol stemborers:
seeds: Mbarika (species unknown)
leaves: Crotonpseudopulchellus Pax (Euphorbiaceae), Tephrosia vogelli Hook.f. (Papilionaceae),
'Utudi' (possibly Euphorbia tirucalli L. (Euphorbiaceae)), 'Mbonobono' (possibly
Harungana madagascariensisPoir.(Guttiferae) or Tremaorientalis(L.) Bl.(Ulmaceae)).
OnlyT. vogelliand 'Mbonobono' werereported tobeusedfor stemborercontrol.

Cultural control methods are often the most relevant and economic methods of pest
control available to subsistence farmers (Van den Berg et al, 1998). At the coast,
only few farmers were aware of the stem borer-reducing effect ofpractices such as
choice of cultivar, crop sanitation and early planting. Recently, researchers and
farmers worked together in selecting promising and agronomically acceptable
resistant maize cultivars (ISERIPM, 1997).Twosuitable cultivars werehanded over
to the organisation responsible for certification, but the cultivars have not been
released up to now (S. Sithanantham, personal communication). Crop sanitation
recommendations such as burning of stems are not likely to be adopted because
farmers left maize stems inthefieldpurposely after harvest to increase soil fertility.
An alternative to burning is placing stalks horizontally after harvest, thus exposing
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them to the sun and heat (Gebre-Amlak, 1988; Pats, 1996). Stalks could also be
turned into compost (ISERIPM, 1997). Both methods effectively reduce stem borer
populations, require a low input of labour and money, and the crop residues can still
be used to improve soil fertility. Early planting can be an effective measure to escape
serious borer attack (Warui and Kuria, 1983), but this method has little potential in
our study area. Farmers seldom risked planting before the onset of the rains because
of the unreliability of rains. Lack of labour also means that early planting cannot be
done over a wide area, and isolated early plantings may even be more severely
attacked than later plantings (van den Berg et al, 1998). Other cultural control
methods such as tillage, crop rotation, the use of trap crops, water management and
increased planting density are reportedly effective in reducing stem borer
populations, but most of these recommendations are not practical or not feasible for
subsistence farmers (van de Berg et al, 1998).

Natural enemies
Approximately 50% of farmers were aware of the existence of'good insects', with
bees, ants and spiders being the most frequently mentioned beneficials. A total of 17
insect groups, which included ants, spiders, termites, praying mantids, grasshoppers,
millipedes, black beetles and others (Table 2.3), had been observed eating stem
borers. Of the potential predators displayed in glass vials, only Orius sp. (Hemiptera:
Anthocoridae) had not been seen by farmers. This is not surprising, since Orius spp.
are very small (approximately 1 mm) (van den Berg, 1993). More than 80% of
farmers recognised ants (Camponotus sp.), earwigs (Diaperasticus erythrocephala
Olivier) and spiders (Thomisidae), while a majority had also seen coccinellids
{Cheilomenes propinqua propinqua (Mulsant)) and staphylinids (Paederus sabaeus
Erichson) in their fields. The perception of the role of these insects in the agroecosystem varied considerably. Most farmers were not aware of the ecological role
of the insects displayed to them, i.e. they did not consider them to be beneficial or
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harmful. Approximately 20% of farmers considered spiders and ants to be 'good'
insects. Both groups were appreciated for their predatory behaviour, and ants were
also said to frighten wild pigs. Spiders and ants were also regarded as harmful by
some fanners. Spiderswerethoughtto fold maize leaves,while ants were saidtoeat
mature maize cobs or to sting people. Earwigs, coccinellids, cockroaches and
staphylinids were generally regarded as 'bad' insects. Their beneficial impact
(Chapter 6) was either not recognised, or possibly considered to be less important
than their damage. Farmers associated earwigs, coccinellids and staphylinids with
crop injury such as feeding on cobs and folding of leaves. However, it is unlikely
that these groups cause such symptoms (J. Marshall, R. Booth, personal
communications) and farmers may have confused their presence with symptoms
caused by other insects. The predatory coccinellid shown to the farmers, C.
propinqua propinqua, for example, may have been confused with plant-feeding
coccinellids of the subfamily Epilachninae. Cocoons of the parasitoids Cotesia
sesamiae, indigenous to the study area, and the introduced C. flavipes had been
observed by 33%of farmers in maize cobs or stems, but none of the farmers knew
whatthesewere.

Table 2.3. Predators of stem borers,
Kenyan coast.

as observed by farmers from two

Insect
Kwale (N=60)
Safari ant
Other ants
Spider
Praying mantids
Termites
Grasshoppers
Millipede
Black beetles
Unidentified

Districts at the southern

% respondents in
Kilifi (N=47)

Average (N= =107)

23
13
0
1
0

1
1
2
9
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How to improve stem borer control?
Our study indicated a gap in farmers' knowledge on stem borers, stem borer control
methods and natural enemies. There is a need to create awareness on the biology and
ecology of pests and the role of beneficial insects in the farmers' fields. It is also
important to explore new pest control strategies since only few effective, low input and
acceptable control methods are available. Both could be done through the Farmers Field
School (FFS)-approach. In this approach, farmers 'analyse' biology and agro-ecology of
pests in group sessions held weekly during the growing season and learn and improve
pest management by discussing and experimenting (van Huis and Meerman, 1997). By
letting the farmers learn, experiment and generate their own technology, new IPM
options that are acceptable to farmers in the target area will be developed. The FFS
approach is highly successful in irrigated rice in Asia (Kenmore, 1997), but the concept
is fairly new to sub-Saharan Africa. In Kenya, the FFS-approach has been applied in
vegetable and coffee growing, where it had significant impacts with respect to the use of
integrated pest and crop management practices and the concepts that underlie them.
Farmers made their crop management decision differently as a result of the FFSs by, for
example, assessing crop health and natural enemy activity before using insecticides
(Loevinsohn et al., 1998). It is not clear whether the same positive response can be
obtained with a subsistence crop such as maize, as was suggested by observations from
Zanzibar (van Huis and Meerman, 1997). A second potential problem is that the FFSapproach should be supported by the whole agricultural system (farmers, local research
stations, extension services, the Ministry of Agriculture and the Government) in order
for it to have a long-term success. At present, the national extension service is weak due
to lack of means. It may take a long time before the extension service will reach its full
potential and the FFS-approach can be successfully implemented.
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