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Abstract

Maize was established as the most important crop and cob rot as the most important
crop protection problem in Western Kenya. The mean percentage rotten maize grain
resulting from cob rot was 19% based on the PRA survey in Kapsabet and Tongaren
Divisions and on-farm evaluation of the Kenyan hybrids in Tongaren Division in 1998
and 1999 seasons.

The two important factors affecting the incidence of cob rot were the weather
conditions at the period of maturation to harvest and stalk borer. Cob rot incidence
was found to be strongly correlated with percentage borer damage (r = 0.87).
Fusarium moniliforme was the most frequently isolated fungus in cobs that had stalk
borer damage, occurring in 97% of the cobs that had rot and visible borer damage.
F. moniliforme was found in 80%, F. graminearum in 56% and S. maydis in 49% of
maize samples collected on the farms and markets in Western Kenya.
Deoxynivalenol, zearalenone, fumonisin and aflatoxin were detected in samples
collected from the farm and markets in the region. T-2 toxin was absent in all
samples collected from the region. The levels of deoxynivalenol and zearalenone
detected in the samples ranged from 0-1100 ng/g and 0-550 ng/g respectively and
were mainly detected from rotten maize. The presence of zearalenone and
deoxynivalenol is reported for the first time in maize in Western Kenya. Fumonisin
and aflatoxin levels ranged from 0-2348 ng/g and 0-10 ng/g respectively.

All the rotten maize harvested in the region was utilized as livestock feed and for
brewing. Awareness of the potential risks associated with mycotoxins was low
among the farmers and the extension workers.

The Kenyan hybrids H627 and H622 were susceptible to Fusarium graminearum.
The varieties did not show any difference in reaction to F. moniliforme and S.
maydis. This fact was thought to be due to high disease pressure in the field and the
genetic background of the hybrids.
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CHAPTER 1: INTRODUCTION

1.1 Maize production and loss to pests and diseases

Maize (Zea mays L.) is the most important cereal crop in Kenya that is used primarily for
human consumption. Approximately 2.7 million tons of grain is produced annually on
about 1.4 million hectares (Anon, 1992). Nationwide loss due to pests and diseases in
maize is estimated to be between 20-40% (Anon, 1992). The major maize producing
areas of Kenya are located in the Western Highlands of Kenya. In addition to the
problem of too much and too little rain and declining soil fertility, production of maize is
limited by various diseases and pests (Tables 1.1 and 1.2). Several diseases have been
reported affecting maize. They include the leaf spots and other foliar diseases such as
leaf blights, rusts, and brown spots; the systemic foliar disease, maize streak; and ear rot
and stalk rots (Fajemisin 1985). In the Western Highlands the major diseases of
significant importance are blights, ear rots, rust, smut and recently, gray leaf spot (GLS).
Ear rot is an important disease problem affecting maize in this region. Yield loss of 13-
70% has been reported (Anon, 1986). Ear rot is caused by a number of fungi often
infecting the cob as a disease complex. In the Western highlands of Kenya the fungi
associated with ear rots include, Fusarium species, Stenocarpella spp., Penicillium spp.,
Aspergillus spp. (Kedera et al., 1992; Kedera, 1998; McDonald and Chapman,1997).
Besides causing yield losses, these fungi can produce toxic secondary metabolites called
mycotoxins which are associated with human and livestock diseases.

In the Western Highlands, maize is produced under a wide range of ecological

conditions. The area basically can be divided into three zones: the highlands which have



high rainfall and altitude ranging from 1500-2300 masl; the mid altitude that has a
moderate rainfall, with altitude ranging from 1000-1800 masl and the marginal areas with
low rainfall, and altitude ranging from 1000-1800 masl.

Different maize varieties are recommended for each of these ecological zones (Table
1.3). The varieties recommended for the highlands are mainly the hybrid 600 series
(Kenyan Agricultural Research Institute and Kenya Seed Company, Kenya), which
include H614, H622, H625, H626, and H627 (Appendix 2). These hybrids have a
maturity range of 6-8 months, with average yield potential of 7500- 9500 kg/hectare. In
the medium altitudes the recommended varieties are H511, H512, and H 513, which
have a maturity range of 4-5 months and average potential yield of 3600- 5000 kg/
hectare. Inthe marginal areas, the recommended varieties are the Katumani composite,
DHI1 and DH2. The maturity range for these hybrids is 3-4 months and they have
average potential yield of 3600 kg/hectare. In the medium altitude and the marginal
areas, in addition to these recommended varieties, farmers keep and grow their own local

varieties.

1.2 Background to the study

In 1994, surveys were carried out by NRI scientists in Eastern and Southern Africa to
ascertain the perceived importance of maize ear rots in these regions. The visits were
made to maize researchers and smallholder farmers growing maize in Kenya, Tanzania,
Malawi and South Africa. All the national research scientists felt that cob rots were an
important constraint to maize production and were concerned about the risks to human

and animals resulting from contamination with mycotoxins. With the exception of South



Africa, it was established that there is little information available on quantification of
losses due to the ear rot complex or mycotoxins in smaltholder farming system in Africa.
The present study was developed to address this gap in our knowledge through a social
economic and biological investigation of the factors associated with ear rot and
mycotoxin contamination. The Western Highlands which form the main maize growing
zone of Kenya is characterized by a bi-modal rainfall, with the second rains often
coinciding with the maturity of maize crop. The result is often high cob rot incidence.
1.3 Objectives

1. Find out farmers perception and existing practices in relation to maize ear rot
complex.

2. Identify the major factors associated with maize ear rot complex in the region

3. Identify major maize ear rot pathogens in Western Kenya.

4. Determine the major mycotoxins associated with maize ear rot in Western Kenya and
whether they occur in levels that are a health risk to humans and livestock.

5. Evaluate the current germplasm available to farmers and how agronomic practices

might influence maize ear rot incidences
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CHAPTER 2: LITERATURE REVIEW

2.1 Distribution and importance of maize ear rots

Ear rots are widely distributed, being found wherever maize is grown. Heavy
infestations of the ear rot fungi result in significant yield losses and in addition, these
fungi can produce a range of toxins which have been linked with a number of
mycotoxicoses and carcinomas of humans and livestock (Julian et al., 1995).
Fusarium moniliforme occurs worldwide on a great variety of plant hosts and is one
of the most prevalent fungi associated with maize (Zea maydis L.) in most maize
producing areas of the world (Booth, 1971). Fusarium graminearum has also a
world wide distribution as a soil inhabitant and a serious pathogen that causes root,
foot, crown, stem and ear rot and headblight of cereals (Booth, 1997; C M.1
Description of pathogenic Fungi and Bacteria No.22). Various reports exist on the
distribution of ear rots in association with specific fungi and the mycotoxins
produced. Ear rots caused by Fusarium moniliforme and the toxin Fumonisin B,
have been reported in many countries including the USA, Argentina, Brazil, Egypt,
South Africa, China (Coker, 1997) and in Kenya (Kedera, 1992). Fusarium
graminearum rots and the mycotoxins deoxynivalenol have been reported on maize
in Canada, USA, Australia, France, Hungary, Argentina, South Africa, Zambia and
Chin. Stenocarpella maydis can cause extensive spoilage of maize cobs during wet
periods in the late growing periods in South Africa. Toxigenic effects have been

identified in S. Africa, USA, and S. America (Coker, 1997)

2.2 Common fungi associated with maize ear rots

Some of the most commen fungi that cause ear rot include Fusarium spp., such as



Fusarium moniliforme Sheldon, Fusarium graminearum Schwabe, and
Stenocarpella maydis (Berk ) Sutton. Fusarium moniliforme is associated with hot
humid or dry weather, while Fusarium graminearum is associated with cool humid
environments (Martin and Gilman, 1976). The other fungi causing ear rot of maize
are Nigrospora oryzae which cause Nigrospora ear rot and Macrophomina phaseoli
that cause charcoal ear rot. The other secondary organism are Aspergillus niger that
cause black mould, Aspergillus flavus that causes Aspergillus ear rot and Penicillium
spp. that cause Penicillium ear rot. Table 2.1 shows the fungi and type of ear rots

caused by the fungi.

Table 2.1. Common fungi associated with maize ear rot

Fungi Disease Symptoms Source
Fusarium moniliforme Sheldon  Fusarium ear  Pinkish, red-brown De Leon, 1984

(=Gibberella fujikuroi rots or gray if badly

(Sawada)Wollenw) rotten

Fusarium graminearum Schwabe Fusarium ear  Reddish-pinkish Heseltine, 1977,

(=Gibberella zeae (Schwein.) rots starting at the tip Koehler, 1942;

Perch). the cobs Sutton, 1982

Stenocarpella maydis (Berk ) Diplodia ear Light- weight, De Leon, 1984

Sutton rots discoloured kernels

(= Diplodia maydis (Berk) Sacc).

Stenocarpella macrospora Diplodia ear light- weight, De Leon, 1984
rots discoloured kernels

Aspergillus niger Aspergillus Black mould Samson and
rot Hoekstra, 1996

Aspergillus flavus Aspergillus Green mould Samson and
rot Hoekstra, 1996

2.2.1 Fusarium moniliforme Sheldon

Fusarium moniliforme is placed in the section Liseola of the genus Fusarium. A
section separates species in a large genus into smaller units with similar
characteristics (Nelson, 1992). The morphology of the macroconidia is the primary

characteristic for defining most species of Fusarium (Toussoun and Nelson, 1975).



Species in the section Liseola do not form chlamydospores and both microconidia
and macroconidia are endoconidia formed inside the hyphae or conidiophores
(Hawksworth, 1983). The conidia form on monophialides or polyphialides. A
monophialide is a cell that develops one open end while a polyphialide is a cell that
develops two or more open ends from which basipetal succession of conidia
develops. Fusarium moniliforme consists of at least seven reproductively distinct
mating populations designated as A through G (Leslie, 1995). Populations A, D,
and E are the most common in maize. Most of the mating populations correspond to
particular anomorph species in the Liseola section of Fusarium. Both the A and the
F mating populations belong to Fusarium moniliforme on the basis of morphology
(Leslie et al., 1990, Munkvold and Desjardins, 1997). Many of the strains in the A
mating population appear frequently on maize and are prolific producers of the
mycotoxin, fumonisin. Members of the F mating population produce little or no
fumonisin and frequently occur on sorghum (Munkvold and Desjardins, 1997; Leslie
et al., 1992). Population D corresponds to Fusarium proliferatum strains andt
produce copious amounts of fumonisins. Members of population B and E that
correspond to Fusarium subglutinans strains produce little or no fumonisin (Leslie et
al., 1992). Other species of section Liseola that produce fumonisin, include F.
anthphilum, F. napiforme and F. nygamai (Munkvold and Desjardins, 1997).

The macroconidia of Fusarium moniliforme are sickle-shaped to straight with the
dorsal and ventral surfaces almost parallel. The macroconidia are thin-walled with a
distinct basal or foot cell and an apical cell that is often elongate. Microconidia are
primarily single celled and ovoid to obovoid in shape with a truncate base.

Microconidia are borne in long chains and false heads and those borne in chains have



a truncate base. A false head consists of a droplet of moisture at the tip of the
microconidiophore (Nelson, 1992). These hold the microcondia in place as they are
produced. The microconidiophores are long un-branched and branched
monophialides. Fusarium proliferatum has the same characteristics as F.
moniliforme except the microconidia are borne in short chains and false heads on
both monophialides and polyphialides (Nelson, 1992). Fusarium proliferatum is
often misidentified as F. moniliforme. It is nearly as common on maize as F.
moniliforme in temperate regions and can be isolated from symptomatic and
asymptomatic tissues, including seed (Munkvold and Desjardins, 1997). Fusarium
subglutinans differs from F. moniliforme in that the microconidia are borne in false
heads only on microconidiophores that are both monophialides and polyphialides.
The microconidia are fusiform to ovoid to obovoid. Besides this, Fusarium
subglutinans often produces 0-3 septate elongate, fusiform to spindle shaped
microconidia, often referred to as mesoconidia (Pascoe, 1990). Fusarium
anthophilum differs from F. moniliforme in that the microconidia are borne in false
heads only and on both monophialides and polyphialides. Microconidia are primarily
single celled and are fusiform to ovoid or obovoid in shape or pyriform to napiforme
to round with a small basal papilla (Nelson, 1992).

Fusarium moniliforme survives in crop residues but is not usually among the
common Fusaria (Leslie ef al.,1990). It does not produce chlamydospores but can
produce thickened hyphae that apparently prolong its survival (Kommedahl and
Windels, 1981). It is seed-borne and seed-transmitted. This factor associates the
fungus with seedling blight, however the role of seed transmission in stalk and kernel

rot is not established. Strains of this fungus have been traced throughout the plant in

10



some cases (Kedera et al., 1992; Munkvold, 1992). It has also been reported that
seed can be infected with this fungus but with no detrimental effect on the seedling
(Kommedahl and Windels, 1981). F. moniliforme produces abundant microconidia
that are air-borne in maize fields (Kommedahl and Windels, 1981; Nelson, 1992).
Rain and wind also serve as a means of spreading inoculum that may be sourced from
crop debris and corn in cribs. Fusarium moniliforme has been reported to enter more
ears than any other fungus, even when ears are covered by husks and free from bird
or insect damage (Koehler, 1942). Rot is usually confined to the tip of the cob, or in
places damaged by corn borer, or when ears are wet (Warren, 1977). F. moniliforme
is associated with disease at all stages of development, infecting the root, stalk and
kernels (Munkvold and Desjardins, 1997). Symptomless infection of the fungus can
also occur throughout the plant. Seed transmitted strains of the fungus can develop

systemically to infect the kernels (Munkvold et al., 1997a; Kedera et al., 1992).

2.2.2 Fusarium graminearum Schwabe

Fusarium graminearum ear rot is characterized by growth of pinkish mould on the
silk, kernels, cobs and husks and the cobs become soft and spongy. Inoculum
dispersal is by wind, rain, insect and birds. Entry into the maize ear can occur
through wounds or mycelium growing down the silk and cob from germinating spore
on the silk (Heseltine and Bothast, 1977; Koehler, 1942; Sutton, 1982). Fusarium
graminearum produces numerous mycotoxins but the most important economically
are deoxynivalenol, nivalenol and zearalenone. F. graminearum belongs to the
section Discholor of the genus Fusarium. Other members in this group include
Fusarium sambicinum, F. culmorum, and F. sulphureum. The teleomorph of

Fusarium graminearum is Gibberella zeae (Schwabe) Perch. It is primarily a
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pathogen of graminaceous plants. In maize it causes cob rot and stalk rots. Two
populations of . graminearum have been described and termed as group 1 and 2.
Isolates from group 2 form perithecia readily in nature and in culture on carnation
leaf agar, while isolates of group 1 do not form perithecia readily in culture except in
compatible crosses. Group 1 isolates cause crown rot of wheat, whereas group 2
isolates are responsible for head scab of wheat and also attack corn cobs. Eugenio ez
al., 1970 observed the association between production of perithecia and the
mycotoxin zearalenone. He suggested that high levels of zearalenone production
inhibit perithecia production. The toxin is thought to regulate sexual reproduction in
F. graminearum (Inaba and Mirocha, 1979). The difference in perithecial
production between the two populations of F. graminearum is believed to be due
to the inherent difference in zearalenone production ability (Marasas ef al., 1984).
Based on the production of different trichothecenes, Fusarium graminearum is
divided into two chemotypes: chemotype I, comprises of deoxynivalenol producers
while chemotype II are the nivalenol producers (Miller ef al., 1991; Mirocha et al.,
1989). A distinctive feature of . graminearum is its growth on Potato dextrose
agar (PDA), which is usually highly coloured with dense to floccose greyish rose to
golden brown mycelium and a dark ruby reverse. Macroconidia are relatively straight
and thick-walled, with a foot-shaped basal cell. Members of this species do not

produce microconidia.

2.2.3 Stenocarpella maydis (Berk) Sutton
Stenocarpella maydis (Berk) Sutton (= Diplodia maydis (Berk) Sacc. occurs in
nature as an important pathogen of maize. It affects maize kernels resulting in light-

weight, discoloured kernels. White mycelia appear on the cob and the sheath may
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become glued to the cob. The fungus causes seedling blight, stalk rot and ear rot of
maize wherever maize crop is grown intensively. The ear can sometimes be covered
completely by mycelia. Bleached ears develop on the husks, until all the husks are
dry, even if the rest of the plant is still green (De Leon, 1984).

Stenocarpella maydis ear rot usually progresses upward from the base of the ear and
1s visible as a conspicuous, coarse, white to greyish-brown mycelial growth over the
husks and the kernels. The husks are often glued to the kernels by the white
mycelium. Infected kernels have a lusterless appearance and a dull grey to light
brown colour. Black fruiting bodies (pycnidia) are normally produced on the invaded
husks and kernels as well the rotted stalks late in the season.

Besides Stenocarpella maydis, two other species in the genus Diplodia cause ear rot
of maize. These species are Diplodia macrospora Earle and Diplodia frumenti Ellis
and Everhart. The symptoms of ear rot caused by D. macrospora are very similar to
those caused by D. maydis. The cultural characteristics of the fungi are virtually
identical and both are known to produce scolecospores (Hope, 1943). The main
distinguishing feature between Diplodia maydis and Diplodia macrospora is the size
of conidia. Conidia from D. macrospora are two to three times larger than those of
D. maydis (Larsh, 1938). On agar media D. macrospora grows slower than D.
maydis and pycnidia are formed less rapidly and abundantly (Johann, 1935a).
Diplodia maydis also grows readily on synthetic media whereas D. macrospora

requires abiotin like-growth factor (Wyllie and Morehouse, 1977)

2.2.4 Aspergillus spp.
The genus Aspergillus is characterized by conidial heads that consists of asexually

produced spores (conidia). Conidia are borne in chains from cells (phialides or
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sterigmata) developing from an inflated apex or stalk (conidiophore), which arises
from a foot cell. In some species the apex of the conidiophore, called the vesicle, is
enlarged into a club-like shape. The cells on the vesicle from which the conidia are
borne may be arranged in one or two rows commonly referred to as uniseriate and
biseriate respectively. Some of the members of this genus include Aspergillus flavus,
A. parasiticus , A. niger, A. ochraeceous. Aspergillus flavus and A. parasiticus
are prevalent on crops grown in warmer climates especially groundnut and maize.
Although Aspergillus ssp. causes post harvest disease, pre-harvest invasion has been
reported on cotton seed, groundnut and maize (Wyllie and Morehouse, 1977).
Colonies of A. flavus are green/yellow to yellow/green in colour and may remain
green on Czapek’s agar. Aspergillus parasiticus colonies on Czapek’s agar tend to
be dark green and remain green in age. Isolates from these two fungi can produce

aflatoxin.

2.3 Mode of infection of ear rot fungi

Colonization of the kernel surfaces by Fusarium moniliforme has been shown to
occur early in the season with little internal infection until kernel moisture is lower
than 34%. Fusarium moniliforme is known to infect maize kernels through silk and
through kernel damage caused by insects (Headrick and Pataky, 1991; Nelson, 1992).
The relative importance of silk infection, insect assisted infection and systemic
infection is influenced by the availability of inoculum for each type of infection. Silk
infection is the most important pathway for F. moniliforme to reach the maize
kernels. Other pathways to kernel infection such as seed transmission and systemic
infection are less effective (Munkvold et al., 1997a). The movement of Fusarium

moniliforme systemically from seed to kernel has been demonstrated (Kedera et al.,
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1992). However, the relative importance of seed transmission to kernel infection is
not established. This fungus is known to survive in crop residues but is a minor
component of the fungi surviving in crop residue. The spores of this fungus are
usually abundant in maize fields during the reproductive growth stages (Leslie ef al.,
1992; Ooka and Kommedahl, 1977).

Aspergillus flavus and Fusarium moniliforme have been described as weak
pathogens with similar mode of entry into the corn ears (Marson and Payne, 1984).
Fusarium graminearum enters the ear via silk and silk channels with infection
spreading down the ear from the tip. Insects and birds can be vectors of this
pathogen, and wounds created by feeding may pre-dispose the ear to fungal invasion
(Hesseltine and Bothast, 1977; Koehler, 1942).

Infection of maize kernels, by Stenocarpella maydis (Berk) Sacc also occurs late in
the development of the kernels. Entrance of S. maydis has been observed to be in the
pedicel and penetration through the hilar region. Although the closing layer of the
hilum is impermeable to the fungus, the fungus enters the kernel before the closing
layer is formed (Johann e al.,1935b). It has been observed that lines of maize
susceptible to S. maydis have delayed or ineffective closure of the hilar orifice
(Johann et al/.,1935b). In Diplodia ear rot, the main pathway of infection of the
kernels is through colonization of the fungus from the shank up into the ears
(Dorrance et al., 1998). Loss is due to reduced seed weight and seed viability
(Dorrance et al., 1998). For the colonization of the shank and stalk tissue,
germinating spores penetrate the epidermal cell walls and the host cytoplasm by the

formation of an appressorium and enzymatic degradation (Bensch et al., 1992).
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2.4 Factors favouring ear rots and mycotoxin contamination

Factors favouring ear rots and mycotoxin contamination are specific to the ear rot
pathogen and the type of mycotoxin produced. Environmental factors in the field
such as temperature , moisture availability and a susceptible host may influence the
level of ear rot in the field. However the conditions that allow for optimum growth
of the pathogen particularly temperature may not be the optimum conditions for the
production of a particular toxin (Lacey, 1989). Although F. graminearum is widely
distributed , it is favoured by cool conditions. Similarly the toxins produced by this
fungus, such as deoxynivalenol and zearalenone, are more associated with temperate
climate or in the highland areas of developing countries which have a cooler climate
(IARC, 1993a). Fusarium moniliforme is favoured by warm dry conditions.
Fumonisin production is also associated by warm dry conditions while zearalenone
production is associated with cooler temperatures (Martin and Gilman, 1976).
Drought stress with accompanying high temperatures are the factors most frequently
reported to increase the likelihood of out breaks of pre-harvest aflatoxin
contamination. The influence of temperature, moisture and time on fungal growth
and mycotoxin production has been studied under controlled environments.
Ochratoxin A can be produced at both low and high temperatures, at low
temperatures it is produced by Penicillium viridicatum and at high temperatures by
Aspergillus ochraceous. Changing temperature may change the relative amount or
proportions of different mycotoxin produced by a fungus. Under artificial conditions,
maximum zearalenone production occurs at 12- 18°C. Canadian isolates of F.

graminearum have been found to produce mainly zearalenone at 19.5 °C, and

deoxynivalenol at 28°C and both toxins equally at 25°C (Greenhalgh ef al., 1983).
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The time between harvesting, shelling and drying and the length of storage coupled
by environmental factors are important in production of mycotoxin. The
environmental factors such as moisture, and temperature will influence fungal
growth, sporulation and mycotoxin production. Moisture is a very important
parameter in fungal growth and mycotoxin production. Manipulating water
availability is a widely used method for the control of fungal colonization and
mycotoxin production. In store, regulation of the moisture content of grain is
essential to control fungal growth. Also in the growing crop in the field, in addition
to its effect on crop growth, water affects susceptibility to fungal invasion and
mycotoxin production and the accumulation of leaf litter (Lacey, 1989). Irrigation
can be used to combat the increased susceptibility of maize and groundnuts to
Aspergillus flavus infection and aflatoxin production that results from drought stress.
However, it has been found to enhance Fusarium spp. especially Fusarium
graminearum on ears of irrigated fields compared to infection where there was no
irrigation (Payne et al., 1986). The infection was associated with irrigation during
anthesis, when susceptibility was high, with further colonization exacerbated by
lodging and wet conditions close to harvest.

The water availability of stored grain is usually controlled by harvesting as dry as
possible, then drying the crop with or without heat before storage. Fungi differ in
their tolerance to water availability, the minimum (a v ) for most species colonizing
cereal grains is about 0.70. For short term storage, grain should be stored at 0.72
and for longer term at 0.65. The recommended moisture content for short and long
term storage is 14.8% and 13.7% respectively (Table 2.3). However on the market

seeds are traded at higher a, (Lacey, 1989; Magan et al., 1984). Table 2.2 shows the
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minimum water requirement for the growth and mycotoxin production of various
fungi.

The gaseous environment has a great influence on metabolic activity of fungi because
toxigenic fungi are aerobic and elevation of CO, decreases toxin production (Landers
etal., 1967). Reduced levels of O, and increased levels of CO, have been shown to
reduce mould growth and proportionally decrease in toxin production at optimum
and sub-optimum temperature (Wilson and Jay, 1979). However excessive aeration
of stored grain compared to non-aerated grains has been shown to decrease aflatoxin
formation in stored grain (Hesseltine, 1966).

It has been shown that aflatoxin production decreases with increasing pH and
degradation of this mycotoxin is higher at pH 5-6.5 than pH 7.0 (Cotty, 1988).
Composition of the substrate will influence the level of mycotoxin production.
Substrates with high carbohydrate and lipid composition favour aflatoxin production
as in the case of peanuts, wheat, rice and maize (Hesseltine ez al., 1966). Foods with
high protein content and low carbohydrate like cheese do not favour aflatoxin
production (Bullerman, 1981). Some crops such as soy beans have been reported not
to favour the production of aflatoxin (Gupta and Venkitasubramian, 1975) or
zearalenone production (Eugenio e al., 1970).

Interaction of micro-organisms on the kernels may favour or inhibit one another.
Their interaction may be competitive or synergistic on the grain during harvesting,
transportation and storage. A notable example of competitive establishment is the
inhibition of production of aflatoxin by A. flavus due to competition by Aspergillus
niger (Wyllie and Morehouse, 1977).

Insect damage to developing ears can significantly increase aflatoxin levels in pre-
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harvest ears damaged by the corn ear worm (Helicoverpa zea), fall army worm
(Spodoptera frugipenda), European corn borer (Ostrinia nubilalis) and maize
weevils. The insects increase Aspergillus flavus contamination by feeding on and
damaging developing kernels and transporting 4. flavus conidia into the ear. A
synergistic relationship has been demonstrated between A. flavus and the Southern
West corn borer of maize (Diatraea grandiosella) in the United States of America.
A. flavus resistant hybrids were found not to be effective in limiting aflatoxin
contamination in the presence of A. flavus and the southern west corn borer
(Windham ef al., 1999). In South Africa, it was shown that Busseola fusca or
physical damage increased the incidence of kernel infection by Stenocarpella maydis
(Flett and van Rensburg, 1992). Insect feeding can enhance A. flavus infection in
maize ears. Insects can invade grain too dry for fungal growth causing heating and
releasing water through their metabolic activity. As a result, conditions become more
favourable for fungal growth. Insects can disseminate spores on mouth parts and
hairs. Beetles may carry A. flavus and Fusarium spores to maize ears in the field
and grain borers may disseminate A. flavus and Penicillium spores in stored grains
(Lacey, 1988).

Table 2.2. Minimum moisture content for fungal growth and mycotoxin

production
Species Mycotoxin Minimum a,,
For growth For mycotoxin production
Alternaria alternata Alternariol 0.88 0.9
Fusarium culmorum Zearalenone 0.90
Aspergillus flavus Aflatoxin 0.80 0.83
A. ochraeceus Ochratoxin A 0.79 0.87
Penicillic acid 0.87
Penicillium aurantiogriseum  QOchratoxin A 0.80 0.89
Penicillic acid 0.97
P. viridicatum Ochratoxin A 0.82 0.86

ay - water activity

Magan and Lacey, 1984; Northolt and Bullerman, 1982)
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Table 2.3. Water content for storage of different seeds without visible moulding
for short (3 months) and (long 2-3 year) periods at 15-29 °C

Grain type Water content (%) for safe storage
short periods (0.72a,,) | long periods (0.65a,)
Wheat 15.7 14.6
Maize 14.8 13.7
Barley 14.8 13.6
Oats 14.5 13.4
Soybeans 13.3 114

(Lacey, 1988)

2.5 Strategies to minimize ear rots

Ear rots occur in the field, but some ear rot causing fungi continue to cause rotting in
the stores depending on the conditions of storage. Some storage fungi such as
Aspergillus flavus (Wyllie and Morehouse, 1977) may also start in the field
depending on the prevailing field conditions. The level of ear rots in the field and
store depends on the predisposing factors. Ear rot development in maize fields
depends on a number of factors, among them being, physiological resistance of the
host, husk protection, declination of the ears, atmospheric moisture, soil fertility
conditions, presence of the spores of the pathogen and, in lodged corn, broad contact
of ears with the ground (Koehler, 1953). Conditions favourable to the development
of one kind of ear rot may not be favourable to the development of others.

Strategies to control ear rots, depend on the identification of these factors. Some of
these strategies to reduce yield losses due to ear rots may also contribute to reduction
of mycotoxin contamination both in the field and storage. Strategies to control ear
rots involve those factors contributing to resistance of the host plant and cultural

management of the crop both in the field and at the post harvest handling stage.

20



2.5.1 Cultural methods

Management of the ear rots involves all stages of maize production in the field and
post harvest stages. The main factor that determines ear rot infestation in the field is
the availability of the ear rot pathogen. The principal source of inoculum for ear rot-
causing fungi is host debris such as old corn stocks, ears and stubble left on top of the
soil (Trenholm, et al., 1989). Management strategies that involve the removal of the
crop debris will lower the inoculum levels. To reduce the inoculum it is important to
plough the crop debris into the soil as soon as possible after harvesting (Martin and
Johnson, 1982; Teich and Hamilton, 1985). Iftrash is left on the field after
harvesting, mould infection can be carried over to the next year. Surface stubble
supports fungal overwintering and production of pycnidia more readily than does
buried stubble. Removal of surface stubble by conventional mouldboard ploughing
tends to reduce inoculum particularly of Stenocarpella maydis (Flett et al., 1998).
Byrnes and Carol (1986), indicated that Fusarium ear rot or stalk rot is either
decreased or is not affected by conventional tillage. Similar reports by Flett and
Wehner (1991), also indicated that Fusarium ear rot was not affected by tillage
practice. Survival of Fusarium moniliforme has been reported to be poorer on
surface corn stubble compared to stubble buried to 30 cm (Nyvall and Kommedahl,
1970). However Skogland and Brown (1988) working on the same fungus, found
equal numbers in both buried and surface stubble. They suggested that Fusarium
graminearum will survive in buried host tissue provided that the tissue integrity is
maintained.

Effective land preparation which allows for early planting and effective weed control

has been found to assist in control of Fusarium diseases in corn (Seaman, 1982).
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Weed control is considered important in the elimination of wild hosts of Fusarium
(Martin and Johnson, 1982). In maize, small scale farmers practice several types of
land preparation ranging from conventional ploughing and removal of crop residues
to different types of minimum tillage or no tillage (Mora and Moreno, 1984). These
different practices may have varying effects on the incidence of ear rot. Both
incidence and severity of Diplodia on the leaves have been found to be influenced by
soil management treatments and cropping sequence (Mora and Moreno, 1984).
Burial of infected stubble by ploughing has also been found to reduce inoculum and
furthermore render it less readily dispersible by wind and rain (Flett ez al., 1992).
Continuous cropping of maize under zero tillage systems has been found to increase
the incidence of ear rots in the field. Zero tillage practice is not common in maize-
producing areas of Kenya. Zero tillage is associated with retention of soil moisture,
maintenance of constant soil temperature and pH, improved soil structure, and low
costs of production. Different maize production and harvesting practices have an
effect on the incidence of ear rot. Positive correlation has been observed between
cob and stalk rot severity and conservation tillage (Flett and Wehner, 1989, Flett et
al., 1992). Saprophytic studies of Fusarium moniliforme show that the fungus is not
a soil inhabitant (Nyvall and Komedahl, 1968). When host tissue decays the fungus
disappears and is only found on tissue resistant to decay (Nyvall, 1970). This work
suggests that Fusarium inoculum can be reduced considerably if the crop residue is
allowed to decompose before growing the next crop. Investigations have been
carried out (Flett et al., 1998) to determine the efficacy of periodic ploughing in
reducing maize ear rot caused by Stenocarpella maydis, Fusarium moniliforme and

Fusarium graminearum in reduced-tillage fields. This work was carried out for a
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period of over 3 seasons during 1993-96 at Bloekomspruit in South Africa. The
studies revealed a positive linear correlation between Stenocarpella ear rot incidence
and surface stubble mass. Mouldboard ploughed plots had lower stubble mass and
Stenocarpella ear rot incidence than did reduced tillage practices. A cross-
mouldboard plough applied after 1, 2 and 3 seasons of reduced tillage, reduced
stubble mass and Stenocarpelia ear rot incidence in the respective seasons only.
Stenocarpella incidence increased in the subsequent season in which the original
tillage practices were again applied. Alternating practices therefore did not reduce
Stenocarpella ear rot in the long term. It was therefore concluded that reduced
disease incidence can only be achieved by moulboard ploughing during each season.
Alternating tillage practices had no effect on ear rots caused by Fusarium spp. during
all seasons and the conclusion from these findings were that, for long term control of
Stenocarpella ear rot, mouldboard ploughing seems to be the only viable option
(Flett et al., 1998). This work supports the earlier reports by Ullstrup (1964), that
infected maize stubble is the major source of Stenocarpella maydis inoculum.

Crop sequence and seedbed preparation have been identified as important
management practices influencing disease development in maize (Mora and Moreno,
1984). Repeated growing of corn, wheat or other small cereal grains on the same or
nearby fields were associated with increases in the inoculum for ear rot causing fungi
and population of insects that attack corn plants and spread mould inoculum
(Trenholm ef al., 1989). To reduce this problem, it was recommended that the cycle
be broken periodically to control insect and fungal infestations (Trenholm et al.,
1989). Rotations that include crops other than corn or cereals susceptible to

Fusarium infection have been suggested as a strategy to minimize ear rot and insect
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infestations in the field (Martin and Johnson, 1982).

Insects attack has been shown to pre-dispose maize to A. flavus and subsequent
aflatoxin contamination. In the USA, varieties of maize resistant to A. flavus have
been shown to become susceptible following damage by the southern west corn borer
(Windham et al., 1999). The insects increase Aspergillus flavus contamination by
feeding on and damaging developing kernels and transport A. flavus conidia into the
ear. A similar positive correlation has been demonstrated between high populations
of western flower thrips (Frankliniella occidentalis) and incidence of Fusarium
moniliforme at the silking stage in USA (Farrar and Davis, 1991). Application of
insecticide to control flower thrips resulted in lower incidence of ear rot.

Birds also shred the husks, puncture and ingest the contents of kernels. This damage
can facilitate insect attack and mould invasion (Sutton, 1982). In Canada, it has been
found that planting infected grain of corn and wheat may give rise to diseased
seedlings. High quality and fungicide-treated seed reduced the seed-borne inoculum
(Trenholm, et al., 1989). Fusarium moniliforme is seed-borne and seed-transmitted
and has been found to colonize maize kernels without visible symptoms, although the
mechanism for transmission from seed to kernels is not yet clear.

In Kenya, maize is often left in the field well beyond physiological maturity before
harvest. When harvest is delayed, maize kernels may be subjected to infection by
fungi. (Ochor, et al., 1987). Delayed harvest may exacerbate the problem of ear rot
(Kedera, et al., 1994). Conversely, harvesting at physiological maturity when
moisture content is high increases the risk of mould contamination during post
harvest handling (Nagler, 1987).

Lodged stalks with cobs touching the ground provide an opportunity for ear damage
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(Martin and Johnson, 1982). This suggests those management strategies that will
reduce lodging will lower the incidence of maize ear rots.

Further and additional mould contamination can occur during post harvest and
storage. Some field fungi can continue to cause further deterioration in transit or in
store when the right conditions occur. This together with storage fungi may inflict
serious losses on the kernels. The rate at which maize deteriorates in storage is
influenced by a number of factors, of which the most important are moisture content,
temperature, the fungi involved, length of storage, rate at which the fungi grow,
condition of the grain, location and severity of injuries in the pericarp of the maize
kernels (Subhi and Christensen, 1960). Regulation of these factors such as reducing
the moisture content quickly to levels below 13%, removal of broken grains and
foreign materials and control of insects have been suggested (Lacey, 1989). Moulds
have been reported to continue growing on freshly harvested maize unless it is
quickly dried to moisture concentrations of 13-15% or below. (Trenholm et al.,
1989). In USA, Sauer et al., (1984) reported that the most common Aspergillus
species on stored maize was Aspergillus flavus, occasionally other species of
Aspergillus were found. Fusarium moniliforme was the most common species in
corn samples. Other genera identified included Cephalosporium, Penicillium,
Cladosporium, Trichoderma, Nigrospora, Alternaria, Helminthosporium, Mucor,
Rhizopus, Chaetomium, Diplodia, Trichothecium, and Syncephalastrum. Although
both field and storage fungi are found in the stored grain, freshly harvested grain is
relatively low in storage fungi. Field fungi are most abundant in new crop grain
(Sauer et al., 1984). A positive relationship has been established between moisture

content and percentage of kernels with storage fungi and geographical difference
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observed in storage mould levels. Samples higher in storage mould invasion were
also higher than average in insect invasion (Sauer e al., 1984). Quick drying of the
kernels can therefore arrest the continuation of growth of field fungi and storage

fungi and minimize the losses associated with deterioration in transit or store.

2.5.2 Resistance

Development of resistant hybrids is considered to be a viable option to reduce ear rot
diseases in corn (Chungu, 1996). The use of these resistant varieties to control the
disease is likely to be more effective than the use of cultural measures or chemical
treatments, which do not provide adequate control (Barnes and Carroll, 1986).
Evaluation of maize germplasm for ear rot resistance has been done in many parts of
the world, showing genotypic effects between cultivars. Information on time and
method of inoculation, have been developed (Reid, 1992; Chungu, 1996; Shelby et
al., 1994; Hart et al., 1981; Campbell, 1995). Selection for resistant genotypes can
be made by visual rating of disease severity (Munkvold and Desjardins, 1997).
Genetic resistance of maize to Fusarium graminearum and F. moniliforme besides
reducing yield losses due to ear rot, has the greatest potential for minimizing the risk
of mycotoxin contamination (Schaafsma ez al., 1993). Susceptibility to ear rot and
the levels of deoxynivalenol and zearalenone production have been found to be
germplasm dependent (Hart, e7 al., 1982; Cullen, 1983).

Occurrence of F. graminearum is sporadic, so relying on natural infection to screen
germplasm for resistance is not useful in years when the environment does not favour
infection (Reid et al., 1993). The site of resistance to Fusarium moniliforme has
been suggested to be the pericarp of the kernels by Scott and King (1984). Fusarium

moniliforme enters the kernels through damage caused by insects (Scott and King,
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1984; Farrar and Davis, 1991) and the thickness of the pericarp is an important factor
in resistance. Hoenisch and Davis (1994) demonstrated that the pericarp layer on the
cap of eight hybrids with high and intermediate level of resistance to ear rot caused
by Fusarium moniliforme (determined by the percentage of kernels visibly infected
by the fungus) was thicker than the pericarp of the susceptible hybrids. In contrast,
the aleurone layer of the susceptible hybrids was thicker than the aleurone layer of the
resistant hybrids. This suggests that the relatively thin pericarp layer of susceptible
hybrids allow easy access of the fungus into the kernels, especially through insect
wounds. Scott and King (1984) showed that the genetic contribution to the embryo
and endosperm by the pollen has no influence on infection and ear rot caused by
Fusarium moniliforme. He therefore suggested that resistance to ear rot is under
the genetic control of the mother plant.

The severity of ear rot has been found to be positively correlated with intra ear
population of ear thrips (Frankliniella occidentalis Pergande) and loose husks
surrounding the developing ears. Ear husks of resistant hybrids, but not susceptible
hybrids, physically excludes the entry of thrips through the silk channel opening
during the development when kernels are highly susceptible to infection (Hoenisch
and Davis, 1994). Farrar and Davis (1991) found that when insecticide was applied
to the ears of susceptible hybrids at green silk stage of development, it completely
eliminated Fusarium ear rot. It was therefore assumed that, the feeding activity of
thrips allowed entrance of the fungus through the pericarp of the kernels. Warfield
and Davis (1991) in California USA, showed that there was a positive correlation
between population of western flower thrips in the ears and husk looseness and also

disease incidence. He concluded that husk tightness is an important trait in breeding
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for resistance to ear rots caused by Fusarium moniliforme.

Investigation into the growth and ear characteristics of maize, such as ear height,
days to 50% silking, prolificacy, number of husks, ear-shank length, and ear
declination, in association with ear rot (Stenocarpella maydis) in nine commercial
maize cultivars was carried out by Flett ez al., (1994). The studies revealed that
resistance to S. maydis was weakly associated with ear declination and husk numbers.
Koehler et al (1942) also reported a significant correlation between the coverage of
the ear by the husks and reduced ear rot development and indicated that the effects of
genes governing resistance are additive. Resistance to Stenocarpella ear rot is
inherited independently from other ear rot pathogens and to other diseases caused by
Stenocarpella maydis (Thompson et al., 1971; Hooker, 1956). Although S. maydis
causes both ear rot and stalk rot in maize, it has been found that hybrids which are
resistant to stalk rot are not necessarily resistant to Stenocarpella ear rot. Different
factors are responsible for resistance to Stenocarpella invasion in the two regions of
the plant. Evaluations of corn inbred lines of diverse origins and maturities, including
many that were widely used in commercial hybrids production. Hooker (1956) found
no significant correlation between basal stalk rot and ear rot. Unlike infection by
Stenocarpella which is not systemic, infection by Fusarium moniliforme can be
carried systemically from seed to the kernel.

Asagui et al. (1993) investigated the role of phenolic compounds in the resistance of
maize kernels to Fusarium graminearum. A negative correlation was found between
the amount of ear rot observed in the field and the amount of (E)-ferulic acid
detected in kernels by high pressure liquid chromatography.

Corn inbred lines high in lysine were found to be highly susceptible to kernel and ear
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rots, particularly Gibberella zeae and Stenocarpella maydis when compared to their
normal endosperm, near-isogenic counterparts (Ullstrup, 1970). The hybrids from
high lysine corn showed variation in susceptibility depending on the genetic
background. Hybrid differences in resistance to storage mould, particularly
Aspergillus spp. and Penicillium spp. as measured by visible mould and the number
of propagules have been reported (Friday ef al., 1989; Moreno and Chistensen, 1971,
Cantone et al., 1983; Tuite et al., 1985).

Maize hybrids genetically engineered with genes from the bacterium Bacillus
thuringiensis are now commercially available in the USA. These hybrids contain Cry
genes. These genes produces insecticidal crystalline proteins in the plant tissues.
These proteins are toxic to certain insects, particularly the European corn borer
(Ostrinia nubialis). Maize kernel feeding by O. nubialis leads to infection by fungi
that contaminate the corn with mycotoxins. Evaluation of these materials revealed
that, there was consistently less feeding of the insects on the kernels and less
Fusarium ear rot on the transgenic plants than their non-transgenic counterparts.
These hybrids exhibited a lower concentration of fumonisin in kernels compared to
the non-transgenic hybrids (Munkvold et al., 1999). Evaluation of Bt maize hybrid
has also shown that the incidence and severity of Fusarium ear rot and incidence of
symptomless kernel infection was low in these hybrids compared to the hybrids

lacking the bacterium genes (Munkvold, e al., 1997b)

2.6 Mycotoxins associated with maize ear rots
The major mycotoxins associated with ear rot are the trichothecenes, zearalenone,
moniliformin, fumonisins, aflatoxins, and ochratoxin A. The mycotoxins are

discussed below and some of the fungi associated with them outlined in Table 2.4.
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2.6.1 Trichothecenes

The most important mycotoxins in this group are T-2 toxin, nivalenol, deoxynivalenol
(DON) and diacetoxyscirpernol. DON is probably the most widely occurring
Fusarium mycotoxin, contaminating a variety of cereals especially maize or wheat. It
is reportedly produced by strains of Fusarium graminearum and F. culmorum
(Marasas, et al., 1984) which are common pathogens of cereals particularly wheat
and maize. It was first isolated in Japan and later in America as vomitoxin
(Vesonder, et al., 1973; Miller et al., 1983). The occurrence of DON has been
reported in North America, Europe and Japan but in low concentrations. This toxin
1s more likely to be produced in the field than in storage ( Greenhalgh, 1983;
Vesonder, 1981). Its occurrence in cereals in developing nations particularly China
(Luo, 1988) and parts of South America and Africa is relatively high in some years
(IARC, 1993a). Acute mycotoxicoses affecting large numbers of people, caused by
ingestion of deoxynivalenol have been reported in China and India (Miller ez al.,
1991; Bhat et al., 1989). T-2 toxin is produced on cereals in many parts of the world

and is particularly associated with prolonged wet weather at harvest (Coker, 1997).

2.6.2 Zearalenone

Zearalenone is an oestrogen-like metabolite that tends to accumulate in maize ears in
storage rather than in the field (Mirocha, 1974). Zearalenone production is
associated with cooler temperatures (Martin and Gilman 1976). It is the mostly
widely distributed oestrogenic mycotoxin occurring mainly in maize, in low
concentrations in North America, Japan, and Europe. However, high concentrations
can occur in developing countries, especially when maize is grown under more

temperate conditions like the highland regions of the tropics (Coker, 1999).

30



Exposure to zearalenone contaminated maize causes hyper-oestrogenism in livestock,
especially pigs, characterized by vulvar and mammary swelling and infertility.
Zearalenone 1s produced by Fusarium graminearum, F. crookwellense, F,
culmorum, and F. semitectum and is primarily associated with maize, but is found in
low concentration on wheat, barley and sorghum. Concentration in grains in North
America, Europe and Japan are generally low, however in some developing
countries, exposure may be high, particularly where maize is under temperate

conditions (including the highlands) (IARC, 1993a).

2.6.3 Moniliformin

Moniliformin (Sodium or potassium salt of 1-hydroxycyclobut-1-ene 3,4 dione) is a
highly toxic compound that was first isolated in 1973 (Cole et al., 1973). This
compound causes rapid death and pathological lesions including myocardial
degeneration and necrosis in experimental animals (Nelson, 1992). Fusarium
moniliforme is a weak producer of moniliformin. Marasas et al., (1986) tested
several isolates of Fusarium moniliforme and found that, only a small percentage of
the isolates could produce moniliformin and then only in small amounts.
Moniliformin is produced by other Fusarium species; F. subglutinans, F.
proliferatum, F. anthophilum, F. avenaceum, F. acuminatum, F. concolor, F.
equiseti, I. oxysporum, F. semitectum, F. fusarioides (F. chlamydosporum), F.

sporotrichioides, F. culmorum and F. reticulatum (Faber et al., 1987).

2.6.4 Fumonisins
Fumonisins form another group of mycotoxin produced by Fusarium moniliforme.

Six fumonisins (Fumonisin B; -Be) have so far been isolated from Fusarium
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moniliforme and characterized (Thiel ef al., 1992). 1t is also produced by F.
proliferatum (Ross et al., 1990, Thiel et al, 1991), F. nygamai (Thiel et al, 1991,
1991). Fumonisins are widely distributed in maize products, including those from
Europe, although limited numbers of analyses have been published outside South
Africa and USA (Thiel et al., 1992). Fumonisin B, (1,2,3-propanetricarboxylic acid,
1,1 *-(1-(12-amino-4, 9, 11-trihydroxyl-2-methyltridecyl)-2-(1-methylpentyl)-1,2-
ethanedyl) ester and B, (1,2,3-propanetricarboxylic acid, 1,1 ‘-(1-(12-amino-9,11-
trihydroxyl-2-methyltrdecyl)-2-(1-methylpentyl)-1,2-ethanediyl) ester are the major
ones produced in nature but the rest are produced in minor quantities. Fumonisin B,
has been reported in maize or maize products from a variety of agro-climatic regions
in the USA, Canada, Brazil, South Africa, Italy and France (Coker, 1999). The

toxins occur especially when maize is grown under warm, dry conditions.

2.6.5 Aflatoxins

The aflatoxins are widely considered to be the most important group of mycotoxins
and have been associated with mycotoxicoses both in livestock and humans.
Aflatoxin-producing moulds occur widely in sub-tropical and tropical climates,
throughout the world. Drought stress with accompanying high temperature is one of
the most frequent factors reported to increase pre-harvest aflatoxin outbreaks in
maize (Payne, 1992). The two most important moulds associated with aflatoxin are
Aspergillus flavus and A. parasiticus. Aspergillus flavus produces aflatoxin B, and
B, while 4. parasiticus produces aflatoxin B; B ;, G, and G, (Dorner et al.,
1984). The aflatoxins may be produced, both before and after harvest, on many

foods and feeds especially edible nuts, oil seeds and cereals (Coker, 1999).
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2.6.6 Ochratoxin A

Ochratoxin A is an important mycotoxin that is produced by Aspergillus ochraeceus
in warmer climates and Penicillium verrucosum in cooler climates. This mycotoxin
occurs mainly in wheat and barley growing areas in temperate zones of the northern
hemisphere (IARC, 1993b). It also occurs in maize, rice, peas, beans, and cowpeas
(Coker, 1999). Developing countries where it has been reported include Brazil,
Tunisia, Chile, Senegal, Egypt, India and Indonesia. Pork products are considered to
be the most significant dietary source of ochratoxin. Ochratoxin has been detected in
pork products in Europe. High levels of ochratoxin have been detected in the blood
of individuals in Yugoslavia (IARC, 1993) and have also been detected in milk in
Italy (Micco et al., 1991) . Ochratoxin has been linked with the human disease
Balkan endemic nephropathy, a fatal chronic renal disease occurring in limited areas
of Bulgaria, former republic of Yugoslavia and Romania. Ochratoxin causes renal
toxicity, nephropathy and immuno-suppression in several animal species and is

carcinogenic in experimental animals (Coker, 1999).
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Table 2.4. Some common mycotoxins and fungi that produce them

Toxin Species responsible

Aflatoxin Aspergillus flavus, A. parasiticus, A. wentii

Diplodiatoxin Stenocarpella maydis

T-2 toxin Fusarium sporotrichioides, F. equiseti, F. nivale, F. poae

Ergotamine Claviceps purpurea

Zearalenone Fusarium culmorum, F. graminearum, ' .moniliforme, F.
equiseti, ,F. tricinctum, Nectria radicicola

Fumonisin Fusarium moniliforme, F. nygamai, F. verticillioides, F.

proliferatum.

Fusarenon- x

Fusarium nivale

Moniliformin Fusarium subglutinans

Nivalenol Fusarium nivale, Fusarium graminearum

Ochratoxin Aspergillus alliaceus, A. melleus, A. ochraceus, A.
ostianus, A. sclerotorium, A. sulphureus, Penicillium
Verrucosum.

Patulin Aspergillus clavatus, A. giganteus, A. terrus, Byssochlamys

niea, Penicillium claviforme, P. expansum, P. urticae

Penicillic acid

Aspergillus alliaceus, A. melleus, A. ochraeceus, A.
ostianus, A. sclerotorium, A. sulphureus, Penicillium
baarnense, P. cyclopium, P. matriti, P martensii, P.
Palitans, P. puberulum, P. stoloniferum, P. suaveleolens, P.
thomii.

Verticillin

Verticillium species

Source: Martin and Gilman, 1976; Coker, 1997, Samson ef a/,1996
2.7 Diseases associated with mycotoxins in cereal grains
2.7.1 Mycotoxicoses in humans
Diseases caused by mycotoxins are referred to in general as mycotoxicoses.
Mycotoxins produced by ear rot fungi have been associated with a range of toxins
linked to mycotoxicoses and carcinomas in human and domestic livestock

(Gelderblom, 1988).

2.7.1.1 Aflatoxins
In Kenya, there are some records of suspected livestock and human mycotoxicoses.
Between 1978 and 1982 widespread mycotoxin contamination in maize and other

cereals resulting in a number of deaths, were reported in Kenya (Muraguri et al.,

1982, Ngindu et al., 1982 and Manwiller, 1987). These deaths were associated with
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aflatoxicoses in cereal grains. In 1981, in Machakos District of Kenya, twenty people
were admitted in hospital, and 12 died. Two families where there was acute illness
and death, were found to have been eating maize which contained as much as 12000
ppb aflatoxin B;. Liver tissue necroscopy contained up to 89ppb of this mycotoxin.
Mycological cultures of maize grain yielded a mixed growth of Aspergillus flavus,
Rhizopus and Paecilomyces spp. on groundnut medium (Ngindu et al., 1982).

High incidences of liver cancer in the population living around Lake Victoria may be
associated with consumption of mycotoxin contaminated grain (McDonald, 1996).
An epidemiological study was carried out in Murang’a District of Central Province,
Kenya by Peers and Linsel (1973). The daily intake of aflatoxin was estimated by
analysing samples of food (plate samples) which were principally of cereal origin, but
also included honey beers (which also contain grain). The aflatoxin intake was then
correlated with the incidence of primary liver cancer. These studies revealed that the
mean aflatoxin in ng/kg body wt/day ingested was higher in males than in females (
9.8 in and 6.5 respectively) and there were 15 female and 30 male cases of primary
liver cancer (age = 16, 1967-70). The highest levels of aflatoxin ingestion were
found in the populations residing in the lower altitude areas compared to the mid and
high altitude areas. Similar studies on the correlation between oral dose of aflatoxin
B, and the urinary aflatoxin N’ -guanine product revealed that in Murang’a District
of Kenya, 12% of urine samples (over1000 samples) tested contained the aflatoxin
guanine product. The highest concentration was found in the Western Highlands and
the Central Province of Kenya (Autrup ef al., 1983, Autrup et al., 1987). Aflatoxin
B, is a human carcinogen and is one of the most potent hepatocarcinogens known

(IARC, 1993d). Association of aflatoxin ingestion and liver cancer has been reported
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in Uganda (Korobkin and William’s, 1968; Alpert et al., 1968; Alpert and Davidson
1969)), Kenya (Peers and Lindsel, 1973), Thailand (Shank, 1971; Bourgeois et al.,

1971), Swaziland (Keen and Martin, 1971a, 1971b), and India (Robinson, 1967).

2.7.1.2 Fumonisins

Two most important areas where mycotoxins have been associated with human
oesophageal cancer are the Transkei region of South Africa and Guangxi region of
the Peoples Republic of China. Fumonisins produced by Fusarium moniliforme have
been associated with high incidence of oesophageal cancer in the Transkei region of
South Africa (Rheeder ef al., 1992; Marasas et al., 1981). Epidemiological studies
showed a correlation between the proportion of maize kernels infected with
Fusarium moniliforme, one of the most prevalent fungi in maize in the Transkei
region of South Africa, and oesophageal cancer incidence (Marasas et al., 1981).
Follow up studies on kernel infections and fumonisin levels in the high risk and low
risk oesophageal cancer areas revealed that significantly higher mean numbers of
kernels infected with . moniliforme and correspondingly higher levels of
mycotoxins FB; and FB, were present in maize samples, in high risk oesophageal
cancer areas than in low risk areas (Sydenham ez al., 1990; Rheeder et al., 1992).
Similar studies were carried out in the Peoples Republic of China, comparing the
natural occurrence of fumonisins, trichothecenes and zearalenone in corn and wheat
from high and low risk areas for human oesophageal cancer. The studies revealed
that incidence and mean levels of the toxins were higher in the Lingxian maize, which
is an area where the risk of oesophageal is high than Shangqui maize, which is a low

risk cancer area (Luo and Katayama, 1990).
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2.7.1.3 Trichothecenes

Outbreaks of diseases related to trichothecenes in humans resulting from ingestion of
mouldy maize and scabby wheat have been reported in India and China. The
symptom involved nausea, vomiting, abdominal pains, diarrhoea, dizziness and
headache. Deoxynivalenol and zearalenone were detected in the food samples (Bhat
et al., 1990; IARC, 1993a). Ingestion of DON has caused outbreaks of acute human
mycotoxicoses in China, India, and rural Japan (IARC,1993a). The symptoms in
China included nausea, vomiting, abdominal pains, diarrhoea, dizziness and headache.
Nivalenol toxin has been associated with the occurrence of red mould disease in
Japan. The symptoms include anorexia, nausea, vomiting, abdominal pains,
diarrhoea, dizziness, headache and convulsions (Marasas, ef al., 1984). T-2 toxin is
associated with ‘alimentary toxic aleukia’ (ATA), a disease that affected thousands of

people in Siberia and led to the elimination of entire villages (IARC,1993e).

2.7.2 Mycotoxicoses in livestock

Mycotoxins can cause both acute and chronic effects in livestock leading to reduced
production and possible carry over of mycotoxins to the human food chain.
Mycotoxicoses associated with the major ear rot mycotoxins are considered below.
Table 2.5 shows a summary of the common mycotoxins and the syndrome or toxic

effect on livestock.

2.7.2.1 Diplodiatoxin
Diplodiosis is an endemic neuro-mycotoxicosis of domestic ruminants. In South
Africa, it is associated with ruminants grazing on harvested maize in winter

(Kellerman et al., 1985). It is caused by the ingestion of maize infected by the
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common cob rot fungus Stenocarpella maydis (Berk) Sutton. Diplodiosis has been
reported in cattle and sheep (Marasas, 1977). Diplodiosis is often the most common
bovine mycotoxicosis, the symptom progressing from inco-ordination to paralysis and
death (Coker, 1997; Kellerman, 1988). Still birth or death soon after birth has also
been reported in calves and lambs in South Africa (Kellerman ef al., 1991). Culture
material of S. maydis isolated from commercial South Africa maize has been reported

to cause acute toxicity when administered to rats and ducklings (Rabie et al., 1985).

2.7.2.2 Zearalenone

Zearalenone (ZEN) is an oestrogen that causes swine hyper-oestrogenic syndrome,
which is characterized by vulvar and mammary enlargement in immature pigs and
induced uterine hypertrophy. It also causes reduced litter size, feed refusal,

haemorrhage and male infertility (Marasas et al., 1984).

2.7.2.3 Trichothecenes

Deoxynivalenol (DON) has been reported to induce feed refusal, and decreased
weight gain in swine, hens, and rats (Vesonder, 1981; Vesonder ef al., 1976; Forsyth
et al., 1977). T-2 induces immuno-suppressive activity in animals and causes
haemorrhagic disease in animals and is associated with the formation of oral lesions
and neuro-toxic effects in livestock. Vomiting is one of the commonest symptom of
T-2 toxicosis. It has been found to induce vomiting at doses of 0.1-10 mg/kg body

weight in cats, dogs, pigs and duckling (WHO, 1990) as quoted by IARC (1993).

2.7.2.4 Fumonisins
Fumonisins are a group of recently characterized mycotoxins produced by Fusarium

moniliforme. They occurs throughout the world and are frequently found in maize
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(IARC, 1993c). Fumonisin B, (FB,) in maize causes equine leukoencephalomalacia
(ELEM) in horses (Ross e al., 1990; Gelderblom ez al | 1988), an acute neurological
disease of horses and donkeys (Marasas et al., 1988), pulmonary oedema in swine
(Ness ez al., 1991, Lenn et al. 1990, Bill and Lenn 1992, Javed et al., 1993a),
mystery disease of swine (David et al,. 1992) and mortality in chicks and chick
embryos (Javed et al., 1993a; Javed et al., 1993b; Brown et al., 1992 ). ELEM has
been reported in many countries including the USA, Brazil, Egypt, China and South
Africa. In swine it induces anorexia, fever, stillbirths, abortions and /or early
furrowing, mummified foetus, respiratory diseases, delayed or abnormal oestrous

cycle and reduced conception rates (Marasas et al., 1984).

2.7.2.5 Aflatoxins

Aflatoxin poisoning was first reported in England when death occurred to thousands
of turkeys, ducklings and other domestic animals fed on groundnut meal
contaminated with Aspergillus flavus from South America in the 1960’s (Blount,
1961). Animals affected by aflatoxicoses show direct damage to the liver in the form
of centrilobular necrosis, proliferation of bile ducts and fibrosis and haemorrhage in
the intestines. Aflatoxicoses have been reported in England on pigs fed on
groundnuts containing aflatoxin (Loosmore and Herding, 1961) and cattle fed on
aflatoxin in imported cotton seeds (Loosmore ef al., 1964). Aflatoxicoses have also
been reported in cattle in the USA (Clegg and Bryson, 1962) and in India (Gopal et
al., 1968). Death due to aflatoxin has been reported in goats and pigs in South
Africa (Minne et al., 1964), Murrah buffalo in India (Sastry ez al., 1965). Aflatoxin

induces immuno-suppression in livestock (Coker, 1997).
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2.7.2.6 Ochratoxin

Exposure to ochratoxin (OA) seems to occur mainly in wheat and barley growing
areas in temperate zones of the northern hemisphere (IARC,1993b). OA toxin has
the ability to transfer from animal feeds to animal products. This has been
demonstrated by its presence in Europe in pig blood and retail pork (Coker, 1997).
Because of these, there exist regulations for the permitted levels of OA in pork
products. A provisional tolerable weekly intake of OA of 112 ng/kg body weight per
week has been recommended by WHO/FAO joint expert committee on food

additives. The minimum acceptable levels of various mycotoxins is outlined in Table

2.6.
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2.8 Strategies to reduce mycotoxin in contaminated grains

Prevention of mycotoxin contamination in grain involves the combination of those
factors that reduce fungal contamination in the field, as well as prevention of growth
of the moulds during harvest and post harvest handling. Mycotoxin may be reduced
in contaminated grains by the use of various methods. These methods can be
classified as either physical, chemical, or biological. The suitability of the method

depends on the type of mycotoxin, type of grain and the desired product.

2.8.1 Physical methods

Many physical methods of decontaminating grain containing mycotoxins have been
tried with varying degrees of success. The physical methods include density
segregation of contaminated kernels from non-contaminated kernels, in water or
saturated sodium chloride or sucrose solution (Huff and Hagler, 1985) and food
processing such as milling and baking, cleaning or washing, sieving and dehulling.
Although dilution of contaminated grain with clean grain is not a decontamination
method per se it has been used to reduce the toxicity of contaminated feed stuff.
Density segregation, milling, cleaning, and baking does not completely remove DON
and ZEN from flour fractions or whole wheat (Trenholm ez al., 1991). Some of the

physical methods used in decontamination are indicated below.

2.8.1.1 Cooking and processing

Aflatoxin can be reduced by roasting or frying, for a period of up to 30 minutes at
150-200 °C (Lee et al., 1969). This process degrades aflatoxin by 40-85%. Baking
of wheat bread at 90-120 °C degrades aflatoxin by nearly 80% (Reiss et al., 1978).

Other reports indicate that aflatoxins in foods are not readily degradable under
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normal cooking conditions (IARC, 1993d). Cooking of the flour-based products
does not reduce the level of ZEN appreciably in contaminated flour (Scott, 1990).
Baking does not destroy or significantly reduce levels of deoxynivalenol (Bennett and
Richard, 1996). There are no data on the effects of baking on the level of fumonisins
or their transmission into milk and eggs (Norred ef al., 1991).

Fusarium mycotoxins survive processing and tend to concentrate in the products
generally used for animal feeds such as the bran. Wet milling is the major process
used to prepare corn products for human consumption. It has been shown to have a
segregating effects on the levels of zearalenone and fumonisin in the chemically
diverse products resulting from the process. Distribution of zearalenone in products
from wet milling, determined by thin layer chromatography has been found to be in
the order of gluten > milling solubles > fibre > germ. Segregation of the toxins in
different fractions may have serious implications depending on their use. Some
fractions such as the germ may be used for livestock feed and therefore pose a
potential health hazard to the animals. Different fractions (grits, germ, floor)
produced during dry milling of contaminated corn retain much of the characteristics
of the original corn (Bennet and Richard, 1996). Fermentation of maize grains has
been found to be ineffective in reducing fumonisin concentration (Bothast ez al.,
1992). Bennet ef al. (1978) similarly reported that deoxynivalenol, fumonisin and
zearalenone survive most of processing methods and ethanol fermentations, but there
is no carry-over of zearalenone, deoxynivalenol or fumonisin in distilled ethanol. The
carry over of these mycotoxins in recovered solids from fermentation would increase
the potential for animal disorders in the event that they are used as feed. Traditional

fermentations for brewing of corn beer found to have as much as 51% carry over of
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zearalenone into the finished product (Okoye, 1978). Zearalenone has been detected

in Canadian beers (Scott et al., 1993) .

2.8.1.2 Sieving and dehulling

Two physical methods, sieving and dehulling have been reported to reduce the
concentration of deoxynivalenol (DON) and zearalenone (ZEN) toxins in
contaminated barley, wheat corn and rye (Trenholm ez al., 1991). These results have
shown that DON and ZEN toxins are not homogeneously distributed throughout the
fractions of differing particle size in coarsely ground barley, wheat and maize. Higher
concentrations were found in smaller particles, removal of these small particles in
maize reduced DON and ZEN by 73 and 79%, respectively. In the same study, hulls
of barley and wheat were found to have a higher concentration of the two
mycotoxins. Earlier work (Miller ez al., 1985) which agrees with these findings,
showed that chaff of various cereals contaminated with DON had consistently higher
DON concentrations than the inner portions of the kernels. Other studies have
suggested that in cases of relatively moderate infestation in wheat, the degree of
DON and ZEN toxins contamination was usually greatest at the exterior of the
kernels (Lee ef al., 1985). A similar distribution is suspected in other grains as well
(Trenholm et al., 1991). The highest reduction in the concentration of the two toxins

was achieved when both sieving and dehulling were applied.

2.8.1.3 Removal of broken grains and foreign matter
Broken grains and foreign material, such as dust, weed seeds, plant fragments, insect
debris and soil, often become concentrated with grain bulks. Such material may

differ from the grain bulk and be more susceptible to fungal invasion, providing focus
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for hot pockets or invasion of otherwise sound grain by fungi. This may also differ
with ventilation and lead to uneven drying, again increasing the risks of moulding and

perhaps mycotoxin formation (Lacey, 1989).

2.8.2 Chemical methods

There are only a few chemical methods of decontamination of mycotoxins and these
are applicable to aflatoxin decontamination. Some of the patented procedures that
exist include the use of compounds like ammonia, calcium hydroxide, hydrogen
peroxide, methylamine, and a mixture of calcium and methylamine (Coker, 1999).
Ammoniation is the most widely used detoxification process, ammonia is used as
anhydrous vapour and aqueous solution (Park ef al., 1984; Coker, 1999).
Ammoniation has been found to be ineffective for fumonisin B; detoxification

(Kenneth ef al.,1992; Norred et al., 1991).

2.9 Detection of mycotoxins

There are various analytical methods for quantification of mycotoxins in food and
feed stuffs, but the particular method used depends on various factors such as number
of samples to be analyzed, the cost and availability of equipment. Mycotoxin
analyses involve various steps from sample collection and preparation of the samples
for analysis, extraction, filtration, clean-up and detection. Various solvents are used
depending on the method of extraction. Some of the most common solvents are
methanol, acetone and acetonitrile which are often mixed with water in various
proportions depending on the method. The weighed sample is mixed with extraction
solvent and blended (3 or 5 minutes) or shaken in a flask shaker for 40 - 45 minutes

and then filtered. The crude extract is then passed through the cleaned- up stage
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which may involve passing the extract through the clean-up columns. The
effectiveness of chromatographic methods of analysis is largely determined by the
effectiveness of the sample clean-up step (removal of interfering components from
the initial crude sample extract). Among the recently developed methods for cleaning
up of the extract is the solid phase extraction (SPE), which involves the use of liquid
phases bonded on an inert support, contained within a plastic cartridge. A small
volume of the crude sample extract is applied to the SPE cartridge which is then
washed with water. After drying by passage of air, the toxin is eluted with a suitable
solvent. Immuno-affinity cartridges have also been developed for the clean-up of
extracts. The crude extract is passed through the cartridge containing monoclonal
mycotoxin antibodies adsorbed on to an inert support. The mycotoxin is retained and
eluted with a suitable solvent.

The methods used in detection and/or quantification can be put broadly into three
groups; the physicochemical, immunoassay methods and the bioassay. The
physicochemical methods include the traditional thin-layer chromatography (TLC),
high performance liquid chromatography (HPLC), high performance thin-layer
chromatography (HPTLC) and gas-liquid chromatography (GLC).

TLC involves the application of concentrated extracted samples on the base line of a
silica gel coated plate which separate out by solvent migration. The characteristic
fluorescent regions under the UV light are then quantified. The migration data for
mycotoxins are only approximate and usually the sample must be compared to a
reference standard on the same plate. The TLC technique is usually adopted in the
multi-sample analysis to check the presence of mycotoxin before subjecting the

samples to methods specifically designed for the quantitative analysis of the specific
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mycotoxin. The immuno assay systems include radio-immunoassay (RIA), enzyme
linked immuno-assay (ELISA) and immuno-affinity chromatography (IAC). If a
large number of samples are to be analyzed, an automated procedure such as high
performance liquid chromatography (HPLC), high performance thin-layer
chromatography (HPTLC) or enzyme- linked immunosorbent assay (ELISA) are
advantageous (Coker, 1999). The automated procedures provide for handling a large
number of samples, have high degree of accuracy and precision but have the
disadvantage that they bear high capital costs and require skilled analysts.
Immuno-chemical technology has been used in the production of tests kits for the
rapid analysis of samples of food and feeds. Immuno-affinity clean-up cartridges are
used in combination with simple fluorometric devices. IAC is based on competition
of binding sites between toxins and specific antibody-antigen molecules on a solid
matrix and packed in a column. When a sample is passed through the column, the
toxin is bound onto the surface and the rest of the material is eluted using highly
polar solvents. The bound toxin is then estimated using a fluorimeter. The RIA
procedure is based on the competition between a free antigen which could be in the
form of mycotoxin and radioactive labeled antibody to form a soluble reversible
antigen-antibody complex. When a mycotoxin is introduced in the form of un-
labeled antigen, it will compete with the labeled antigen and bind onto the antibody.
The antibody-antigen complex is then used to quantify accurately mycotoxin content
in a given sample. RIA can only be used in central laboratories with access to
sophisticated apparatus and skilled manpower. It also has the health risk element to
operators associated with the exposure to radio-active materials. IAC is highly

sensitive and specific, can be used to carry out large number of samples and requires
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little or no capital outlay. IAC has the other advantage in that, it can be used to clean
up samples for TLC, GLC, or HPLC.

ELISA is based on the use of toxin -enzyme conjugate, linked to an insoluble carrier
surface. The resulting complex is used to detect mycotoxins which are quantified
spectrophotometrically. The advantages of ELISA are higher sensitivity, low cost of
equipment and chemicals, use of non-toxic reagents and no requirement for use of
radio-active reagents. Affinity cartridges are commercially available for the analysis
of mycotoxins B ; B,, G 1, G ; and M, and for the determination of fumonisin B;
ochratoxin A, deoxynivalenol and zearalenone. Immuno-chemical technology has
been applied in development of rapid ELISA methods for a variety of mycotoxins
including the aflatoxins, ochratoxin A, fumonisins, zearalenone, T-2 toxin and
deoxynivalenol. Card tests have also been developed where the antibody is
immobilized within a small indentation on a card similar in size to a credit card. Such
tests have been developed for detecting aflatoxin, zearalenone, ochratoxin A and T-2
toxin in maize. Immuno-chemical methods are relatively expensive and the antibody
is unstable under high temperatures. They have the advantage that they do not
require a highly skilled analyst and are appropriate for the analysis of samples
requiring a quick decision.

Bioassay methods are based on the use of a sensitive biologically indicator.
Sensitivity of the yeast, Kluyveromyces marxianus has been used for detection of a
range of mycotoxins by measurement of retardation of growth rate and measuring the
optical density of the yeast suspension or measurement of the inhibition of the of
galactosidase enzyme by toxins (Dell, 1993; Engler,1996) as quoted by Coker

(1997).
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CHAPTER 3: SURVEY OF FARMERS PERCEPTIONS AND PRACTICES

IN RELATION TO MAIZE EAR ROT

3.1 Background

The survey was carried out in Mbakalo Location in Tongaren Division of Bungoma
District and Kapkangani Location of Kapsabet Division of Nandi District. Both
Districts fall under high potential maize producing areas of Western Kenya.
Tongaren Division has an annual rainfall of 1200-1800 mm. The rainfall is bimodal.
It covers a total area of 375 km® with a population density of 239 persons per sq.
km. There are about 15,000 farm families with an average farm family of eight
members. The altitude ranges from 1540-1837 masl. The area is generally flat with
average slope of 6%. The main agro-ecological zones are as follows, UM ;-2 %,
UM-3 =38% and UM 4 = 60%. The UM-3 in the region is described as the
marginal coffee and maize zone. The first rains start in March, while the second
rains start indistinctly at the beginning of August. The UM-4 is described as the
sunflower and maize zone (Jaetzold and Schmidt, 1983). The two zones normally
have long to very long cropping seasons or are dividable in two variable cropping
seasons. The division is currently divided into four Locations namely Mbakalo,
Tongaren, Naitiri and Soysambu. Each Location has an agricultural extension staff.
The soils in this area are described as sandy clay loams (Ferralsols and Acrisols).
According to the general fertility groups, the soils in this area are classified as low
fertility ( according to the soil list). However this is subject to local differences.
The Division is a settlement area, with people from varied ethnic groups. The
majority of the population is from theLuhya community. Initially the area was

occupied by the European settlers. After independence the farms were sub-divided
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into 15 acre African settlement scheme. Maize is the main enterprise, either grown
as a pure stand or intercropped with beans (Phaseolus vulgaris L). Other crop
enterprises are sunflower, horticulture and sweet potatoes. The current area under
(Long rains 1997) maize was 22,083 ha, Beans 9,550 ha, Sunflower 1,700 ha and
horticulture 469 ha (Table 3.1). There were 15,000 indigenous cattle and 13,500
improved cattle. Other livestock enterprises included sheep and poultry. Both dairy
and oxen were kept for milk and drought power respectively. The Division is
geographically isolated because of the poor roads serving the area. There are no
tarmac roads within the Division and the seasonal roads serving the area are poor.
Kapsabet Division is situated in Nandi District. It has a bimodal rainfall ranging
from1400-2000 mm. The population projection for 1997 based on 1989 census was
121,394. The average family size was 7.5 with 15,835 farm families. The Division
covers an area of 590 km” (59,000 ha). The population density was 205 people/
km’. The altitude ranges between 1400-2100 masl, with a slope average of 6%. The
main Agro-ecological zones are as follows. UM;-30%, UM,.3-5%, LH, - 40%,
LH, -20%, LHj; - 5%. The soils in the area of study are generally considered of
high fertility (Jaetzold and Schmidt, 1982). The surveyed area included areas in LH-
1 and UM-1 (Appendix 3). Previous work at Kapkangani Location in Kapsabet
Division (Otieno ef al., 1997) on adoption of soil improvement technologies
revealed that 100% of the farmers were growing maize. The use of farm yard
manure and inorganic fertilizer (DAP) as soil improvement technologies were

29.1% and 24% respectively.
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Table 3.1. Area covered by different crops long rains 1997 in Kapsabet and

Tongaren
_Crop Crop hecterage in Tongaren Crop Hecterage in Kapsabet
Maize 22,083 12,149
Beans 9550 544
Horticulture 469 94
Sunflower 1700 -
Millet - 99
Forest - 236.5 km?*

Source: Nandi District annual report, 1998
Bungoma District annual report,1998

The two Divisions are net exporters of maize and have a long history of maize
production. Relatively, the areas have more farmers that fall under the medium and
large scale maize producers. Tongaren Division is the leading Division in terms of
maize production in the country.

The purpose of the survey was to obtain base-line data on maize production
practices and constraints in relation to cob rots. This information will help improve
the understanding of farmers’ practices and increase farmers’ perceptions of the
nature of the causal agents of ear rot complex and potential for mycotoxin hazard to
human and livestock consumers. The survey was also to identify agronomic
practices that help to minimize grain contamination in pre- and post harvest
management. This information is important to the overall project, whose aim is to
develop an improved cultivation and storage practices to decrease losses due to cob
rots and conduct research to determine if mycotoxins associated with cob rot fungi
are present at levels that are high enough to present a risk to consumers of maize

flour in the region.

3.2 Methodology
Both individual and group interviews were applied. The enumerators were guided

by a prepared checklist to answer specified questions (Appendix 4). During the
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initial period the interviewers moved in pairs, one asking questions while the other
recorded The extension officer was responsible for organizing the movement within
the villages and introducing the group to the farmers. The language used was
Luhya, Kiswahili and English. There was no problem with communication as all the
farmers interviewed could speak one of the languages. The information collected
was recorded in note books. A meeting of interviewers was held to synthesise
information gathered during the individual interviews followed the evening after the
interviews. Group interviews were done on the last day of the survey in each
Location ( Fig 3.1). All the farmers interviewed individually were gathered and

information collected was discussed and confirmed by the group.

3.3 Results

3.4.1 Crop enterprises

All the (71) farmers in Tongaren and (59) in Kapsabet Divisions ranked maize as
their main crop in replies given to individual interviews. The findings were
confirmed at group meetings in both areas. The ranking of the top 5 crops grown by

the farmers is given in Table 3.2

Table 3.2. Crop enterprises as ranked by farmers in Tongaren and Kapsabet

Divisions
Tongaren Kapsabet

Enterprise Individual rank Group rank Individual rank Group rank
Maize 1 1 1 1
Beans 2 2 2 2
Bananas 4 3 -

Cassava 5 4 - -
Sweetpotato 3 5 - -
Horticulture - - 3 3
Tea - - 4 4
Finger millet - 5 5

- = Crop not grown or ranked among the first five)
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All the farmers interviewed in the two Divistons grew maize on their farms every
year. Maize was grown during the long rains, either as a pure stand or intercropped
with beans. Beans (Phaseolus vulgaris) was confirmed as the second most
important crop to maize in the two study areas. Individual interviews indicated that
60% and 58% of the farmers in Kapsabet and Tongaren Divisions respectively
intercropped all or some of their maize with beans. Group interviews in both areas
indicated that all the farmers preferred to intercrop their maize with beans as this
gave higher returns. Other important crops were identified as sweet potato, cassava,
and bananas in Tongaren Division and horticulture, tea, and finger millet in Kapsabet
Division. Sometime the group rankings did not always confirm individual ranking.
For example, in Tongaren sweet potato was ranked third by individual farmers and
fifth by the group. In such cases greater reliance was generally placed on the
individual replies which were free from peer pressure, especially from influential

farmers or good orators.
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3.3.2 Livestock enterprises

The most important livestock enterprise in the two study areas was cattle. Variable
cattle breeds were kept in both areas, which include exotic, indigenous and crosses.
Some farmers kept local animals mainly oxen for ploughing. Poultry was the second
most important livestock enterprise in the Divisions. All the farmers kept indigenous
chicken. Less than 1% of the farmers had improved chicken, kept for commercial
egg production. The ranking of the livestock enterprises was similar in both areas
under study, (Table 3.3) this was also in agreement with group interviews in the two

areas.

Table 3.3 Livestock enterprises as ranked by farmers in Tongaren and

Kapsabet Divisions

Division Tongaren Kapsabet

Enterprise Individual rank Group rank Individual rank Group rank

Cattle 1 1 1 1
Sheep

Goat
Poultry

Bee keeping

3
4
2

1N e W

wnm N W
N W

- = Crop not grown or ranked among the first five)

3.3.3 Land use

An estimate of the total land area under maize in Tongaren LR 1997, showed that
annual crop land was the most dominant land use type. Maize was the most
important crop grown covering over 50% of the farmers cropped land during the
long rains season. The other crops grown in the area included beans and sunflower.
Perennial crop land was mainly under coffee, bananas and smaller pieces under
cassava. Individual farmer interviews provided data on farm size in response to the
questions. The data was grouped into 5 land size ranges; <5, 6- 11, 11-15, 16-

20, and >20 acres (Table 3.4)
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Table 3.4. Distribution of land size per household in Tongaren and Kapsabet
expressed in percentages

_Land area in acres Tongaren Kapsabet
23 556 T
6-10 13.2 26.3
11-15 44 .4 3.5
16-20 78 14.0
>20 5.6 17.5

The average farm size in Tongaren Division from the survey results was found to be
11.8 acres, but holdings varied widely, ranging from 0.5 acres to 64 acres. This
estimate of average farm size was consistent with the figure of 10 acres per house
hold as given by the group interview. The majority of farms (44.4%) in Tongaren
were found to have sizes in the range of 11-15 acres, but the second most common
holding (28.6%) was less than 5 acres. Tongaren settlement scheme was originally
sold in 15 acre packages, (Section 3.1), survey results strongly indicated a trend
towards smaller farms,

In Kapsabet the land holding was variable, 38.6 % had less than 5 acres and 31.5%

had over 16 acres of land.

3.3.4 Yield and area under maize

In Tongaren Division the average land size per household under maize for the year
1997 was estimated to be 5 acres. The average yield of shelled maize was calculated
based on individual average yield obtained from the farmers interviewed. The yield
was given as an estimate in 90 kg bags. The average yield per acre in Tongaren was
15 bags per acre, but the yield on individual farm ranged from 3 to 30 bags per acre.

The group meeting confirmed that 30 bags per acre was possible under good
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management. The average yield for 71 farmers interviewed in Tongaren is shown in
Fig 3.2.

In Kapsabet the average yield of maize per acre was 15 bags. The lowest and the
highest yields recorded in Kapsabet Division were 2 and 30 bags per acre
respectively. The average area of land under maize cultivation was 3.3 acres. This
was equivalent t019.5 % of the total land holding. The smallest size of maize plot
was 0.5 acres while the biggest was 30 acres. The average holding was 16.9 acres
with the smallest farm size being 1.5 acres and the largest 200 acres. The average
yield as given by the group was 15-20 bags per acre, and the lowest and highest

yields were 5 bags and 30 bags per acre respectively.

Fig 3.2. Distribution of yield to farm households in Tongaren Division
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The results on yield showed that 70% of farmers produced more than 10 bags per
acre (900 kg), with 52% falling within the yield range of 10-15 bags per acre.
Seven percent produced less than S bags per acre (450 kg). Only 4.2 % were able to

obtain yields of over 25 bags per acre.

3.4.0 Production practices

3.4.1 Varieties

Most of the varieties grown in Tongaren and Kapsabet Divisions were the
recommended Kenyan hybrids. A few farmers grew local varieties on small pieces
near the homestead. The common local varieties grown was Namba nane. The
hybrids grown were H614, H625, H626, H512, H511 and H622. The farmers
preference of varieties was similar in both areas of study. The most preferred hybrid
in both areas was H 614. All the farmers interviewed prefer H 614 although for
varying reasons. They all indicated that they grow H 614 or at one time have grown
the variety. The farmers pointed out that they only bought other varieties when
there is no supply of H614. The second and third most preferred varieties were H
625 and H 626 (Table 3.5).

Four farmers in Tongaren Division indicated that the variety H 614 gave better
yields even at low fertilizer levels or low rainfall. This contrasted with their
experiences of H625 and H626 that were considered to be heavy feeders e.g.
require more fertilizers and more rainfall. The group indicated that H 625 had weak
and thin stalks that made the variety susceptible to lodging. Varieties H625 and
H626 were reported to be very tall, making them prone to lodging during periods
strong winds. The farmers reported that H625 produces a single cob but H 614 and

H 626 produce double cobs under good management. Variety H 614 was preferred
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because it was less susceptible to ear rot and weevil damage, but H 625 was
reported to be susceptible to weevil damage. The three varieties H614, H625, H626
were considered to have closed ear tips but H622 has an open ear tip, a factor that
was associated with more rotting because of the cobs accumulating water through
the open tip. Both groups in the two study areas confirmed that, at physiological
maturity, the ears of H614 tend to droop. Ear declination (drooping) was
considered as a positive morphological characteristic that tended to reduce ear rot.
H614 was also preferred because of its high density grains compared to the other
varieties. This was considered as an important attribute in marketing of the grain
based on weight. The Kenya Cereals and Produce Broard which is the major

marketing outlet pays by weight and not volume.

Table 3.5. Maize cultivars grown in Tongaren and Kapsabet Divisions

Cultivars Percentage Tongaren Percentage Kapsabet
H614 56 51
H 625 28 23
H 626 11 10
H 622 1 1
H 511 1 5
Others 4 10

3.4.2 Farmers’ source of seed

Farmers in the two Divisions use certified seed obtained from Kenya farmers
association stores or from local stockists. In Tongaren Division seed was obtained
from stockists at Tongaren and Naitiri markets. In Kapsabet Division the seed was

obtainable from Kapsabet town.
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3.4.3 Land preparation

Data derived from individual farmers and confirmed by group interview indicated
that ploughing period ranged from November to March, depending on the onset of
rainfall. When newly opening the land, ploughing started in November and was
ploughed up to three or four times. Most farmers preferred to plough in November
to allow for the incorporation of stovers in the soil. Incorporation of the stovers in
the soil was considered as a soil improvement strategy rather than a pest or disease
management strategy. Up to three ploughings were common among the farmers
who owned oxen, while two ploughings was practised by farmers who had no oxen
of their own. About 30% of the farmers in Tongaren Division owned oxen for
ploughing their land and offered them for hire after ploughing their land. Tractors
were available for hire but were considered expensive. A majority of farmers in both
areas used oxen for ploughing. The group interview in Tongaren Division pointed
out that it was necessary to plough with a tractor every three years because
continuous ploughing with oxen caused the soil to become shallow and develop a

hard pan resulting in low yields.

3.4.4 Inputs and fertilizer use

The most commonly used fertilizers at planting were Di-ammonium phosphate
(DAP), N:P:K-23:23:0, N:P:K- 20:20:0. Fertilizer was either hand drilled in open
furrows at the rate of 1-2 bags per acre (50kg bag) or applied in hand-made holes.
Farmers who applied fertilizer in holes used less fertilizer -a rate of 1 bag per acre.

A rate of 1.5-2 bags per acre was common with farmers who applied the fertilizer in
furrows. The proportion of farmers using the various fertilizers and the method of

application is shown in Table 3.6. Usually the furrows were opened using oxen at a
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spacing of 75 cm. The most preferred fertilizer in Tongaren was N:P:K-23:23:0. (
Table 3.7) The fertilizer gave better yields than DAP. 70% of the farmers prepared
manure on their farms, but most was used on other crops, mainly vegetables. The
farmers had no specific rates of application of manure. Most of them prepared
manure from stovers and cow dung. Upon harvesting of maize in November they
carried some of the stovers from the field to the cow sheds as feed and bedding for
the animals. Animals fed and trampled on them. The manure was normally ready by
February for planting. Manure was applied in furrows or holes. Later in the season
they applied CAN when maize was knee high, at the rate of 1 bag of 50 kg per acre.
Dipterex (Trichlorphon G) was not routinely applied for stalk borer control, it was
only applied during dry spells early in the growing season when windowing was
observed on the leaves.

All the farmers interviewed used fertilizer on their maize. DAP, manure, compound
N:PK - 23:23:0 and 20: 20:0 were the main fertilizers used at planting maize in the
two areas surveyed. None of the farmers used TSP The amount of fertilizer used
in planting averaged 1.5 bags per acre (50kg bag) in Tongaren. In Kapsabet it was 1
bag per acre. DAP was most preferred in Kapsabet Division while in Tongaren
Division NPK was the most preferred. All the 71 farmers interviewed in Tongaren
used CAN, Urea or both on their maize crop. 46/71 applied CAN, 19/71 Urea and
3/71 used both fertilizers on their maize (Table 3.7) Both the individual and group
interviews revealed that CAN was the most preferred fertilizer on the maize for top
dressing. The amount used averaged 1.5 bags per acre in Tongaren and 1 bag per

acre in Kapsabet.
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There were 44 responses on the methods of application of fertilizer in Tongaren

Division. Three main methods of application, were used, which included application

in holes, Hand drilling and spreading on the farm (Table 3.6).

Table 3.6. Fertilizer application in Tongaren and Kapsabet Divisions

Method of application

Percentage in Tongaren

Percentage in Kapsabet

In holes (DAP, NPK) 20.5 32.7
Drilling (DAP, NPK) 295 57.7
Spreading(Manure) 20.5 1.9
Drilling (Manure) 15.5 5.8
Drilling (manure & DAP or NPK)  13.7 -
Manure in holes - 1.9

Table 3.7. Fertilizer use in Tongaren and Kapsabet Division

Percentage in Tongaren

Percentage in Kapsabet

Type of fertilizer

DAP 28.7 75
Manure 4.4 14
DAP + Manure 10.4 6.9
NPK-23:23:0 21.8 -
NPK-20:20:0 13.9 -
NPK-20:20:0 + Manure 78 -
NPK-23:23:0 + Manure 13.0 -
CAN 62.2 37.5
Urea 35.1 5.6
CAN + Urea 2.7 -
Sulphate of ammonia - 11.1

3.4.5 Planting

The Planting period was from February and March for the main maize crop

depending on the onset of the rains. Some farmers plant small plots of maize in

valley/near streams in December. This maize was sold as green maize or boiled or

roasted in homes. Very little of this maize was harvested dry. The highest acreage

that was observed during the survey for this off season type of maize was 8 acres

and all of it was intended for sale as green maize.
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3.4.6 Weeding
The farmers carried out two weedings during the growing season. The first weeding
was 2-3 weeks after planting. The second weeding was when maize was knee high.

Weeding was done by hand but some farmers used oxen during the second weeding.

3.4.7 Harvesting

Harvesting period started at the end of September and went on to November. The
main harvesting time was in October. The most common method of harvesting was
cutting the maize stalks to the ground followed by hand harvesting within the same
week (Fig 3.3). Most farmers preferred to cut and harvest the same day. The main
problem with this method was, in cases of heavy and continuous rains which may
interfere with the harvesting, more rotting occurs and the maize which is on the
ground is also prone to termite attack. Some farmers practised stooking but this
was not preferred by many farmers because of too much rotting during heavy rains.
Stooked maize looses its white colour and appears yellowish-brown, because of the
discolouration arising from the centre of the cob. The maize was left in the field
until it dried. Although sun drying was practised by a few farmers, it was considered
labour intensive. Only small quantities were sun dried when harvested early in the
season for home use. Maize was carried directly to the stores where the drying
continued for varying periods of time. The stores were well ventilated to allow

further drying.

3.4.8 Storage
Most of the farmers in Tongaren and Kapsabet Divisions had built outside stores for

the storage of maize cobs. These stores were mainly made of wood and covered
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with grass or iron sheets (Fig 3.4). Traditional stores were also common on some
farms. These were either small circular or rectangular (3 m diameter or 3x3 m
square) often not raised from the floor (Fig 3.5). Both types of stores were well
ventilated to allow for good circulation of air for further drying . The Ministry of
Agriculture recommends the width of the stores not to be more than 3 m wide to
allow for easy flow of air through the stored grains to facilitate quick drying. Only a
few of these stores fall under these recommendations. The stores had varying widths
of more than 3 m. Grain storage extension messages are passed to the farmers by
the Ministry of Agriculture extension staff as evidenced by the construction of grain
storage demonstration structures (Cribs) on the some of the farms in the two study
areas. The crib stores (4 x 1.5 m) were raised with rat guards, wooden slat sides and
bases with good aeration, metal roof, good for storing equivalent of 25 to 30 x 90kg
bags (Fig 3.6). The farmers preferred to harvested their maize when completely dry
and transport from the farm directly to the stores. Sun drying was not a common
practice in the two divisions. However a majority of farmers tended to pick out the
very best cobs for home consumption. In this case the cobs would be sun-dried and
stored separately. For the rest of the cobs sun drying was practised when harvested
maize cobs were rained on during the harvesting day. The maize was dried for 1-2
days then stored. Before putting the maize in the stores, the store was cleaned and

actellic (Pirimophos methyl D) applied on the floor and the walls.
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The maize was stored on cobs in outside stores for a varying period of 1-3 months.
The period was dictated by the need to sall for cash. Actellic was not applied on
maize grain meant for immediate sale. However shelled maize grain for storage at
the farm for longer periods was treated against weevils before storage. Most
farmers stored shelled maize inside their houses for future sale or for food. The
maize was stored in stacks on the floor in the houses. Shelling was either done by
hand, hand driven Sheller, or tractor mounted shellers. The latter two were available
for hire.

Store types were coded to determine the types of stores present in the area. Coding
for the type of stores is shown below. The most common storage structure

was RAUI i.e. rectangular, made up of slats on the sides, raised and roofed with iron
sheets (Table 3.8).

Shape: C= Circular, S = Square, R=Rectangular,

Walls: W = Wooven, A = Slats and or wire, M= Mud

Floor: U = Raised up, Raised but covered in mud(filled),G= on ground

Roof: T= Thatch, I = Iron, H = Inside dwelling, C = Crib

Table 3.8. Type of stores in Kapsabet and Tongaren Divisions

Type of store No. of farmers Average capacity (90kg  Percentage of total
bag-shelled)

RAUI 27 135 75

RAFI 2 100 5.6

RAUIM 2 - 5.6

SAUT 2 80 5.6

RAUT 2 100 5.6

CAUI 1 40 2.8
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3.4.9 Drying methods

In Tongaren Division maize was left to dry in the field for 4 weeks after
physiological maturity. The maize was left to dry in situ or was cut and stooked for
further drying (Fig 3.7). The maize was harvested and put directly in the stores
where it was left for further drying. However 12% of the farmers in Tongaren sun-
dried all or some of their maize cobs, citing conditions of high moisture of the cobs
or cobs rained on during harvesting day. There were extreme differences in the two
Locations of Tongaren Divisions, in Tongaren Location (80%) of the farmers
interviewed were found stooking their maize whereas in Mbakalo Location only
10% were stooking their maize. One farmer indicated that sometimes he may
remove the cobs from the store and sun dry for one or two days depending on the
moisture levels in the stores. The time for storage of cobs before shelling was
variable from 14 days to 5 months. Eighty percent of the farmers stored their maize
for 2-3 months. The group interview in Tongaren revealed that early shelling was
possible if there were pressing needs to sell and get cash. Storage for 5 months was
rare. Kernel drying was common among some farmers, in Tongaren Location 50%
of the farmers sun dried their shelled maize for one to two days before bagging.
However sun drying was done when there is no ready market, or when the maize

was intended for longer periods of storage.

3.5 Uses of maize and stovers

Maize was the main source of dietary carbohydrate. Data obtained from individual
interviews and groups showed that maize was ground into floor and made into
“Ugali” that was eaten with vegetables, meat or bean stew. This was the main dish

for the people and may be eaten twice a day for lunch and dinner. The flour was
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also used for making porridge. Maize was mixed with beans and boiled, a dish
commonly referred to as “Githeri” or “Maenjera”’. Green maize was boiled or
roasted. These farmers preferred to keep two bags of shelled maize for every
member of the household per year. This information was confirmed by the extension
officer for the area as the average recommended by the Ministry of Agriculture.
Maize stovers had various uses on the farm but most of it was left in the field to rot
and incorporated into the soil during ploughing. It was a common practice to leave
livestock to graze the stovers in the field after harvest. Only an isolated case of
stover burning in the field was reported. Stovers were sometimes removed from the
field and stored for feeding animals during the dry season. Cases of stovers being
carried from the field as feed and bedding in cattle ‘bomas’ was common. This later
formed manure for use on the farm. Dried stovers were also used as domestic fuel
for cooking in some homes and used in building structures on the farms such as

chicken houses and maize stores (Fig. 3.8)
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3.6 Production constraints

1. High cost of inputs-the prices of fertilizer and seeds was very high while the price
of maize at harvest was low.

2. Timeliness of input availability -farmers reported incidence of shortage of inputs
particularly at the time of planting. Sometimes they had to move long distances to
fetch them. Variety H 614 that was normally in high demand at the time of planting
was often in short supply. The farmers had to move long distances looking for this
variety or have to settle for second choice.

3. Poor marketing - maize was marketed by the Kenya Cereal and Produce
Board,but this was characterised by late payment and low prices

4. Theft on the farm - theft of maize on the farms and even in the stores was
reported to be common.

5. Lack of cash or working capital was generally a problem. When the settlement
schemes were established in mid 1960’s up to early 1980’s credit was made available
through Agricultural Finance Corporation. This facility was no longer available, and
interest rates were high in commercial banks.

6. Rotting of maize was considered to be a serious problem. The farmers indicated
that they have lived with the problem for a very long time. Average rot of 18%
were recorded. Most of the farmers were able to quantify the losses in shelled bags
and the differences exhibited between varieties.

7. Communication in Tongaren was generally poor. There are many feeder roads
but these are poorly maintained and impassable during the rainy season. The farmers
do not have their own transport but have to hire public transport which was not

readily available or expensive. Farmers cannot move their maize to fetch good
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prices. Most of the maize is sold to middiemen who have transport. Kapsabet
Division is served by one main tarmac road traversing the Division making the area
accessible to the nearby big towns. However the feeder roads are not passable
during the wet season.

8. Poor quality seed and fertilizers -the farmers complain that the seed currently
supplied is poor. They complain lack of uniformity within the varieties and generally
low yields of the varieties.

The farmers listed all the constraints to maize production in both areas of study. The
ranking of these constraints were almost similar in both areas. Lack of cash was
considered as the most important constraint in both areas. High costs of inputs such
as cost of land preparation, fertilizer and seed also ranked highly. Marketing was
ranked as an important problem in Tongaren but was not ranked highly in Kapsabet.
Similarly communication and delivery of inputs was not a serious constraint in
Kapsabet Division but were important in Tongaren Division. Ear rot was ranked

seventh overall in both areas (Table 3.9).

Table 3.9. Production constraints as ranked by the farmers

Constraint Rank

Tongaren Kapsabet

Lack of cash

Marketing problems

High costs of inputs
Communications

Poor quality of seed

Delay in delivery of inputs
Rotting of maize

Theft on the farm
Availability of labour
Lack of farm machinery for hire
Land scarcity

Pests
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— 0 W AR IO O -

77



3.7. Common Pests

Weevils were considered to be the most economically important pest, however most
of the farmers used chemicals to control the pest. Actellic (Pirimiphos methyl D)
was widely used and the most preferred chemical for control of weevils (Table 3.10).
This was applied at the rate of 1kg to 40 bags of 90 kg of shelled maize. The
chemical was also applied on cobs during the short term storage before shelling.
Stem borers were considered as serious pests, especially during dry spells early in
the season. The chemical used for the control of stem borer was Dipterex
(Trichlophon G). The recommended rate was 12 kg per hectare.

Table 3.10. Main pests problems as perceived by farmers and control
measures adopted

Pests Farmers’ control measures
Stem borers DDT, Trichlophon, ash, ureca
Weevils (in store) Pirimiphos methyl, Malathion
Locusts None

Birds (Weavers) Scaring

Rodents Trapping

Army worms None

Termites None

3.8 Common diseases

The common diseases reported in the study areas were maize ear rot, maize streak,
smut and stalk rot (Table 3.11). Maize ear rot was the most important disease
problem in the two study areas. In 1995, Tongaren Division experienced a high
incidences of maize ear rot. However in Kapsabet Division, there was no specific
year that ear rot was considered more or less serious. Thirty percent of the farmers

indicated that stalk rot was a problem on their farms, the rest did not recognize it as
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problem or were not aware of it. However during the group interview most of the

farmers indicated that it was a problem.

Table 3.11. Main disease problems as perceived by farmers and control
measures adopted

CDISCASE e Farmer’s control measures
Ear rot Early planting and harvesting, variety
Streak Roguing
Smut Roguing
Stalk rot None

Some of the causes of ear rot cited by the farmers are given below.

1. Heavy rainfall. Rainfall was considered as an important factor influencing ear rot
levels in the field especially during crop maturity and harvesting.

2. Lodging was also associated with heavy rotting of cobs. It was caused by strong
winds but was also considered to be a varietal factor.

3. Mixing of rotten cobs with healthy cobs during harvesting caused cross
contamination. The rotten cobs have high moisture content and if kept together with
the other cobs, spread the rotting within the whole lot.

4. Poor storage of maize cobs also result in high incidence of rotting, such factors
cited included storing of maize at high moisture content, poorly ventilated of the
stores and leaking roofs.

5. Late planting of maize-farmers revealed that late planted maize has a high
incidence of ear rotting than early planted maize.

6. There were varietal differences to ear rot resistance within the recommended
varieties for both areas. The farmers were aware of these differences and pointed out
that, H614 showed less ear rot than H625 and H626, variety H622 was considered

to be the most susceptible.
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7. Poor timing of harvesting - delayed harvesting was associated with high rotting
incidence. Most farmers preferred to stop harvesting and leave the maize in the field
rather than harvest when wet. Wet days are normally avoided so that maize with
high moisture is not carried to the stores.

8. Methods of harvesting - some methods of harvesting were not preferred because
they are associated with high incidence of ear rot, stooking is not preferred
particularly in wet seasons because it encourages ear rot.

9. Pests-particularly insect and bird damage were considered to increase rotting of
maize due to opening at the tips allowing water to accumulate inside the ears. Stalk

borers were also considered to increase ear rot damage.

3.9 Yield losses due to ear rot

Farmers were asked to give yield losses associated with maize ear rot for the last
three years (1994, 1995, 1996) on their farms. The farmers gave the yield of good
maize and rotten maize in bags harvested each year. In Tongaren Division, 83% of
the farmers interviewed gave the yield losses for 1996, 71% could remember the
yield losses for 1995 and only 37% could remember the yield losses of 1994. Yield
losses due to maize ear rot was computed for the three years. The farmers in both
areas determine their yields after shelling but could also make quick estimates from
the number of unshelled bags harvested or number of ox- carts or trailer loads
carried from the field during harvesting. The estimate for yield loss in Tongaren for
1996 averaged 17.4%. The farmers in Tongaren pointed out that they had the
highest losses due to maize ear rot in 1995, the average yield loss for this year was
22.7% and in 1994 was 15.7% (Fig 3.11). The mean yield loss estimated for the

three years in Tongaren was 18.6%. The 1997 estimates for ear rot were perceived
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to be very low, this was at the beginning of the harvesting period. It was generally
dry during the harvesting period and the farmers generally expected the rotting to be
less.

In Kapsabet the yield losses associated with maize ear rot for the years 1996, 1995,
1994 was estimated to be 19.4%, 17.2% and 18.3% respectively (Fig 3.11). The
farmers did not single out a year when the ear rot problem was particularly more
serious. The mean yield loss computed for the three year period was 18.3%. In
Kapsabet division only 9% of the farmers gave the yield losses due ear rot for the
past three years, 57% for the past two and 76% could remember the losses for the

previous season.
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2. Early harvesting tended to minimize losses due to rotting. There was excessive
rotting of the cobs in the field if the harvesting was delayed.

3. Sorting out diseased cobs from clean cobs immediately after harvesting to avoid
cross contamination of the cobs was considered useful in reducing rotting in the
stores.

4. Good storage management. The farmers considered harvesting of cobs when
sufficiently dry or drying before storage, and well-ventilated stores with no leaking
roofs as important in minimizing rotting in the stores.

5. Variety. The farmers preferred H 614 to the rest of the varieties due to less
rotting. It was also considered to be less prone to lodging and has the characteristic
of the ears drooping (declining) when drying in the field. H622 was considered to be
the most susceptible to ear rot.

6. Crop management. The farmers pointed out that good crop management with
good land preparation, weeding, adequate fertilizer, will result in less ear rotting.
The reasons cited were, well-managed crop has strong stalks that are less prone to
lodging and produces big cobs that bend downwards upon maturing which reduces

rotting.

3.12 Uses of rotten cobs

Rotten cobs were used as feed for livestock, especially cattle, in the two study areas.
The rotted maize was either ground shelled or unshelled, mixed with mineral salts
and fed to cattle. This was particularly given to dairy cows during milking. The
farmers who had no animals sold their rotten cobs to other farmers for livestock feed
or for brewing purposes. Rotten maize was used by the local people to prepare local

Gin (Chang’a) which is sold in some homes. In Tongaren, 6% of the farmers used
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the rotten maize for brewing compared to 7% in Kapsabet (Fig 3.12 and 3.13). The
proportion of farmers using rotten maize to feed livestock was 65% in Tongaren and
80% in Kapsabet.

Rotted maize was stored for longer periods and fetched better prices during the
month of May when maize was scarce on the market. Some farmers preferred to
store their rotted maize until May and had separate stores for rotted cobs. The price
of rotten maize during May was found to be twice the price of good maize at harvest
(October). During the survey period in May we found rotten maize being sold at the
local market (Kimilili) by local traders who buy from nearby farms for sale at the
market. The traders revealed that, farmers preferred to store the maize until such
period to get good prices. This maize sold at the market was mainly bought by
Chang’a distillers. The price at this market was Ksh. 34 and Ksh. 45 per Zkg tin
for rotten and good maize respectively. The price for the same at the harvesting
period was Ksh.6 and Ksh. 15 for rotten and good maize respectively. In Tongaren
some farmers sold their rotten maize to local feed manufacturing firm for making

animal feeds.
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3.12 Discussion

Maize was the most important crop both in Tongaren and Kapsabet Divisions. It is
the main source of dietary carbohydrate and main source of income to the
communities living in these areas. Bean (Phaseolus vulgaris) was the second most
important crop, with 60 % of the farmers intercropping maize and beans in the two
Divisions. The hybrid 600 series (Kenya seed company-KARI varieties) were the
most preferred maize cultivars, with more than 90% of the crop in the two districts
surveyed, being planted with the hybrids H614, H625 and H626. The main reasons
for favouring H614 appeared to be its relatively high yielding capacity, without
having much demand for fertilizer. The fact that it was resistant to rotting and
weevils were also regarded as important. Cob rotting was ranked by the farmers as
the most important crop protection problem, although it was ranked seventh as a
production constraint after a number of issues relating to markets and access to
inputs. Stem borers, followed by weevils were ranked as the most important pest
problems.

The two most important livestock enterprises were cattle and poultry. Both dairy
cattle and oxen for ploughing were kept in both areas. Livestock, particularly dairy
cattle were found to consume proportionately large quantities of the rotten maize
produced in these areas. In Kapsabet and Tongaren Divisions 80% and 65% of the
rotten maize produced in these areas was fed to livestock respectively.

The farmers were not aware of the possible risks associated with mycotoxins. Ear
rot fungi are associated with a number of mycotoxicoses that cause human and
animal diseases (Julian et al., 1995). In livestock mycotoxicoses associated with

grain moulds include equine leukoencephalomalacia (ELEM), an acute neurological
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disease of horses and donkeys (Marasas et al., 1988), pulmonary oedema in swine
(Ness e al., 1991, Lenn et al., 1990, Bill and Lenn 1991, Javed et al., 1991),
Mystery disease of swine (David, ez al., 1992) and mortality in chicks and chick
embryos (Javed ef al., 1993a, Javed et al., 1993b).

Rotten maize was used for brewing in both areas, 6 % and 7 % of rotten maize was
used for brewing in Tongaren and Kapsabet respectively. The amount of rotten
maize used for brewing could be higher than this as most of the farmers did not want
to be associated with brewing because brewing in homes is illegal. Although the
local gin made from the brewed maize is less likely to contain mycotoxins, some of
the brew was drunk before distillation, posing a danger of mycotoxin exposure.
Busaa, a popular local beer is made from maize. It is prepared and sold in homes. It
is made from maize of poor quality compared to maize normally used for food in
homes. There are risks of mycotoxins exposure to humans who consume beer made
from rotten grain or flour from contaminated grain. The mycotoxin zearalenone has
been found in beer made from maize and sorghum in Swaziland (Martin, 1974),
West African traditional beers made from corn (Okoye, 1978) and in Canadian beers
(Scot et al.,1993). Based on the studies conducted in Zambia, it was concluded that
grain with more than 2% fungal contamination, on the basis of visual inspection,
should not be consumed by humans or livestock (Marasas et al.,1979).

Although no report on mycotoxicoses in the two areas was available, widespread
mycotoxin contamination has been reported in other parts of Kenya ((Muraguri ez
al., 1982, Ngindu ef al., 1982 and Manwiller, 1987). The highest rate of aflatoxin
exposure in Kenya has been found to be in the Western highlands and central

province (Autrup ef al., 1987). Epidemiological studies in South Africa have
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indicated the relationship between exposure to fumonisin-contaminated corn and
oesophageal cancer in humans (Marasas ef al., 1981).

Farmers in both localities identified various factors or practise that they considered
important in reducing ear rot. These included varieties, general crop management,
harvesting and post harvesting handling. The most important factors were the
nature of the cultivar, particularly the morphological characteristics and the weather
conditions just before harvest. It was very clear that the farmers were aware of the
best varieties in terms of ear rot resistance. Variety H614 was considered to be the
best to ear rot resistance and H 622 was the most susceptible. This information was
very consistent between farms in the two study areas. Hybrid 614 was released
earlier than H625 and H626. The later two have a higher yield potential but H614
still remains the<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>