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ABSTRACT
Aflatoxins are mainly produced by mycotoxigehingi andare a global food safety concern and

human carcinogen. Maize is often contaminated wafthtoxin, making it unfit for human and
animal consumption. Currently, there are inadequasted effective controls for aflatoxin
contamination of maize in Kenya. The objective luf tstudy was to evaluate the efficacy of
fungicide Maxim XL 035 F8 in management o&spergillusspp,Penicillium spp. and-usarium
spp. and aflatoxin contamination of maize. This vdase in vitro, green house and field
conditions. Inin vitro assay, concentrations (0.5ul/ml, 1.0ul/ml, anqulfrdl) of Maxim XL 035
FS® were used, and efficacy determined agatdtavusL-Strain and S-StrairRencilliumspp.
andF. oxysporumsSterile distilled water was used as a controk fungicide (0.1u) was placed
at the centre of the Petri dish and fungicide ur fguadrats equidistantly and incubated at 37°C.
Radial growth of the test pathogens was measui@t filay two to determine the zone of
inhibition. Greenhouse trial, concentrations (0/Byl 1.0pl/ml and 1.5ul/ml) of fungicide was
assessed. Negative control had non treated seddaaaulated soil; while positive controls had
treated seeds and non inoculated soil. Five rapbceach were used. Sampling was done every
two weeks. Shoot wet weight and root wet weightseanused as growth indicators. In the field,
concentrations (0.5ul/ml, 1.0pl/ml and 1.5ul/ml)fohgicide slurry per kg/maize were used on
seeds. Soil and maize debris from previous seaseme wnalyzed for microbial population.
Maize tissues and kernels were sampled 'Bn48 and %' months, at hard dough stage and at
harvest and were analyzed féspergillus spp incidence. Total aflatoxin level in kernels
sampled at harvest was determined by ELISA methbd.incidence oA. flavusS-strain and L-
strain was high in soil and maize debris beforenfohg; while the incidence oA. caeletusA.
tamarii and A. alliaceuswas low. In vitro assay Maxim XL 035 FS had low activity

(mean=11.2mm) againgtspergillusspp. while under green house conditions, the fiidgwas

Xiv



more effective (mean 6.9mm) agairst flavusL strain at lower concentrations of 0.5ul/ml,
while it had no effect on the root and shoot wetght Dressing seeds before planting with
0.5ul/ml per kg of Maxim XL 035 FSresulted insignificant (p< 0.05) decrease in total
aflatoxin levels in kernels sampled at harvest.sTigsulted in a significant decline (40%) in
levels of total aflatoxin in harvested kernels. iimcidence ofAspergillusspp. in soil and
harvested kernels indicates tietpergillusinoculum is widespread in the environment, soil and
kernels in the study area. The fungicide had soifieeteon the fungal population Since Maxim
XL 035 FS had some activity against various mycotoxigeniagfu farmers should be

encouraged to use it as a seed dresser.
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CHAPTER ONE
1.0 INTRODUCTION

1.1 Maize and its role in food security
Maize is an important cereal crop particularlyAfiica where many communities rely on it as

their staple food (Nyoret al, 2007). It is easy to cultivate, and adapts t@iety of ecological
zones. Additionally, it has a variety of uses sashfood, oil and manure (Nyord al, 2007).
Maize production has to be increased for food sgcto be achieved in Kenya. It is the staple
food crop for 96% of Kenya’s population with 125kgr capita consumption providing 40% of
the calorie requirements (Byerlee and Eicher, 1@9#yent trends show that the country is
struggling to achieve self sufficiency in maizethe country is to be self sufficient, domestic
production is required to grow at a rate of 4% (e and Eicher, 1997). Among factors that
reduce vigor and yields is the attack of maizealwariety of organisms such as insects, parasites
and fungi (Bruns, 2003), which results in heightefa@od insecurity and subsequent dependence

on imports (Gok, 2010).

1.2 Fungi as disease causing pathogens
Fungi are some of the soil pathogens which attaekls and seedlings causing wilts, decays and
damping off (Horret al, 2009). Improved agronomic care, rapid storagke@mtrolled storage

practices can reduce mycotoxin levels in food a&sdi$ to non toxic levels (Bruns, 2003).

Majority of fungal species are cosmopolitan anduode all of places because their reproductive

structures, notably spores, are always floatinpénair (Horret al.,, 2009).



Fungi readily colonize several important crops sashmaize and maize derived products,
cottonseed, groundnuts, almonds, dried fig, spipeanuts and tree nuts. This causes a variety of
diseases in plants and degrades plant producengdosses to farmers (Hahal.,2009).

Fungi in the genuAspergilluscomprise one important group which is responsdiitenducing

a variety of diseases in plants. When fungi from genusAspergillusattack humans they cause
diseases collectively referred to as Aspergillogi®rnet al., 2009). The genuéspergillus
contains about 450 species and about 40 of therdesmmed to induce aspergillosis in animals
(Bennet, 2010). Some of the economically imporsp#cies in the genusspergillusincludeA.
flavus, A. parasiticus, A. nomius, fumigatusA. nidulans, A. oryzae, A. tereus and A. tamarii
Aflatoxin production is the consequence of a coratom of species, substrate, and environment
(Bennet, 2010). The factors affecting aflatoxindarction are mainly three: physical, nutritional,
and biological factors. Physical factors includenperature, ph, moisture, light, aeration and
level of atmospheric gases (Ruigi@h al, 2013). Aflatoxins are produced only between
temperatures of 12 and %2, and the optimal temperature is’#5 35C (Ruigianet al, 2013).
Presence of C£and Q influences mold growth and aflatoxin production28% level of CQ

in air depresses aflatoxin production and mouldviing Ruigianet al.,2013).

Negative effects of soil fungi to some extent canrbduced when seeds are dressed with
fungicides and other relevant chemicals such amigation inducers before planting. Seed
treatment prior to planting is an important agroropare practice. This makes them grow fast

and healthy and produce more in the long run (2alw and Malvick, 2009).

1.3 History of aflatoxins
The discovery of aflatoxins began immediately a#ter outbreak of a disease of turkeys of

unknown etiology in England in 1960. The diseases walled Turkey “X” disease and was



eventually attributed to a toxic groundnut meal amed from Brazil (Blount, 1961). From that
point, an extensive effort to find the cause evalhjielucidated that a species of mold, called
Aspergillus flavus was involved and the hepatotoxic products of tmgld, found also as

components in the toxic groundnut meal, were cafétoxins (Richard, 2008).

The finding that the aflatoxins were carcinogeraased concern over their occurrence in human
foods and led to worldwide efforts to determine tékationships of these carcinogens to human
disease and determine their occurrence in humatsfas well as in animal feeds (Turner, 2010).
The findings that the aflatoxins were immunosupgikesresulted in establishing that they were
probable underlying causes to other diseases, ynwgdctious in nature. Subsequent efforts
revealed that aflatoxins can occur preharvest hatkfore the aflatoxins were no longer only a

storage problem (Richard, 2008).

Major crops such as maize kernels, peanuts, caéahsand certain tree nuts were frequently
found to be contaminated. These findings brougtd focus aflatoxin incidences. Aflatoxin

reduction therefore became a large multidiscipyireientific investigation into various aspects
of concern such as eradication, control, analygpgiemiology, and plant pathology as well as
major efforts to determine the nature of animakdse caused by the aflatoxins (D’'mello, 2003).
Present-day investigations with aflatoxins contimuth elimination as a major thrust based on
knowledge of the biosynthetic pathway, geneticsho$t and pathogen, host-parasite-vector

interactions, plant breeding, bio control, and ctelé agronomic practices (Richard, 2008).



1.4 Problem statement

Maize is the main food crop grown in Kenya, therefthe most important staple food for the
majority of Kenyan population. The grain is vuln@eto degradation by mycotoxigenic fungi
including Aspergillus FusariumandPenicillium (Muthomiet al, 2010). It is planted on 90% of

all Kenyan farms (Mbithi and Van, 2000). The totmreage of land under maize in Kenya

currently is 220,010Ha (Ministry of agriculture,1X).

Aflatoxin production is affected by biotic, abigtiand generic parameters. In storage,
development of fungi, especialljspergillus spp, F. oxysporum penicillium spp., is an
unresolved problem exacerbated by the tropical atn which promotes fungal growth.
Aflatoxins are hazardous to animal and human healthcontribute to food losses worldwide.
Aspergillus spp. especiallyA. flavus A. parasiticusand A. nomiusattack crops producing
aflatoxins which cause aflatoxicosis to humans.atsfkins have previously been detected in
maize sampled before harvest and in storage. 0% 2luring the worst known outbreak of
aflatoxicosis in Kenya, 317 cases were reported 828 people died (GOK, 2003). The
minimum level of aflatoxin exposure required to sawflatoxicosis is not known, but children
are mostly predisposed (GOK, 2004). Chronic exposaraflatoxins affects the incidence and
severity of many infectious diseases in both arsnaald humans (Claret al., 2010) Public
health officials sampled maize from the affecteshaaind found concentrations of aflatoxinad
high as 4,400 ppb, which was 220 times greater tin@then Kenyan regulatory threshold of 20
ppb (Onsongo, 2004) and 440 times greater thanctineent regulatory threshold of 10ppb

(KEBS 2007).



1.4.1 Justification of the study
So far there are very few known fungicides fortoolnof Aspergillusspp. that causes aflatoxin

contamination (Onsongo, 2004). MAXIM XL 035 ®8ontains the broad spectrum seed
treatment fungicide fludioxonil as its active indr@ent combined with Mefenoxam. Fludioxonil
belongs to the chemical class of pheylpyrroles, civhhas been derived from a natural

antimycotic compound isolated from a soil bacterium

Maxim XL 035 FS is a fungicide that is less toxic to animals imit®bn soil, does not
accumulate in soil and does not cause skin seastiiz (Syngenta, 2005). Thus this study aimed
at testing the efficacy of Maxim XL 035 BSn Aspergillusspp. and subsequent aflatoxin
contamination of maize. Data generated will contiébto current efforts in identifying viable
options in the management Aspergillusspp. with a view to reducing aflatoxin contamipati

of maize.

1.5 Objectives

1.5.1 General objective
The main objective of this study was to evaluate efficacy of Maxim XL 035 F%as a seed

dresser in the managementAspergillusspecies, and aflatoxin contamination of maize

1.5.2 Specific objectives
To determine the occurrence and diversityAspergillusspp. in soil and maize debris in

Kiboko Research sub-station.

To evaluate the incidence Abpergillusspecies, before and after application of Maxim XL
035 FS'in maize.

To determine the effect of Maxim XL 035 £®n aflatoxin levels of maize kernels at

harvest.



1.6 HYPOTHESIS
Ho: Treatment of maize seeds with Maxim XL 035°R&@ll have no effect on the inoculum

levels of Aspergillusspecies and aflatoxin contamination of harvestethdds, before and after
application of the fungicide.

Ha: Treatment of maize seeds with Maxim XL 035 Rl significantly reduce the inoculum
levels of Aspergillusspecies and aflatoxin contamination of harvestethdds, before and after

application of the fungicide.



CHAPTER TWO
2.0 LITRATURE REVIEW

2.1 Economic importance of maize Kenya
Maize (Zea Mays)is the staple food for most households in Ker@®OK, 2004) and an

important livestock feed both as silage and as ceslue. It is also used industrially for starch
and oil extraction (GOK, 2004). It is mostly proedcby small scale farmers (GOK 2004). It is
an important source of carbohydrate, protein, ikat@min B, minerals. Kenyans consume maize
mainly asugali*, porridge and green maize that is roasted or boBederal parts of the maize
plant including the grain, leaves, stalk, tassetl eob derive an economic value and are used to

produce a large variety of food and non-food prasl(©wuor, 2010).

2.2 Constraints to maize production in Kenya
National maize production levels have been dedirsimce 2006 from an all-time high of over

34 million bags in 2006 to about 25 million bags2@08. This is attributed to factors such as
drought, the post-election violence of 2007/200&] &igh input costs in 2008. In 2009, the
failure of about 35-45 per cent of the long-raingpcled to a huge production shortfall (GOK,

2010).

Constrains to maize production in Kenya includentcwed over-reliance on rain-fed
agriculture; limited agro-processing/value additiorefficient marketing systems; losses due to
pests and diseases; poor handling and high cosfwoaluction due to high cost of inputs
(fertilizer, seeds, and fuel);poor rural infrastire(such as roads/railway, energy, market sheds),
(AATF, 2010); limited access to affordable credécifities; under funding/investment in

Agriculture sector and the global scene that dyemnd indirectly affects maize production in



the country through export bans on cereals by gsarpbuntries which then reduce food volumes

available in world market and lead to high cosingbort goods (Kiome, 2009).

2.3 Mycotoxins in Maize crops
Maize, one of the principal crops grown for humawod and livestock feed, is highly

predisposed to several key mycotoxins (D’mello, 200Although numerous toxic fungal
metabolites can be found in maize, managementdaséd on the few mycotoxins that occur
with greater frequency or are associated with @algily undesirable consequences. These
include aflatoxins mainly produced . flavusand A. parasiticus(Wagacha and Muthomi,
2008; Hell and Mutegi, 2010).

Occurrence of the toxins is affected by climate gedgraphy, but each of these mycotoxins
occurs across a substantial proportion of the maii@aducing areas of the world, sometimes with
serious economic repercussions (D'mello, 2003)sTgtienomenon has raised both awareness
and research opportunities in relation to mycotexmmaize. Effects of mycotoxins on this crop
have been recognized for centuries, yet managewfetiteir occurrence and the associated
outcomes remains costly and inadequate. Most sa@iming at mycotoxin prevention are
essentially disease management practices whosesgimateduce infection of the plants or grain
by toxigenic fungi. Mitigation of mycotoxin problesrtan include tactics for reducing mycotoxin
concentration or simply diverting contaminated graito uses with a greater tolerance for
contamination (Munkvolg 2003a).

! Ugali (also sometimes callesima, sembeor poshg - is a dish of maize flour (cornmeal)
cooked with water to a porridge- or dough-like dstency. It is the most common staple starch

featured in the local cuisines of the eastern AftiGreat Lakes region and Southern Africa



Contamination starts in the field and is exacendbatken crops are damaged by drought or insect
infestation, or when produce comes into contachwsibil and is not properly dried (IFPRI,
2011). Contamination is often unavoidable, and mAfmcan countries, do not regularly test
maize for aflatoxins, leading to the sale and comsion of contaminated and suspect grain
(IFPRI, 2011). In many developing countries, widesg subsistence farming systems, lack of
irrigation, and inadequate drying and storage ita&sl impede the prevention and detection of

aflatoxin in crops (International Food Policy Rasbanstitute, 2011).

2.4 Major groups of mycotoxins and associated fungapecies

2.4.1 Aflatoxin
These are toxins produced Bgpergillusspecies, such aa. flavusandA. parasiticus The

umbrella term aflatoxin refers to many differenpeg of toxins produced including four major
aflatoxins which are B By, G;, and G (Groopman and Wogan, 2011). Aflatoxin, Bhe most
toxic, is a potent carcinogen and has been dirediyelated to adverse health effects, such as
liver cancer, in many animal species (Turaeal, 2009). Aflatoxins are largely associated with
commodities produced in the tropics and subtro@ush as cotton, peanuts, spices, pistachios
maize (Turneet al.,2009), barley, and tree nuts (Lisleral., 1993; Richard and Abbas, 2008).
Other fungi that produce aflatoxins agkealliaceus, A. auricomus, A. fumigatus, A. ockerecA.
pseudotamariandA. niger.

In peanuts, aflatoxins can be produced at bothptee and post- harvest stages (Anon, 2013).
Due to the adverse effects associated with aflat@antamination especially in maize and
peanuts, many countries have strict regulatory robmheasures, especially with regard to
tolerance levels in food and fodder. Many governsiefor example Kenya and Malawi, have

recently scaled up awareness raising campaignsdiagaaflatoxin contamination. In Kenya,



acute cases of aflatoxin outbreaks, mainly fromzendihe staple food) or its products have been
reported (Shepard, 2003). Acute outbreaks in thumtry have overshadowed chronic (and often
sub-clinical) incidences of aflatoxin poisoning, ieth are more pervasive and have adverse
effects on human health (Marassal,, 2008; Wild and Turner 2002). Reporting of tokian
Kenya has also not been systematic and only incetenf high mortality are reported (Ngindu
and Kenya., 1982; Nyikagt al, 2004), as chronic incidences are usually atiedbito other

causes, in addition to there being no monitorirsjesy.

2.4.2 Ochratoxin

Ochratoxins are toxins that come in three secondastabolite forms, A, B, and C. All are
produced byPenicillium andAspergillusspecies (Richard, 2007). The three forms diffethet
Ochratoxin B (OTB) is a non chlorinated form of @aoxin A. Ochratoxin C (OTC) is an ethyl
ester form of Ochratoxin A. Major species that proel ochratoxins aré\. alliaceus, A.
auricomus, A. glaucus, A. melleaisdA. niger. Aspergillus ochraceus found as a contaminant
of a wide range of commodities including beveragesh as beer and wine (Richard, 2007).
Aspergillus carbonariuss the main species found on vine fruit, whicheasles its toxin during
the juice making process. Ochratoxin A (OTA) hasrbdabeled as a carcinogen and a
nephrotoxin, and has been linked to tumors in themdn urinary tract, although research in

humans is limited by confounding factors (Rich&a@Q7).

2.4.3 Citrinin

Citrinins are toxin that were first isolated frdaenicillium citrinum but has been identified in
over a dozen species Benicillium and several species Agpergillus(Howlet, 2008). Some of

these species such &enicillium camemberre used to produce human foodstuffs such as
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cheese whiléspergillus oryzaés used in the production of sake, miso, and sages (Turner,
2004). Citrinin is associated with yellow rice dise in Japan and acts as a nephrotoxin in all
animal species tested (Peramaal, 1999). Although it is associated with many humaadfo
(wheat, rice, corn, barley, oats and rye), its &iinificance for human health is unknown.
Citrinin can also act synergistically with OchratoxA to depress RNA synthesis in urine

kidneys (Fox and Howlet, 2008).

2.4.4 Ergot Alkaloids

Ergot alkaloids are compounds produced as a toxxture of alkaloids in the sclerotia of
species ofClavicepsspp. which are common pathogens of various grassiesp The ingestion

of ergot sclerotia from infected cereals, commoilythe form of bread produced from
contaminated flour, cause ergotism the human desbkesorically known as St. Anthony's Fire
(Turneret al, 2007). There are two forms of ergotism: gangrenaifecting blood supply to
extremities, and convulsive, affecting the centmatvous system (Richard, 2007). Modern
methods of grain cleaning have significantly redlieegotism as a human disease; however it is
still an important veterinary problem. Ergot alkdkhave however been used pharmaceutically

(Turneret al, 2007).

2.4.5 Patulin

Patulin is a toxin produced by tirenicillium expansumAspergillus andPaecilomycegungal
species (Stinsort al, 1978).P. expansunis especially associated with a range of moldytdru
and vegetables, in particular rotting apples agd.flt is destroyed by the fermentation process
and so it is not found in apple beverages, suctides (Stinsoret al, 1978). Although patulin

has not been shown to be carcinogenic, it has bemorted to damage the immune system in
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animals (Turner, 2008). In 2004, the European Conityset limits to the concentrations of
patulin in food products. They currently stand @tyg/kg in all fruit juice concentrations, 25
ug/kg in solid apple products used for direct constiom and at 10g/kg for children's apple

products, including apple juice (WHO, 2003).

2.4.6Fusarium toxins

Fusariumtoxins associated witRusariumspp. are produced by over 50 speciesudarium
and have a history of infecting the grain of depeig cereals such as wheat and maize (Turner,
2008). They include a range of mycotoxins suchuasohisins, which affect the nervous systems
of horses and may cause cancer in rodents; triebettes which are most strongly associated
with chronic and fatal toxic effects in animals ahdmans; and zearalenone which is not
correlated to any fatal toxic effects in animalshamans (Omurtag, 2008). Some of the other
major types ofFusariumtoxins include: beauvercin and enniatins, butelegliequisetin, and

fusarins (Turner, 2008)

2.5 Aflatoxins and aflatoxigenic fungi
A. flavusand A. parasiticushave long been recognized as major contaminantsgainic and

non-organic items (Gourama and Bullerni®®95).A. flavusa common soil fungus, can destroy
a wide range of agricultural products. Some strainA. flavusproduce aflatoxins, which are

carcinogenic toxins that induce liver cancer inolabory animals (Bullermann and Gourama
1995).A. flavus A. parasiticusandA. nomiusshare the ability to produce aflatoxins (Gourama
and Bullerman 1995). Identification of. Alavus species group is mainly based on the color,
macroscopic and microscopic characteristics of fmggus. A. flavus growth and aflatoxin

biosynthesis depend on substrate, moisture, tertypergH, aeration, and competing microflora.

The growth ofA. flavusand aflatoxin production are unavoidable in nat(i®yd, 1995).
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Aflatoxins are considered natural contaminantofifand feed (Lloyd, 1995). The ideal control
approach of aflatoxin contamination is preventidnnmld growth and aflatoxin production

(Hassaret al., 1995).

2.6 Aflatoxin producing Aspergillus species

2.6.1Aspergillusflavus
This is a fungal pathogen, which causes post-hamtsease in cereal grains and legumes

(Shepard, 2003). Post-harvest rot typically develdpring harvest, storage, and/or tranAit.
flavus infections can occur while hosts are still in fiedd (pre-harvest), but often show no
symptoms (dormancy) until post-harvest storage analansport (Payne, 1998). Many strains
produce significant quantities of toxic compound®wWn as aflatoxins, which when consumed
are toxic to mammalsA. flavusis also an opportunistic human and animal pathamersing
aspergillosis in immunocompromised individuals (&ire, 2003). Species within ti#e flavus
group (referring to botlA. flavusandA. parasiticu3 are responsible for producing various types
of aflatoxins (Cotty, 1998)

Aspergillus flavuscan be categorized into the S strain and L stramghe basis of sclerotial
morphology (Donneet al, 2009). On average, S strain isolates produce greptantities of
aflatoxins than do L strain isolates (Machida & G@r010). For example, S-strain isolates of
A. flavusproduce Aflatoxin B1 and B2 (Kurtzmaet al, 1987; Egelet al, 1994). The most
common strains are the S and L strains (Dongteral.,2009). Typical or L strain isolates vary
widely in aflatoxin-producing ability and a sigméint amount of L strain isolates are non-
aflatoxigenic (produce no aflatoxins). The L stragroduces fewer, larger sclerotia and on
average, less aflatoxins (Garber and Cotty 1997¢wall, 2002). S strain isolates, on the other

hand, have a tendency to produce greater quantitissialler sclerotia (average diameter <400
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um) and also produce high levels of aflatoxins. Ndlatoxigenic S strains are rare (Cardwetl,
al., 2002). Within the S strain, some isolates, termedpBoduce only B aflatoxins, while others,

termed Sbg, produce both B and G aflatoxins (Cettyal.,1999).

2.6.2A. parasiticus

Aspergillus parasiticuss a mold known to produce aflatoxin, althoughaists of it that do not
produce this carcinogen exist (Dienetr al, 1987). A. parasiticusproduces the polyketide
mycotoxin aflatoxin (AF), one of the most mutagemied carcinogenic natural compounds
described to date (Bakt al, 2006). The fungus is common to cereal grains aahpts (Bryden,

2009),and also produces the G toxins (Dieaeal., 1987; Klitch and Pitt, 1988).

2.6.3A. nomius

A. nomiusis an aflatoxigenic species phenotipically simtlaA. flavus(Kurtzmanet al 1987).

A. nomiushave only evolved fror. flavusandA. tamari(Kurtzmanet al 1987).A. nomiusare
producers of both B and G aflatoxins but also peedwsterigmatocystin (ST) which is
carcinogenic (Marklindeet al.,2005). TheA. nomiusisolates are good producers of both B and
G aflatoxins and also important producer of aftate in Brazil nuts (Olsert al, 2008).A.

nomiusis morphologically similar té\. flavus(Vaamondeet al.,2003).

2.6.4 OtherAspergillus spp.
A. fumigatusis one of the most ubiquitous of the air bornergglpytic fungi.A. fumigatuss

exceptional among micro-organisms in being bothimary and opportunistic pathogen as well
as a major allergen (Galagat al, 2005). Its conidia production is prolific, and Baman
respiratory tract exposure is almost constantfumigatuss isolated from human habitats and

vegetable compost heap. The interactiorAoffumigatusand other airborne fungi with the
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immune system is increasingly linked to severematland sinusitis (Galagaet al, 2005).A.

terreusalso cause resistant invasive aspergillosis.

Aspergillus nigeiis the causal agent of a crown rot of peanut. fTiln@in impact on agriculture is

in saprophytic degradation of products both befanel after harvest and in production of
mycotoxins. Since members of the genus are moretblesant and xerophilic than most other
fungal genera, they are very common food and feemlagge organisms. Virtually all of the
commonAspergillusspecies have been recovered from agricultural mtsd(Domschet al,
1980; Pitt and Hocking, 2009; Perroeé al, 2007). The ‘koji molds’ Aspergillus oryzae,
Aspergillus sojaeand Aspergillus awamojihave been used for more than a thousand years to
produce a number of Asian foods and beveragesdmgusake and soy sauce (Hataal .,

1992).

2.7 Identification of Aspergillus species
The genudAspergillusis easily identified by its characteristic conplmres but identification of

individual species is difficult. Macro morphologicteatures used in identification include:
mycelia color, conidial color, colony diameter, @ay reverse colour, exudates production and
presence of cleistothecia and sclerotia (Rodrigu2807). On the other hand micro
morphological features used in identification irgu nature of seriation, shape and size of the
conidia vesicle, stipe morphology and presenceutifdells (Maliha, 2008). Morphology of the
cleistothecia and ascospores are other crucial omigrorphological features used in
identification. Identification ofAspergillusspecies is easily achieved by use of taxonomis key

(Rodriqueset al., 2007).
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A. flavus, A. parasiticusnd A. nomius the major producers of aflatoxin can be iderdifie
through various way\. nomiugesemble#\. flavusbut it produces small bullet shaped sclerotia
while A. flavusproduces globose sclerotia. On the other hanparasiticushas phialides only
(uniseriate conidial head) whila. flavushas metulae and phialides (biseriateconidial head)
(Maliha et al., 2008). Conidia ofA. flavuswill have relatively thin walls and the conidiaagie

will vary from spherical to elliptical while conidi of A. parasiticusare more spherical,
echinulate and spinose. One effective way of dgfféatingA. parasiticusfrom A. flavusis to
culture the fungi on Czar Dox Agar. The colonieoflavuswill appear yellow in colour while
those ofA. parasiticusare dark green (ivy green) as reported by (Madihal 2008; Rodrigues

et al, 2007).

2.7.1 Factors affecting occurrence and productionfaflatoxins in maize

Growths of fungus and aflatoxin contamination dre tonsequence of interactions between the
infection and colonization of the substrate, arsbdhe type and amount of aflatoxin produced
by the fungus (Mariret al, 2001). However, a suitable substrate is requioedungal growth
and subsequent toxin production, although the peefactor(s) that initiates toxin formation is
not well understood. Water stress, high-temperagtness, and insect damage of the host plant
are major determining factors in mold infection atwkin production (Munkvold, 2003a).
Similarly, specific crop growth stages, poor fémtil high crop densities, and weed competition
have been associated with increased mold growthtexid production (Munkvold, 2003a).

Aflatoxin formation is also affected by growth dher molds or microbes.

Preharvest aflatoxin contamination of peanuts araizenis favored by high temperatures,

prolonged drought conditions, and high insect &@gtivwhile postharvest production of
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aflatoxins on maize and peanuts is favored by wamperatures and high humidity (Cueso
al., 1991). Occurrence of aflatoxins is influenced dgrtain environmental factors hence the
extent of contamination will vary with geographocétion, agricultural and agronomic practices,
the susceptibility of commodities to fungal infésia during pre harvest, storage and processing

periods (Sangare-Tigoet al, 2006).

Since fungicides are widely used to control cragedses caused by fungi, it is pertinent to assess
efficacy with respect to mycotoxin production (Dltoeet al, 1998). Since fungal infection of
plant products is often preceded by insect damtmgpe is interest in the effectiveness of an
insecticide to reduce infestation, infection andcotgxin production (Browmet al 1995). World
Health Organization (WHO) showed a direct correlatbetween colonization with. flavusand

AFBI (Aflatoxin B1) contamination of maize kernéM/HO, 1995).

2.8 Implications of aflatoxins on human and animahealth
The 1980’s and 1990’s were globally fatal decatteindia, at least 400 people were affected by

eating infected maize and 104 of them died (Medtaad, 1991). 1981, 12 people were also killed
by high intake of aflatoxins in Kenya (Mehan and BMonald, 1991). In Southeast Asia, 19
patients died after eating contaminated rice arglapeontracting jaundice; 17 of them died of
hepatitis, 14 died because of liver failure ande€ause of renal failure (Mehat al.,1991). In
biopsies, high concentrations of aflatoxin were niduin liver, lungs and other organs
(Hendrickse, 1999). It has been well documented tiaonic aflatoxin exposure causes
hepatocellular carcinoma (HCC), generally in asstam with hepatitis B virus (HBV). Maize
contaminated with aflatoxin has been implicatedi@adly epidemics in Kenya majorly in 1981
where there was recorded a major human fatalitynfilekse, 1999). Aflavus S strain is

associated with lethal aflatoxicoses which caukeddeath of more than 125 people in 2004. In

17



Makueni district 2 families also were affected bfla@xin poisoning after consuming

contaminated maize, from which 8 of 12 sick memioged (Ngindu and Kenya 1982).

The 2004 outbreak of acute aflatoxicosis in Kenga wne of the most severe episodes of human
aflatoxin poisoning in history. A total of 317 caseere reported by 20 July 2004, with a case
fatality rate of 39% (Nyikalget. al, 2004; Lewis,et. al.,2005). This epidemic resulted from

ingestion of aflatoxin contaminated maize.

2.8.1 Effects of aflatoxin on human health

The effects of chronic exposure to aflatoxin in iédr are common. However concern still
remains for the possible adverse effects resulfiogy long term exposure to low levels of
aflatoxins in the food supply (Hedlt al, 2008). Evidence of acute aflatoxicosis in humaas h
been reported from many parts of the world, namkl developing countries, like Kenya,
Taiwan, Uganda, India, and many others (The fremdiary, 2013). Aflatoxicosis is
characterized by vomiting, abdominal pain, pulmgneodema, convulsions, coma, and death
with cerebral edema and fatty involvement of theerdj kidneys, and heart (Williamet al.,
2003). Conditions increasing the likelihood of a&cuatflatoxicosis in humans include limited
availability of food, environmental conditions th&vor fungal development in crops and
commodities, and lack of regulatory systems foataftin monitoring and control (Robinseat

al., 1992).

African communities and populations are exposeaflaioxins before birth and throughout their
lives with serious impact on their health (Williamtsal, 2003). Aflatoxins are the most potent
natural carcinogenic substances and they have heked with a higher prevalence of

hepatocellular cancer in Africa (Strosnidgral, 2006). There is a very high risk of Hepatitis B
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and Hepatitis C carriers to develop liver canceemvhumans are exposed to aflatoxin (Williams
et al, 2003). Chronic exposure to aflatoxins has muicter health effects than these rare acute
poisonings (Williamset al, 2004). Aflatoxins have been linked to immunesegsion (Turner
et al, 2005; Jianget al, 2005). Children in areas of high aflatoxin exygreshave been found to

have stunted growth (Gorgg al., 2004).

Aflatoxins have both carcinogenic and hepatotoxitoas, depending on the duration and level
of exposure. The human gastrointestinal tract fapathsorbs aflatoxins after consumption of
contaminated food, and the circulatory system parts the aflatoxins to the liver (Fung and
Clark 2004). From 1 to 3% of ingested aflatoximeversibly bind to proteins and DNA bases to
form adducts such as aflatoxin B1-lysine in albuig8kipper and Tannenbaum 1990) causing
liver toxicity (Tandoret al, 1978).

Ingestion of higher doses of aflatoxin can resultacute aflatoxicosis, which manifests as
hepatotoxicity or, in severe cases, liver failurel @eath (Fung and Clark 2004; Etzel 2002).
Such deaths have been recorded in Kenya yearle shree major outbreak of July 2004 that
resulted into 317 cases of aflatoxins poisoning B2l deaths (Azziz-Baumgartnet al, 2005;
Muture and Ogana, 2005; Muthoetial, 2009; Nyikaet al, 2004). Consequently, many people
are chronically exposed to aflatoxins in their fomad are at risk of serious health problems.
Acute exposure to high levels of aflatoxins carultem liver failure and rapid death. Chronic
exposure, in both humans and animals, exacerbafiestious diseases and can lead to cancer,

liver cirrhosis, weakened immune systems, and stugtowth in children.
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2.8.2 Effects of aflatoxin on animal health

Susceptibility of animals to aflatoxins varies colesably depending on species, age, sex, and
nutrition (Annon, 1989). Aflatoxins cause liver dage, decreased milk and egg production,
recurrent infection as a result of immunity suppi@s, in addition to embryo toxicity in animals
consuming low dietary concentrations (Annon, 198®ile the young of a species are most
susceptible, all ages are affected but in diffecigrees for different species (Groopnearal.,
1994). Clinical signs of aflatoxicosis in animaixlude gastrointestinal dysfunction, reduced
productivity, reduced feed utilization and effiocdggn anemia, and jaundice (Pier and Richard,
1992). Nursing animals may be affected as a resduthe conversion of aflatoxin B1 to the
metabolite aflatoxin M1 excreted in milk of dairgttte (Pier and Richard, 1992). The induction
of cancer by aflatoxins has been extensively studidlatoxin B1, aflatoxin M1, and aflatoxin
G1 have been shown to cause various types of candéferent animal species (Amstrong and
Collopy 1992). However, only aflatoxin Bl is considered twe International Agency for
Research on Cancer (IARC, 1987) as having prodsa#ttient evidence of carcinogenicity in

experimental animals to be identified as a caraimog

2.9 Testing for aflatoxins

Various methods are suggested for testing levetdlatoxin and depend on factors such as cost
effectiveness, precision, and number of samplesgbanalyzed. Equally important is the
sampling strategy as this significantly affects timargin of error in analysis of results
(ICRISAT, 2007). Pascale and Visconti (2008) havenmarized the various methodologies
available for mycotoxin analysis including Thin lemy Chromatography (TLC), Gas
Chromatography (GC), High Performance Liquid Chrtogeaphy (HPLC), Liquid

Chromatography/Mass Spectrometry (LC/MS), Enzymekéd Imunosorbent Assay (ELISA),
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and rapid tests. Enzyme-Linked Imunosorbent Assacquures are the most widely used
serological tests for aflatoxin analysis due toirtr@mplicity, adaptability and sensitivity
(ICRISAT, 2007). Enzyme-Linked Imunosorbent Assagogedures allow for analysis of
multiple samples which is ideal for screening pse® High Performance Liquid
Chromatography has the advantage of being hightgitee and has good selectivity, and is
easily automated. Specialized apparatus is reqfiiredn HPLC separation because of the high
pressures and low tolerances under which the gd@paraccurs. If the results are to be
reproducible, then the conditions of the separatimumst also be reproducible. Thus HPLC
equipment must be of high quality; it is therefergensive. However, this method has a major

challenge due to its high cost, making it unsuédbl routine analysis.

2.9.1 Black light test

Black light test is a quick preliminary test that a visual inspection for the presence of a
greenish gold florescence under a black light. Heweyellow green fluorescence under a black
light does not indicate the presence of aflatoxXirsis, blacklight testing is not considered to be
a reliable method for detecting aflatoxiriee results must be verified by laboratory analysis

(Vincelli et al,1995).

2.9.2 Commercial test kits with immunoassay or ELI8 techniques
These are available for on-site tests for aflatokilimunoassay analysis is based on the detection

of specific proteins found in aflatoxins using aotlies to identify these proteins. The tests are
very specific for aflatoxin, but they require operatraining and practice to be accurate. Some
tests determine only the presence or absenceatbxith; others can quantify, within a range, the
amount of aflatoxin present (ICRISAT, 2007). Ifod 6f maize is rejected based on the results of

an immunoassay test Kit, the results should beicoell by laboratory analysis. It is very
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important that the entire sample is ground befermaving small sub samples for the test kit

(ICRISAT, 2007). Subdivision of samples prior tangling is a major source of error

2.9.3 ELISA Assay procedure
The cytokine ELISA (Enzyme-Linked Immuno Sorbensay) is a specific and highly sensitive

method for quantitative measurements of cytokinestber analytes in solutions. A specific
monoclonal antibody (mAb) able to capture the ciytekof interest is coated on a micro titer
plate. A second mADb, used for detection, bindsfferdint epitope on the cytokine. The detection
mADb is labeled with biotin, which allows subsequdmding of a Streptavidin-conjugated
enzyme. Any unbound reagents are washed away. Aigsirate is added, a color reaction will
develop that is proportional to the amount of cytekbound. The concentration of cytokine is
determined by comparison with a standard curve Witbwn concentrations of cytokine. The
sensitivity of an ELISA depends mainly on the affirof the antibodies and on the amplification
system used. The detection limits for cytokine EAdSre commonly in the lower pictogram/mi

range (AOAC, 1995; Gathumbi, 2001).

2.9.4 Aflatoxin analysis by High Performance LiquidChromatography (HPLC)
Aflatoxins are extracted with dichloromethane:wdid):1 v/v). Gel permeation chromatography

(GPC) using a column packed with Bio-beads S-X3dindloromethane:hexane (3:1v/v) as the
eluent is used for clean-up of extracts prior tpasation and quantification of aflatoxins by
HPLC. The eluent fraction containing the aflatoxiiss concentrated by evaporation under
reduced pressure and the aflatoxins separatedvieyseephase HPLC on the different limits of

detections (LoDS) column (AOAC, 1995).
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2.10 Regulation of aflatoxin contamination of maize

The Food and Drug Administration (FDA) has esti®d an “action level” of 20 ppb for
aflatoxins in maize in the United States of Amer(€®A, 2009). This is the level at which
federal agencies may take action, including seinfitbe maize or prohibition of its sale (Abbas
and Shier, 2009). Further it does not accept maitte 20 ppb or more of aflatoxin unless they
have a known use for the particular level of aftatqAbbas, 2009). In Kenya, the safe limit for
maize and peanuts for total aflatoxin was 20ppb thig has recently changed to 10ppb of total

aflatoxin in peanuts or maize (Kenya Bureau of &éads, 2007).

2.11 Strategies for aflatoxin control and preventio

These strategies can be broadly divided into: ptap the infection process (host plant
resistance, biocontrol); control of environmentadtbrs (temperature, rainfall, relative humidity,
evapotranspiration, soil type) including efforts kaild predictive models; crop management
strategies (good agricultural practices (GAP), famred post-harvest management); post-harvest
strategies (harvesting, drying, storage, use ofntplaxtracts and preservatives) and
decontamination (sorting, processing). Many newatsgies that enhance host plant resistance
against aflatoxin involving biotechnologies are ngeiexplored (Brownet al, 2003). These
approaches involve the design and production ozenglants that reduce the incidence of fungal
infection, restrict the growth of toxigenic fungr prevent toxin accumulation (Browet al,
2003). In the long term, identification of composnthat block aflatoxin biosynthesis would

significantly enhance mycotoxin control.

Field management practices that increase yields asy prevent aflatoxin (Fandohan, 2010).

They include use of resistant varieties, timelynpleg, fertilizer application, weed control, insect
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control and avoiding drought and nutritional str@dell and Mutegi, 2010). Other options to
control aflatoxin producing fungi in the field incle use of atoxigenic fungi to competitively
displace toxigenic fungi, and timely harvest (Hatld Mutegi, 2010). Post-harvest interventions
that reduce mycotoxins are rapid and proper drysugiing, cleaning, drying, smoking, post
harvest insect control, and the use of botanicalsyothetic pesticides as storage protectant
(Fandolan, 2010).Another approach is to reducefrgmguent consumption of ‘high risk’ foods
(especially maize and groundnut) by consuming aenvarried diet, and diversifying into less

risky staples like sorghum and millet (Hetlal 2010).

Chemo-preventive measures that can reduce myecoefkect include daily incorporation of
sodium calcium alumino-silicates into the diets I{Hend Mutegi, 2010). Detoxification of
aflatoxins is often achieved physically (sortingpypical segregation, flotation etc.), chemically
(with calcium hydroxide, ammonia) and microbiolalg by incorporating pro-biotics or lactic
acid bacteria into the diet. There is need forcedfit monitoring and surveillance with cost-
effective sampling and analytical methods. Sustgimublic education and awareness can help

to reduce aflatoxin contamination (Browhal, 2003).

2.11.1 Prevention of mould contamination and growth

Prevention of mould growth during the storage psedacludes elimination of air as quickly as
possible and managing the silo to minimize airltirgfiion into the ensiled mass during storage
and feed out (Adegoke and Letuma, 2013). Rapiohdil harvesting at the correct moisture
level, adequate compaction, covering exposed ssfand rapid feed out will go a long way in
minimizing mould growth and potential mycotoxin tamination in silos. Moisture and

temperature reduction of shelled maize minimizesilchg@rowth. High levels of moisture and
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temperatures, together with damage to kernelsth@enain reasons for the growth of molds in
shelled maize. Mould growth is negligible when neaimoisture content is below 13%

(Heathcote and Hibbert, 1978).

Method of limiting mould growth for maize immedibteafter harvest is by maintaining maize
temperatures as low as possible under some foraeration or maintains maximum ventilation
as possible. Maize immediately after harvest costal2 to 14 percent moisture (Codes
Alimentarius Commission, 2002). Cultural practicesst likely to produce a vigorous maize
crop should be followed and maize should fully megubefore harvesting. If maize is fully
mature, there is less infection and mould growthlevlars are still on the plant (Kabak al,
2006). Damage to kernels should be kept to a mimireyel. Causes of damage include: high-
moisture shelling, high speed operation of Shelteging process, loading and unloading,
equipment and Insect damage in field and in sto(Agkegoke and Letuma, 2013). Caution in
blending lots of maize that differ substantiallyeither quality or moisture content must be used

(Ware, 1998).

2.11.2 Rapid drying

Moisture and temperature influence the growth ofigenic fungi in stored commodities
(Bennet, 2010). Aflatoxin contamination can inceed® fold in a 3-day period, when field
harvested maize is stored with high moisture cdntgtell et al, 2008). The general
recommendation is that harvested commodities shbeldried as quickly as possible to safe
moisture levels of 10 — 13 % for cereals. Achievihg through simple sun-drying under the

high humidity conditions of many parts of Africaddficult. Even, when drying is done in the
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dry season, it is not completed before loading ngranto stores (Mestret al, 2004) and

products can be easily contaminated with aflataxins

2.11.3 Biological control
Another potential means for toxin control is thedantrol of fungal growth in the fieldY(n,

2008). Numerous organisms have been tested foodaall control of pathogens including
bacteria, yeasts, and non toxigenic (atoxigeni@irss of the causal organisméirf et al, 2008)

of which only atoxigenic strains have reached tbmmercial stage. These strains have been
shown to reduce aflatoxin concentration in bothotabory and field trials, reducing toxin
contamination by 70 to 99% (Atehnkeagal, 2008). A mixture of four atoxigenic strainsAf
flavus of Nigerian origin has gained provisional registia (AflaSafé) to determine efficacy in
on-farm tests and candidate strains have beentséltar Kenya and Senegal (Atehnkestaal.,

2008).

2.12 Characteristics of Maxim XL 035 F$
Maxim XL 035 FS is a phenylpyrrole fungicide for the control of deend soil borne diseases

in maize (Syngenta, 2005). Maxim XL 035 %&bntains the broad spectrum seed treatment
fungicide fludioxonil as its active ingredient coimé&d with Mefenoxam. Fludioxonil belongs to
the chemical class of pheylpyrroles, which is dediirom a natural antimycotic compound
isolated from a soil bacterium. It is characteribgdts broad activity and unique mode of action.
It interferes with transport mechanism in fungdlscmteracting at various points in the lifecycle
of the fungus i.e. conidial germination, germ tamel mycelial growth. It is a non-volatile, dust
free formulation which is important for operatofetg and ensures that the treatment remains on

the seed. It has active ingredients that have blkeesified as reduced risk by the Environmental
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Protection Agency (E.P.A.) in the USA meaning ittty pose fewer risks to human health and

the environment than existing alternatives.
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CHAPTER THREE
3.0 MATERIALS AND METHODS

3.1Study area

Field study was conducted at KARI Kiboko Resear@nt@®, whilein vitro and greenhouse
experiments were carried out at the school of Bjiclal Sciences, University of Nairobi. Kiboko
is located in sub-locality, Kiboko locality anddi&7°40°E, 2°21°S in Makueni County with an
altitude of 975m above sea level. Makueni Countydbrs Taita Taveta, Kitui and Machakos
counties (Figure 1). Kiboko Research Centre resebetween 545mm and 629mm of rainfall
coming in two seasons. Long rains are from MarcApal and short rains from November to
December. Temperatures are as high a€ 2furing the day and low (iQ) during the night,
with mean temperatures of 28%and mean annual minimum temperature of 16.5°@.4Fka is
covered by red clay soil, with an average raind&lLOOOmm per annum. The main food crops
grown in the region are maize, beans, pigeon p&as,cow peas. Tomatoes, kales, onions,
brinjals, okra and mangoes are also grown for damesnsumption (GOK, 2006). Kiboko
Research Substation was suitable for the studyuseaaf the previous outbreaks of aflatoxicosis
in the region as well as previous reports on higpytation ofAspergillus flavusS-strain in the

region.

28



Mbumbuni
Ll

.Kampi ya Mawe

MAKUEN

Legend

. Towns

County Boundary
——— District Boundary
Road Class A
Road Class B

Road Class C

Study Area
WIBWEZI District Name 0 § 10 20 30 40
e Kilometers

g
A
/ j
INDIAN OCEAN

SOMAUA

o

Figure 1: Map of Kenya showing Makueni County. Courtesy ofugnsity of

University of Nairobi, Geography Department

29




3.2 Assessment of the efficacy of Maxim XL 035 ESinder in vitro conditions

Various concentrations of Maxim XL 035 #@ere prepared and then tested for their efficacy on
A. flavus(S strain and L strain);. oxysporunmandPenincilliumspp. undein vitro conditions at

the mycology Laboratory at the School of Biologi8aiences, University of Nairobi.

3.2.1 Preparation of different concentrations of Maim XL 035 FS®
Serial dilution was done by dissolving 1ml of Maxih 035 FS’in 9ml of distilled water to get

a stock solution that was diluted by a factor of. terom the stock solution, 0.5ul was obtained
and mixed with distilled water up to the mark ofl1Another 1.0ul was obtained from the stock
solution and mixed with distilled water up to a maf 1ml. Lastly 0.5ul was obtained from the

stock solution and mixed with distilled water up Xml mark in a measuring cylinder. The

concentrations of the fungicide were O0.5ul/ml, 1l and 1.5ul/ml. The different

concentrations were used against each test pathogen

3.2.2 Test pathogens
The test pathogens whose growth period was thrge dareA. flavusS-strain and L-strain,

Penicillium spp. and=. oxysporunused in the study were retrieved from the CultuodieCtion
Centre at the Plant Pathology laboratory at theatepent of Plant Science and Crop Protection,
University of Nairobi.A. flavus S-strain and L-strain were provided by Dr. Bruaaidof USDA
through ICRISAT. The test pathogens were then growrPotato Dextrose Agar (PDA), and
incubated at room temperature (232 for 2-3 days. Cultures of other fungi were dksmated
from soil samples from maize field in Kiboko Res#garSub-station and cultured in the

laboratory on Modified Dichloran Rose Bengal AgsiD(RB).
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3.2.3 Preparation of culture media
The culture media was prepared by dissolving 398aihto Dextrose Agar in one liter distilled

water. The medium was autoclaved for 20 minute2aiC and a pressure of 15 psi, and cooled
in a water bath at 46. To inhibit bacterial growth and ensure the mediuas semi selective for
AspergillussectionFlavi, 5 ml of 4 mgt dichloran (in acetone), 40nigstreptomycin (in 5
distilled water) and 1 mé/chlorotetracycline (in 10fndistilled water) was added to the medium
through a sterile 0.26m syringe filter after cooling to 50. The medium was then poured on to
90 mm Rtri plates aseptically in a lamina flow and allowedsettle and cool down in the lamina
flow to room temperature (28 2'C). The plates were then transferred to the refaige under

aseptic conditions for 2 to 3 days before use.

3.2.4 Testing the efficacy of Maxim XL 035 F%on test pathogens
The Petri dishes were divided into four quadrats thie test pathogens inoculated 2mm from the

edge of the Petri dish on each quadrat. One drdp Bl Maxim XL 035 F&§ was applied from
the serial dilution of 0.5ul/ml ,1.0ul/ml and 1.5pl, one drop at the center of the agar plate
such that it did not spread out from the centee plates were incubated at 37°C for ten days. A
control test was included in the trial. Steriletilsd water was the control. The inhibition zone

(mm) was measured from the second to the tentlusiag a ruler.

3.3 Assessment of the efficacy of Maxim XL 035 ESinder greenhouse conditions

The greenhouse had a constant temperature of A8f€efficacy of different concentration of
Maxim XL 035 FS fungicide (0.5ul/ml, 1.0pl/ml and 1.5ul/ml) was @lgested under green

house conditions, where the experiment took sixkaee
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3.3.1 Preparation of potting soil
Soil was collected from Chiromo forest from a depthup to 10cm. The soil was packed in

polythene bags and transported to the green hdlisgebris was removed by hand sorting and
the soil placed in autoclave and autoclaved witiiraged steam at 12T for 20 minutes at a
pressure of 15 psi. The soil was left to cool feenty four hours and potted in two liter sterile
pots. The soil was then checked for any presendangfal pathogens by inoculation on PDA.
Ten grams of Di-ammonium Phosphate fertilizer wagenh with soil in each pot before
planting.

3.3.2 Preparation of seed dresser and its applicath on maize seeds

Slurry was prepared by making dilutions with distll water to obtain different concentrations.
Hybrid maize seeds of DHO1 cultivar were then &daith Maxim XL 035 F8 at different
concentrations (0.5ul/ml, 1.0ul/ml, 1.5ul/ml of thengicide per kilogram of maize seeds). The
maize seeds were poured on the slurry and mixegdepsoto coat the seeds uniformly. The

coated seeds were shade dried for 30 minutes bedariag.

3.3.3 Preparation of fungal inoculum
Fungal spores oA. flavusL strain and S strains were acquired from sevenati@ypure cultures

previously grown on PDA media and incubated aC3Preparation of cell suspensions, each
isolate was sub cultured at least twice to ensiaiaility. Inoculums suspensions of each isolate
were prepared for each experiment from fresh, reat8+ to 7-day-old) cultures grown at 37°C

on modified Dichloram Rose Bengal Agar plates. Thegal colonies were covered with

approximately 1 ml of sterile distilled water, atie suspensions were made by gently probing
the colony with the tip of a Pasteur pipette. Tégutting mixture was withdrawn and transferred
to a sterile tube. Heavy particles of the suspessivere allowed to settle, and the upper

homogeneous suspensions were used for furthenges$ipore suspension was prepared by
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flooding the plate with 0.05% tween 80 and scramhgonidia with bend Pasteur pipette, with
5ml pipette transferred to glass wool filters ir1lZml centrifuge tube to collect spores and catch
away mycelium. Spinned for 5Sminute at 800rpm/petdliSupernatant was discarded, pipette
spores in sterile water was washed; resuspendnm. Iriton was used to avoid clumping of
spores. Nine micro liters of triton was taken aspgmsion and added to tween 80 (0.05%) since
most fungal spores are hydrophobic, hence the teezhsure that the spores did not stick
together. A haemocytometer was used to count tbees@nd the concentration adjusted to 1 x

10P spores per milliliter of water.

3.3.4 Planting maize and application of fungal inadum
The fungal inoculum was applied to the seeds byngithe inoculum with the seeds. Ten maize

seeds were planted per pot. Control pots were gdiawith non treated maize seeds but soil was
inoculated withAspergillus flavus$ and L strains. The second control entailed treatrof seeds
with Maxim XL 035 FS without inoculating the soil. The pots were armahdgn a completely

randomized design, with each treatment being rafgccfive times (Table 1).

Table 1: Experimental layout and application rate (ml/kgMxim XL 035 FS on maize

Application rate of Maxim XL 035 Fgml/kg)

0.5 1.0 1.5 Positive control Negative control
Pot 19 Pot 5 Pot13 Pot 6 Pot 1

Pot 10 Pot 9 Pot 2 Pot 12 Pot 18

Pot 3 Pot 14 Pot 17 Pot 15 Pot 11

Pot 16 Pot 8 Pot 7 Pot 4 Pot 22

Pot 25 Pot 21 Pot 23 Pot 20 Pot 24

Positive control- Inoculated soil with seeds netated with the fungicide

Negative control- Soil without pathogen fungicidelaseeds not treated
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3.3.5 Growth of maize plants and sampling
The maize plants were grown in the greenhouse atelssity of Nairobi, Chiromo campus. The

maize seedlings were watered after every two daygjua watering can. The experiment lasted
for six weeks. Sampling was done three times, etw@oyweeks after germination. Sampling at
every stage was done both for soil and plant ro&fter two weeks of germination, destructive

sampling was done, and a total of five samples waken for each treatment. The shoot wet

weight and root wet weight were determined as mdics of growth.

3.3.6 Assessment of maize growth parameters
All parameters (wet weight, microbial population time soil and tissues) were checked from

single pots for all treatments and controls by cletep destruction. The pots were chosen
randomly from each treatment and controls. Fives pagre checked and all parameters checked
from each. This included changes in plant growtlet(weight), population of the fungi in the

plant tissue and population of the fungi in thd.soi

3.3.7 Isolation of fungal pathogens
Isolation ofA. flavusL strain and S strains and other fungi present adgaee from plant tissues

and soil samples. Serial dilution of the soil sagsplvas done and the inoculation done in four
replicates. For the plant tissues (roots), foucgseof approximately 1mm long were used per
plate. The colonies were then identified, counted gecorded after 7-10 days. The experiment
was carried out for six weeks. Sampling was donéher?®, 4" and &' week.A. flavusL and S

strains population in the root tissue and soil determined.
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3.4 Assessment of the efficacy of Maxim XL 035 ESinder field conditions

3.4.1 Seed treatment with Maxim XL 035 F%
A slurry of Maxim XL 035 F§ which had an initial concentration of 500g/L waepared at

three concentrations; 50ml, 100ml, 150ml of Maxirh B35 FS per 100kg of seeds. The
dilution was done using distilled water. This cepends to 0.5ul/ml, 1.0ul/ml and 1.5pl/ml of
fungicide per 1kg of maize seeds, respectively. lBmmended dilution of the fungicide is
one part of Maxim XL 035 F5in four to nine parts of distilled water for maeagent of fungi.
The maize seeds were dipped into the fungicideyskmd mixed thoroughly. The seeds were

then placed in a cool dry place and left to drytforty minutes.

3.4.2 Experimental layout and growth of maize
A Complete Randomized Block Design (CRBD) was usdttreby the plots were selected

randomly and treatments on the plots were assigaedbmly. Each plot measured 15m x 20m
and comprised of five rows. There were 16 plothweich treatment being replicated four times
(Table 2). The treatment consisted of seed dressfimgaize seeds with Maxim XL 035 £&t

the concentration of 50ml, 100ml and 150ml per 00k maize seeds. Control plots were
planted with non-treated maize seeds. A total af bwindred maize seeds were planted per plot
Di-ammonia Phosphate (DAP) fertilizer was appli¢dttee rate of ten grams per pit during
sowing. Two guard rows were planted round the ewpmtal plots to limit the external

interference. The maize growth period was six menth
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Table 2 Allocation of treatments (Application rate of MaxXL 035 FS’ per kg maize seed) to

field plots

Application rate (ml/kg maize seed) of Maxim XL 0B5®

0.5 1.0 1.5 Control
Plot 11 Plot 5 Plot 13 Plot 6
PLOTS  piot 10 Plot 9 Plot 2 Plot 12
Plot 3 Plot 14 Plot 1 Plot 15
Plot 16 Plot 8 Plot 7 Plot 4

Control — maize seeds not treated with Maxim XL 658

3.4.3 Sampling of soil and plant material
Sampling of soil and plant materials was done hydoan sampling method where by five

samples were taken from each plot, four samples ftee four corners of the plot and the fifth
sample from the centre of the plot. A composite @amof 500g was taken from each plot. The
samples were mixed thoroughly and transported ¢oL#éiboratory for microbial analysis in a

cool box.

3.4.4 Isolation of fungal pathogens
Isolation ofA. flavus, Penicilliunspp.andF. oxysporum A. caelatus, A. alliaceus, A. tarari

parasiticusand other fungi was carried out using Modified Dachn Rose Bengal Agar (Horn
and Dorner, 1998). The medium was prepared by mikihg glucose, 2.5g peptone, 0.5 g yeast
extract, 1g KHPQO,, 0.5g MgSQ.7H,0, 20 g agar and 25 mg Rose Bengal in 1litre ailldid
water. The final concentration of the ingredientzssvglucose 0.69g/L, peptone 0.17g/L, yeast
extract 0.03g/L, KHPO, 0.07g/Land MgSQ.7H,O 0.03g/L. The pH of this medium was then

adjusted to 5.6 using 0.01M HCI. The medium wa®caved for 20 minutes at 1Z1 and a
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pressure of 15 psi, and cooled in a water batf)&.6lo inhibit bacterial growth and ensure the
medium was semi- selective fAspergillussectionFlavi, 5 ml of 4mgf dichloran (in acetone),
40mgt streptomycin (in 5rh distilled water) and 1 m@/chlortetracycline (in 10 ihdistilled
water) was added to the medium through a sterl® @m syringe filter after cooling to 50°C.
The medium was then poured on to 90mm plates doded to settle for 2 to 3 days at room
temperature before use.

Preparation of samples for plating was performedhmyoughly mixing the 500gram sample.
One sub-sample (10g each) was weighed, mixed apddstde for use. From the 10g ground
samples, 3 replicates of 1.0 g each were placedlibrated centrifuge tubes, into which 1@ m
of 2 per cent distilled water was then added anxkchthoroughly. A volume of 0.1énof the
solution was then pipetted onto Modified Dichlof@nse Bengal medium in the 90mm Petri-
plates under aseptic conditions. The plates wemebiated for three days at 87 after which the
colonies were identified and classified. Total eglaounts and colony counts fér flavusL-
strain, A. flavusS-strain,A. parasiticus A. alliaceus A. tamarii, A. niger, F. oxysporunand

Penicilliumspecies per plate were recorded.

37



Figure 2: Reference cultures of varioBspergillusspecies on Modified Dichloram
Rose Bengal Agar.

(A) A. flavusL-Strain; (B)A. flavusS-Strain; (C)A. caelatus(D) A. tamarit (E) A. alliaceus
(F) A. parasiticuscultures. Reference cultures were provided coyé®r. Bruce Horn (USDA
Natural Peanut Research Laboratory, Dawson, Gedo@a) and were used to assist in

identification of isolated fungi ikspergillussectionFlavi.
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3.4.5 Sampling of maize grains at harvest
Grain samples were taken from crops growing infilllel at harvesting stage. This is a period

when the leaves and the kernels of the plant ang diy. A maximum of five maize samples

were taken from each plot weighing 500g each. Rangampling was done where by samples
were taken from each of the four corners of plotd ane sample taken from the center of the
plot. The five samples were then mixed thorougblynake a composite sample from which the

test samples were drawn each weighing 1g.

3.4.6 Determination of aflatoxin level in maize gren
1.0g sub-sample was drawn from each 100g samplegemehd into a fine powder using a

grinder. The ground sample was then sub-divided tato equal portions. The powder was
triturated in 70 per cent methanol (v/iv 70 ml abs®lmethanol in 30 ml distilled water)
containing 0.5 per cent w/v potassium chloride islender, until thoroughly mixed. The extract
was transferred to a conical flask and shaken®amB at 300 rpm. The extract was then filtered
through Whatman No.41 filter paper and diluted liii@hosphate buffered saline containing
500ut/t Tween-20 (PBS-Tween) and analyzed for aflatoxitnan indirect competitive ELISA

kit. The aflatoxin quantities in every sample wtren recorded (Gathumbi, 2001).

3.5 Statistical analyses
In order to determine the efficacy of Maxim XL 085" at different concentrations, samples

were grouped into experimental environmeliits vitro, greenhouse, and field), different
concentrations of Maxim XL 035 ESand controls. For each concentration of the fuidgic
(0.5ul/ml, 1.0pl/ml, 1.5pl/ml fungicide per 1kg ma), the mean in each category was
calculated, the actual colony counts converted @ftJ/g substrate and plotted against different
concentrations of the fungicide to obtain frequemntigtribution histograms. To test if the

resulting frequency distributions were similar @iferent concentrations, the data was subjected
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to t-test and analysis of variance (generalizegainmodel-GLM). Goodness of fit for the
probability distribution models was assessed byyaisof deviance using GenStallddition.

To identify factors associated with different leve@f aflatoxin the samples were grouped into
various different treatments. Categorical dataysiglby means of contingency tables was used

to assess for association between different coratémts of the fungicide and aflatoxin levels.
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CHAPTER FOUR
4.0 RESULTS

4.1Efficacy of Maxim XL 035 FS’ under in vitro conditions
Different application rates of Maxim XL 035 £Sesulted in significantly 0.05) different

mean inhibition zones (Figure 5). The fungicideantration of 0.5ml/ml resulted in the highest
inhibition zone (Mean = 18.65mm), followed by 1.0pl (Mean = 16.25mm) while

concentration of 1.5ul/ml resulted in the lowestildition zone (Mean = 11.64mm).

Mean diameter of inhibition zone (mm)

0.5 1.0 15 Control

Fungicide application rate (ul/ml)

Figure 3: Mean diameter of inhibition zone (mm) at differenhcentrations (ul/ml) of Maxim
XL 035 F&
Bars accompanied by similar letters are not sigaiftly different (R0.05).

Error bars indicate the standardreof the means.
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4.1.1 Effect of Maxim XL 035 F$ on selected fungal pathogens

There was a significant £8.05) association between the effect of differasmoentrations of
Maxim XL 035 FS and the four test pathogens (Figure 6). The effédflaxim XL 035 F$
washighest onPenicillium spp. which had a 19.22mm mean zone of inhibitmiofved byF.
oxysporum(18.76mm) while the fungicide had a lower effectAarflavusS-strain andh. flavus

L-strain with means of 12.40mm and 11.98mm, resypsgt

25 -+

A A
20 -
AB
15 -
B B

10

5

0 T T 1

A. flavus( S strain)  A. flavus( L strain) Penicillium spp. F. oxysporum Control

Mean diameter of inhibition zone (mm)

Fungal pathogens

Figure 4. Mean diameter of inhibition zone (mm) of differéest pathogens

Bars accompanied by similar letters are rgptiicantly different (<0.05).

Error bars indicate the standardr of the means
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There was a significant £0.05) association between the diameter of inhibiione and days of

incubation (Table 3). Generally, the zone of intin decreased linearly with increase in the
number of days. From the second day to the tenghittta mean diameter kept on reducing for
the all test pathogens. The mean zone of inhibitdenreased from 21.59mm (day two) to
18.93mm (day three), 17.04mm (day four), 14.69may (five), 13.09mm (day six), 12.40mm

(day seven), 12.09mm (day eight), 11.91mm (day)ramel 11.98mm (day ten). In the first six
days of incubation, there was a significant diffexe in the diameter of zone of inhibition while

the differences in inhibition zone during the lagd days were not significant.

= A. flavus S-strain
= A. flavus L-strain
Penicillium spp.
F. oxysporum
Control

30 A

—_—

T 1

20 A

15 -

Diameter of inhibition zone (mm)

2 3 4 5 6 7 8 9 10
Incubation period (Days)

Figure 5: Diameter of inhibition zone (mm) of four test pagjens over a period of ten days.

Error bars indicate the standard error of the méansach of the sampling period.
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Table 3: Inhibition zone (mm) of Maxim XL 035 FSonA. flavus(L strain and S strainsf},. oxysporunmandPenicilliumspp. for a

Period of ten days

Test pathogen Fungicide Incubation period (days) Mean

concentration 2 3 4 5 6 7 8 9 10
(ul/ml)

A. flavus 0.5 18.3 175 16.7 131 124 120 119 115 104 .813

(S-strain) 1.0 16.7 16.3 14.8 10.3 9.0 8.9 8.5 84 .2 811.2
15 18.7 13.6 125 120 85 8.0 8.0 7.8 .6 710.7
Control 13.0 128 114 83 8.1 7.4 7.0 7.0 6.4 9.0
Mean 16.7 151 139 109 95 9.1 8.9 8.7 82 11.2

A. flavus 0.5 20.3 184 17.8 151 143 140 140 137 13.1.615

(L-strain) 1.0 20.0 199 158 13.7 10.7 9.6 9.6 9.6 7 8.13.1
1.5 19.7 154 153 13.4 10.8 9.4 9.3 9.2 1 8.12.3
Control 15.0 145 134 120 103 8.1 104 7.9 6.4 10.9
Mean 15.0 134 122 106 9.0 8.3 8.2 8.1 7.5 10.3

Penicillium 0.5 30.0 29.8 26.6 25.7 231 220 20,0 20.0 185.024

spp. 1.0 30.0 22.7 213 20.2 16.6 16.0 16.0 15.8 15.5.319
1.5 30.0 135 132 105 84 7.9 7.7 7.7 68 117
Control 300 300 270 173 161 151 150 150 144 20.0
Mean 30.0 240 220 184 16.1 265 147 146 13.8 20.0

F. oxysporum 0.5 28.7 27.3 229 205 19.7 18.8 179 177 177 221
1.0 28.0 26.1 22.6 21.1 198 19.0 188 186 183 421
15 17.0 148 119 118 109 101 10.0 10.0 9.7 11.8
Control 25.0 246 229 221 21.0 200 197 186 283 225
Mean 17.0 148 119 118 109 101 100 10.0 9.7 11.8

LSD (P<0.05) 2.93 3.65 1.952.03 1.05 2.98 346 972 154 1.63
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The mean inhibition zones of different test pathmegearied greatly at different fungicide
concentrations (Figure 8). The lowest (mean=11.2mikipition zone was observed dnflavus
S-strain while the highest was observed on oxysporum(mean=11.9mm) at the lowest
fungicide concentration (0.5ul/ml). At the concation of 1.0 and 1.5ul/ml, the lowest
inhibition zone was observed iA. flavus S-strain while the highest was observed fn

oxysporum
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30 1

B 0.5ul/ml

B 1.0ul/ml

251 21.5ul/ml A

E Control A

A. flavus L-strain A. flavus S-strain  Penicillium spp. F. oxysporum

Figure 6: Mean diameter of inhibition zone (mm) of four furff@FU/g) tested against
different Concentrations of Maxim XL 035 &S

Bars accompanied by simil#éiels for each test pathogen are not significantly
different @.05).

Error bars indicate the standard error of means.

4.2 Efficacy of Maxim XL 035 FS’ under greenhouse conditions

4.2.1 Effect of Maxim XL 035 F$ on shoot and root wet weight

Different application rates of Maxim XL 035 £Sesulted in significantly @0.05) different

mean wet weights of maize seedlings (Figure 9).lidapon rate of 0.5ul/kg resulted in the
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highest mean wet weight (mean=6.99), followed by #pplication rate of 1.0ul/kg (mean=
4.799g) while application rate of 1.5ul/kg resultadhe lowest mean wet weight of 4.36g. There
was no significant association®.05) between the effect of different concentragioh Maxim

XL 035 FS and the positive control.
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Figure 7: Mean wet weight (shoot and root) of the maize segsllat different fungicide
application rates.
Positive control — Inoculated witingi but the seeds were not treated with Maxim
XL 035 %S
Negative control — No inoculatiofttwfungi, no application of Maxim XL 035 ES
Bars accompanied by similar letemes not significantly different ¢9.05).

Error bars indicate the standardrasf the means.

In the fourth and fifth week after germinationg tehoot wet weights were higher than in the

third week of germination (Table 4). The shoot wetights of the controls were higher than
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those of different fungicide application rates willie negative control having the highest

(mean=2.88Q).

Different application rates of Maxim XL 035 £&lsoresulted in significantly (£0.05) different
root wet weight (Table 4). Application rate of Oldg resulted in the highest root wet weight
(Mean=3.62g) while that of 1.5ul/kg had a mean gl Application rate of 1.0pl/kg had the

lowest root wet weight (Mean=1.01g).

The total wet weights after the third and fourthewevere significantly different §9.05), while
similar weights determined at the fourth and fifthek after germination were not significantly
different. The mean total wet weight for the thifolyurth and fifth weeks were 4.57g, 8.52g and

9.99¢, respectively.
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Table 4. Shoot and root wet weight (g) of maize seedlingated with different concentrations

of Maxim XL 035 F$ and sampled three, four and five weeks after pignt

Fungicide Shoot wet weight Root wet weight Total wet weight
application rate (9) (9) (9)
(ul/ml)

a) Three weeks after planting
0.5 1.27 3.62 4.89
1.0 1.97 1.01 2.98
1.5 0.95 1.62 2.57
Positive control 5.10 1.82 6.92
Negative control 2.61 2.88 5.49
Mean 2.38 2.19 4.57

b) Four weeks after planting
0.5 3.01 4.52 7.53
1.0 2.26 2.61 4.87
15 2.92 1.89 4.81
Positive control 3.90 134 17.3
Negative control 3.64 4.44 8.08
Mean 3.15 5.37 8.52

c) Five weeks after planting
0.5 3.40 4.88 8.28
1.0 3.30 3.21 6.51
15 3.70 2.01 5.71
Positive control 4.01 5.01 9.02
Negative control 4.01 6.44 10.45
Mean 3.68 6.31 9.99
LSD (P<0.05) 0.65 0.32 0.12

Positive control — Inoculated with fungi but theeds not treated with Maxim XL 035 £S

Negative control — No inoculation with fungi, nopdipation of Maxim XL 035 F$

4.2.2 Effect of Maxim XL 035 F$ on the population of selected fungal pathogens

Maxim XL 035 FS had a significant (£0.05) effect on different fungal pathogens (Table5
flavus L-strain had the highest isolation incidence thweeeks after planting (mean=40.0
CFU/qg), whilepenicilliumspp. had the lowest (mean=31.0 CFU/g). The pojpulaif other non-

inoculated fungi was 28.0CFU/g. At different grovstiages, however, the incidences of different
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fungal pathogens were not significantly differeRt@.05). A pattern was noted whereby, the
incidence of fungal pathogens decreased with tbgrpss in growth stages.
Table 5: Incidence (CFU/g) of fungal pathogens in soil skedt various growth stages from

pots planted with maize seeds dressed with differencentrations of Maxim XL 035 £S

Fungicide application A. flavus Penicilliumspp. F. oxysporum Otherg
rate (1I/kg) (L-strain)

a) Three weeks after planting

0.5 3 36 31 29
1.0 59 36 44 29
1.5 40 29 43 37
Positive control 34 28 46 24
Negative control 36 24 29 21
Mean 40 31 39 28
b) Four weeks after planting

0.5 52 38 28 29
1.0 60 34 36 21
15 46 39 36 33
Positive control 34 42 25 24
Negative control 36 37 28 24
Mean 46 36 31 26
c) Five weeks after planting

0.5 37 29 34 29
1.0 34 27 29 29
15 42 38 36 34
Positive control 36 25 24 27
Negative control 33 25 24 23
Mean 36 29 34 28

LSD (P<0.05) 9.94 6.95 7.92 3.58

 Fungi which had not been inoculated in the soil.

Positive control — Inoculated with fungi but theede were not treated with Maxim XL 035%S

Negative control — No inoculation with fungi, noplipation of Maxim XL 035 FS.

Different application rates of Maxim XL 035 £Sesulted in significantly (€0.05) different

mean incidence of the test pathogens (Figure AOjlavusL-strain had the highest re-isolation
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incidence (mean=47.3CFU/g) at the application t®.5ul/ml while F. oxysporumhad the
lowest incidence (mean=34.3CFU/qg) at the same @ rateA. flavusL- strain showed the
highest re-isolation incidence at all the applmatrates, while the re-isolation pknicillium
spp. andr. oxysporunvaried at different application rates.

Overall, at 0.5ul/ml concentration, the re-isolaticncidence was lower for most fungal
pathogens compared to the rest of the concentgtigrile at higher fungicide concentrations,

the incidence of fungal pathogens was higher.
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Figure 8: Incidence (CFU/g soil) of different fungal speciesoil where maize seedlings were
grown after treatment with variousicentrations of Maxim XL 035 ESunder

green house conditions

Positive control — Inoculated witmgi but the seeds not treated with Maxim XL 035
%S

Negative control — No inoculatiortivfungi, no application of Maxim XL 035 ES
Bars accompanied by similar letferseach application rate are not significantly

different (£0.05).

Error bars indicate the standardresf the means.
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At application rate of 0.5ul/ml, the isolation idence of the fungi was lower compared to the
rest of the concentrations four weeks after plantilowever, five weeks after plantidg flavus
L-strain exhibited less response to the fungicidegared to the other fungal pathogens (Table
6).

At four weeks after planting, the highest re-isolatincidence of the test pathogens was
recorded in seedlings treated with 1.0ul/ml furdgciwhile 0.5ul/ml resulted in the lowest
fungal incidence (Table 6). Five weeks after plagtihowever showed a different trend
whereby, treatment of seeds with a concentratio®.6fil/ml resulted in the highest fungal

incidence, while 1.0ul/ml resulted in the lowestidence.

Table 6: Population (CFU/qg) of fungal pathogens isolatesfiseedlings sampled at different

growth stages of maize treated with Maxim XL 035 BSvarious concentrations

Fungicide application rate A. flavus Penicillium F. oxysporum Others
(pl/ml) L-strain spp.
a) Four weeks after planting
0.5 26 29 23 34
1.0 41 36 28 39
15 34 29 23 38
Positive control 31 39 22 29
Negative control 34 27 20 26
Mean 33 32 23 33
b)Five weeks after planting
0.5 40 41 23 29
1.0 27 23 21 29
15 32 38 24 28
Positive control 28 40 25 33
Negative control 36 39 26 23
Mean 33 36 24 30
LSD (P<0.05) 9.94 6.95 7.92 3.58

Positive control — Inoculated with fungi but treeds were not treated with Maxim XL 035
Negative control — No inoculation with fungi, nppdication of Maxim XL 035 F$,.
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4.3 Maize cropunder field conditions
Figure 11 shows the maize crop at different grosttiges at KARI Kiboko Research Substation.

The crop had been planted on a quarter an acreéhandeighboring crops were legumes. The
maize crop was grown under irrigation. The maizepchad been planted with different
concentrations of Maxim XL 035 ESungicide. The fungicide had no effect on the gitowand
vigor of the crops, as all the maize plant grewhatsame rate regardless of the dressing of seeds

or not.
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Figure 9: The maize crop at KARI Kiboko Research Substatiaiféerent growth stages.

(A) Maize crop three months after planting whichrksathe onset of flowering; (B)
Maize crop at advanced flowering stage; (C and @)zl crop during hard dough stage,

four months after planting.

4.3.1 Population of fungi in maize debris
Figure 12 shows the incidence of various fungahpgéns in maize debris sampled before

planting. Aspergillus flavusS-strain was the most commonly isolated fungi (88.%vith A.

flavus L-strain, A. caeletusandA. alliaceusalso being isolated in high incidence. Other funga
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species commonly isolated from maize debris beshigsergillus spp. wereFusarium and

Penicillium spp.Aspergillus parasiticusvas isolated from less than 20% of the maize debri

PEN OTHERS
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Fungal pathogens

Figure 10: Incidence (CFU/g substrate ¥)®f fungal pathogens isolated from maize debris
sampled before planting of theza crop at Kiboko Research Substation.
Bars accompanied by similardittare not significantly different{B.05).
Error bars indicate the standardr of means.

AFL — A. flavusL-strain, AFS -A. flavusS-strain, AC -A. caelatusAA — A. alliaceus AT —A.
tamarii, AP —A. parasiticus FUS —Fusariumspp., PEN Penicillium spp.

4.3.2 Population of fungi in soil
The population of the fungal pathogens in soil sbdva significant difference {©.05) at

different growth stages (Figure 13). There wasisgantly (P<0.05) higher population of fungal
pathogens at three months after planting, whilehathard dough stage, the fungal population
was statistically equivalent to population in ssélmpled at harvest. The incidence of fungal

pathogens before planting was the lowest.
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Figure1l: Mean population of fungal pathogens (CFU/g sol%&ampled at different growth

Stages of maize at Kiboko Research Sub-station

Bars accompanied by similardittare not significantly different{B.05).

Error bars indicate the staddemror of means.

56



Table 7 Incidence (CFU/g soil xIpof fungal pathogens isolated from soil sampledifi¢rent

growth stages of maize grown after treatment withous concentrations of Maxim XL 035 &S

Fungicide application rate AFL AFS AC AA AT FUS PEN Others

(ul/ml) spp.  spp.
a) Before planting
0.5 53 70 37 37 49 37 30 48
1.0 39 58 41 37 39 30 24 40
1.5 40 56 35 34 37 21 24 44
Control 21 55 34 33 34 28 28 49
Mean 38 60 37 35 40 27 22 43
b) Three months after planting
0.5 62 60 49 31 34 23 22 44
1.0 42 63 38 31 47 20 20 44
15 40 68 28 30 24 34 20 37
Control 41 39 26 31 25 23 31 46
Mean 46 50 35 31 33 25 24 43
c) Hard dough stage
0.5 39 82 24 24 21 49 49 21
1.0 37 56 21 26 27 50 47 48
15 37 32 44 23 28 40 60 39
Control 37 66 44 34 29 45 55 37
Mean 38 59 33 32 26 46 53 36
d) At harvest
0.5 38 91 29 33 28 51 41 29
1.0 25 9 21 34 27 62 41 40
15 29 49 37 42 28 38 58 34
Control 34 58 34 38 28 30 34 34
Mean 32 74 26 37 28 43 44 34
LSD (P<0.05) 6.02 T7.26.46 598 5.09 7.62 879 8.06

AFL — A. flavusL-strain, AFS -A. flavusS-strain, AC -A. caelatusAA — A. alliaceus AT —A.
tamarii, AP —A. parasiticus FUS —Fusariumspp., PEN Penicillium spp.
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There were significant €0.05) differences in the isolation incidence ofdahpathogensA.
flavus S-strain was the most frequently isolated speci48x1d CFU/g soil) followed byA.
alliaceusat 29x18 CFU/g, whileA. tamariiwas the least frequently isolated (Figure 14).eDth

fungal pathogens isolated from soil includadgsariumspp. andPenicilliumspp.
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Figure 12 Incidence of fungal pathogens (CFU/g soil) in beifore planting at Kiboko
Research Substation.
Error bars indicate the standardr of means.

Bars accompanied by similar ksti@re not significantly different §0.05).

AFL — A. flavus(L-strain), AFS -A. flavus(S-strain), AC -A. caelatusAA — A.
alliaceus AT —A. tamarii AP —A. parasiticus FUS —Fusarium PEN —Penicilliumspp.

Eight fungal pathogens were isolated from soil wAtHflavusS-strain having the highest overall

isolation incidence (Table 7; Figure 11). Tablehdws that there was no significant difference
(P<0.05) between the fungal population and the fudgi@pplication rate. At the application rate
of 0.5ml/kg, the fungal incidence was higher thanthe other concentrations. However, as the

season progressed, the application rates had dicagh (P<0.05) correlation with the fungal
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incidence. Regardless of the fungicide applicatae, the most predominant species isolated

from soil wasA. flavusS-strain followed bA. flavusL-strain.

4.3.3 Population of fungi in maize tissues
Different application rates of Maxim XL 035 £Sesulted in significantly 0.05) different

incidence of fungal pathogens in maize tissuesl€rap Application rate of 0.5ul/ml resulted in
the highest overall fungal incidence (mean = 46128xCFU/g); followed by application rate of
1.0pl/ml (mean = 38.9xf0CFU/g). Application rate of 1.5ul/ml resulted imetlowest fungal
population. There was a strong associatiofD(65) between application rate and the population
of various fungal pathogens. The level of significa between the application rate and the

fungal population was highest at hard dough stage.
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Table 8: Incidence (%) of fungal pathogens isolated frormst@and kernels (CFU/g) sampled at

different growth stages of maize treated with Maxm035 FS at various concentrations.

Fungicide application rate (ul/ml) AFLAFS AA AS AT AP FUS PEN Others

SPP.  Spp.

a) Maize tissues three months

0.5 46 60 26 24 28 45 49 59 48
1.0 34 64 32 31 23 38 44 49 44
1.5 37 51 50 44 30 36 47 40 41
Control 29 55 57 39 35 29 34 46 24
c) Kernels at hard dough stage

0.5 40 52 21 29 31 29 36 28 37
1.0 46 66 30 32 22 24 38 24 33
1.5 42 82 36 32 21 20 29 36 28
Control 40 56 37 32 20 27 30 33 34
d) Kernels at harvest

0.5 39 48 29 20 22 26 35 23 35
1.0 40 58 21 28 28 20 33 23 30
1.5 38 74 36 26 22 20 27 37 26
Control 37 50 30 23 32 25 30 23 31
LSD (P<0.05) 1.08.43 0.44 0.34 0.38 045 0.95 1.00.63

AFL — A. flavus(L-strain), AFS -A. flavus(S-strain), AC -A. caelatusAA — A. alliaceus AT —
A. tamarii AP —A. parasiticus FUS —Fusariumspp., PEN -Penicilliumspp.

At different growth stages, Maxim XL 035 £$ad different effects on the fungal pathogens
(Figure 15). The population of fungal pathogens higber at hard dough stage than at harvest.
The action of Maxim XL 035 F5against different fungal pathogens at differemwgh stages

showed that the fungal population decreased ase®on advanced.
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Figure 13 Incidence (CFU/g kernels) of different fungallp@gens in kernels sampled at hard
dough stage and at harvest.
Bars accompanied by similar kstfer each application rate are not significantly
different (£0.05).
Error bars indicate standard reofaneans.

Seven fungal pathogeng\. flavus L-strain, A. flavus S-strain, A. caelatus, A. tamarii, A.
parasiticus, F. oxysporurand Penicillium spp. were identified from kernels sampled at hstrve
(Figure 16). The predominant fungi weke flavusL-strain, A. flavusS-strain,Penicillium spp.

andFusariumwhile A. parasiticusA. tamariiandA. caelatusvere isolated in lower frequency.
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Figure 14: Mean population (CFU/g) of various fungi isolatesin harvested kernels.

AFL — A. flavus(L-strain), AFS -A. flavus(S-strain), AC -A. caelatusAA — A. alliaceus AT —
A. tamarii AP —A. parasiticus FUS —Fusariumspp., PEN Penicillium spp.

Bars accompanied by different letters are signifilgedifferent (F<0.05).

Error bars indicate the standard error of the mmean

4.4 Aflatoxin levels in maize kernels
The levels of aflatoxin in maize kernels sampledatest ranged from 0 to 93.0ppb (Figure 15).

Overall, 44% of the samples had undetectable ledfedslatoxin while 56% had aflatoxin levels
above the detection limit (2ppb). Kernels from negitants treated with 1.5ml/kg of Maxim XL
035 FS had significantly (R0.05) lower total aflatoxin concentration compatedernels from
plants treated with a concentration of 0.5 and ¥KgnHowever, the total aflatoxin levels in
kernels from plants treated with the latter twoaantrations were not significantly different and
were significantly higher than the kernels from then-treated control plants. There was no

positive correlation between the population of faingathogens with the aflatoxin levels.
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Figure 15: Total aflatoxin levels (ppb) in maize kernels séedpat harvest from maize
planted after treatment with eliéint concentration of Maxim XL 035 £S
Bars accompanied by different letters are not &aitly different (K0.05).

Error bars indicate the standard error of the means
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CHAPTER FIVE
5.0 DISCUSSION, CONCLUSIONS AND RECOMMENDATIONS

5.1 DISCUSSION
This study provides information on the occurrenteasiousAspergillusspecies in soil sampled

from a maize field in Kiboko Research SubstatioMiakueni County and their progression in
maize crop. The efficacy of Maxim XL 035 E®n Aspergillusspecies as well as aflatoxin
contamination of maize kernels is also documenidte S-typeA. flavuswas the most prevalent
pathogen associated with contamination of maizkilloko Research Substation, and therefore
management strategies to reduce aflatoxin contdimmaf maize at the station should focus on
this species. Researchers are seeking to betterstadd the causes of aflatoxin contamination
and to identify cost-effective techniques to redtive risk. Since Maxim XL 035 ESis a
phenylpyrrole fungicide that is relatively cheaphose efficacy on the aflatoxin producing
Aspergillus spp. is unknown. It was therefore necessary toedtigate its effect on

AspeBandyopadhyayspp. and aflatoxin contamination akea

5.1.1 Efficacy of Maxim XL 035 F$ under in vitro conditions
The results from this study showed that Maxim XI55 had appreciable effect on the four

test pathogens. The fungicide had the highestasfjicat lower concentration. The action of
Maxim XL 035 FS against different fungal pathogens showed thaai least effective against
A. flavusL-strain followed byA. flavusS-strain. The fungicide had the greatest effeetire
Penicillium spp. andF. oxysporumA. flavusis the most serious contaminant of maize and
therefore limited activity of Maxim XL 035 FSagainst this pathogen calls for a broader
approach in managing the fungi. Additionally, thewlefficacy of Maxim XL 035 F$ in
controlling A. flavusimplies that less exposure of harvested maizeekeno factors that favor
aflatoxigenicAspergillusis still paramount.
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There are several efforts in Kenya today focusingemlucing aflatoxin contamination in maize
that include biocontrol ( Bandyopadhyagt,al, 2011) and promotion of less susceptible maize
varieties (Jagger, 2011). These efforts should @ssider incorporation of Maxim XL 035 £S
as a fungicide in control of various fungal patheg@ssociated with maize and the importance
of sensitization of actors in maize production bea importance of fungicides. Since Maxim XL
035 FS showed some activity againét flavus S-strain and L-strain although limited, the
possible mechanism of action could be the actigtyphenolic compounds that inhibit the
mycelia growth and sporulation &f. flavus Voriconazole fungicide is also a good antifungal
agent againsAspergillusandFusarium(Atehnkenget al, 2008) When the fungicide was used at
lower concentration, the inhibition zone was higfar Aspergillus, Fusarium oxysporuand
Penicillium spp. (D’melloet al, 2003). This may have been due to the antagomstiare of

some of thspergillus

5.1.2 Efficacy of Maxim XL 035 F$ under greenhouse conditions
This study showed that Maxim XL 035 £8ad no significant effect on the growth of maize.

It was evident that Maxim XL 035 BSwvas effective at a higher concentration as it ceduthe
fungal incidence oA. flavusL-strain,PenicilliumandF. oxysporumn the soil after inoculation.
The higher the concentration of the fungicide, ldweer the fungal population and the lower the
fungicide concentration the higher the fungal papah. This study also showed that Maxim XL
035 FS was more effective oi. flavusL-strain at a higher concentration than at a lower
concentration. A study done on the effect of Maxtn035 FS’ (Fludioxonil and Metalaxyl-m)

at the Gezira Research Station Farm in Sudan dghmseedling disease of cotton, showed a
significant improvement of crop standards and seatbn yield over the untreated control,

apparently due to substantial reductions in sedddsses (Mahiet al, 1998). The cotton yields
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of all tested rates of Maxim XL 035 ESvere comparable to that of the standard treatrognt

1.0ml/L (D’ Mello etal., 1998). Maxim XL 035 F8had no significant effect on the growth of
maize but had an effect on fungal pathogens andmdite germination and vitality of the maize
crop. This indicates that the use of this fungicatehigher concentration could reduce the

population of aflatoxin producing fungal population

5.1.3 Efficacy of Maxim XL 035 FS under field conditions
This study showed that there were many fungal spgmiesent in the study area, eight of which

were identified. Of importance were aflatoxins procgAspergillusspp. as well as other fungal
genera that are known to produce mycotoxins. Tledgninant species in maize debris before
planting wereA. flavusS-strain,A. flavusL-strain andA. alliaceuswith an incidence of 68.9%
for A. flavus S-strain and L-strain. In the soil before plagtithe fungus with the highest
incidence was\. caelatus but after planting the fungi isolated in the reghincidence werA.

flavus S-strain and\. flavusL-strain.

The high incidence oA. flavus-Sstrain that produces aflatoxin (Cotty and Cardwid99; Egel

et al., 1994) and in particular, the more potent aflatoBihand B2, implies a risk of aflatoxin
contamination of maize from Kiboko Research Sulmstatin as much as the incidence Af
flavusL-strain was high, it did not lead to a positiveretation with aflatoxin and this could be
attributed to the fact that some of tAeflavusL-strains are known to be atoxigenic (Cotty and
Cardwell, 1999; Egett al.,1994). Since the factors that trigger aflatoxiadarction are not well
understood, vigilance in pre- and post-harvest lagaf maize is needed to avert the risk of
human exposure because the toxins can be producell stages (Horret al, 1996). The
confirmation of occurrence of other species thaidpce toxins, such a&. tamarii which

produces cyclopiazonic acid (Hoet al, 1996) andA. alliaceusthat produces ochratoxin A
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(Baymanet al, 2002), underscore the need to screen maizeusbfqr aflatoxin, but also for
other detrimental mycotoxins.

In the current study, several fungi were isolateminf maize seeds after harvest includiag
flavus L-strain, A. flavusS-strain,A. tamarii, A. alliaceus, A. parasiticus, A. nosjitrusarium
spp.andPenicilliumspp. The high fungal population densities reponediboko Research Sub-
station means that households are not only exptusé#te dreaded aflatoxins but also to other
mycotoxins. This is comparable to the study don¢herpesticide use and mycotoxin production
in Fusariumand Aspergillusphytopathogens, where the pesticide was seen &ffbetive at

higher concentration (D’ Mellet al., 1998).

Maxim XL 035 F$ significantly inhibited mycelia growth of. flavus at 250ppm and
significantly decreased aflatoxin production at , 1280 and 500ppm respectively (D’ Mekd
al., 1998). Therefore in order to develop futuretstyees to ameliorate aflatoxin contamination
in maize at Kiboko Research Substation, it is ingodrto characterize the fungal population
further. Mycotoxin contamination in maize dependstbe coincidence of host susceptibility,
environmental conditions favorable for infectiondain some cases, vector activity (Munkvold,
2003). Because of the importance of timing in thenés leading to infection, a change in
planting date can significantly affect mycotoxincamulation (Munkvold, 2003). Higher
temperatures and drier conditions favour infecbgrA. flavusand the development of aflatoxin
in maize prior to harvest (Dienet al, 1987; Jonest al, 1981) and aflatoxin contamination of
maize frequently accompanies heat and water stnessnay accompany drought (Gebal,
2005).

Aflatoxin levels in harvested kernels were higlheat application rate of 0.5ml/kg as compared to

1.5ml/kg where the aflatoxin level was low (meanpfd). It was observed that the less
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concentrated the fungicide, the higher the totdtatin levels. Thus, a concentration of

1.5ml/kg is recommended for use in reduction dcdtaftin levels in maize.

5.2 CONCLUSIONS
Aspergillus flavusnore particularhA. flavusS-strain was the most commaspergillusstrain in

Kiboko Research Substation. Howewr flavusL-strain was also present in high incidence,
which indicates the possibility of chronic exposofeanaize consumers to aflatoxin produced by
these strains. The influence of aflatoxins on humpapulations in Kenya over the past decade
demonstrates a clear need for tools to manage roord#ion of locally produced maize. Given
the widespread nature &f flavusand its associated risk of aflatoxin contaminattdmaize, it

is desirable to include a fungicide interventiorhe field.

The incidence of aflatoxin producing fungi inclugiA. flavusS-strain and L-strain was high;
however, the incidence of other pathogen#\gpergillussectionFlavi such asA. caeletusA.
tamarii and A. alliaceuswas low. The presence @spergillusspecies in the soils and on
harvested kernels indicates thapergillusinoculum is widespread in both the environment, soi
and kernels in the study area. The inoculum in, odp and maize debris acts as the primary
source of inoculum that infects maturing maize cipus, elimination of inoculum sources such
as infected debris from the previous harvest mayqnt infection of the crop.

In addition, since Maxim XL 035 F&has been found to have some activity againstoxiigenic
fungi and reduction of aflatoxin levels in maizaneals, farmers should be encouraged to use it
as a seed dresser. The fungicide was effectiveeahighest concentration tested than at lower
concentrations.

The aflatoxin levels of harvested kernels rangednfi0 to 93ppb. Maxim XL 035 FSwas

effective against aflatoxin contamination as 60%the samples at harvest were suitable for
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human consumption based on the KEBS standardd®fppb for aflatoxin total (KEBS, 2007).

The reason for carrying out the study under thim&litions was to compare the results under

controlled and uncontrolled conditions. Furthewds to compare the results when other fungi

are present and when they are absent like in gen@ouse and the field conditions.

5.3 RECOMMENDATIONS

The high incidence of. flavusS-strain, which usually produces aflatoxin B1 arizi B
underscores the need for more vigilance and imphéatien of preventive measures that
reduce the risk of aflatoxin accumulation in contaated maize.

The isolation of mixed cultures of fungi shows titais likely that maize in Kiboko is
contaminated with more than one type of mycotoXuarther studies are required to
determine if this is the case. Planting improvedzeaultivars, combined with good crop
management and post-harvest handling practicesldshos explored to deter the
proliferation of fungal species and reduce the ofkiycotoxins contamination.

Further studies should also be done to ascertagtheh Maxim XL 035 F3 can reduce
the population of other fungal pathogens suchAagarasiticus, A. nomiusnd A.

alliaceusthat produces mycotoxins in maize.

. Results from the current study on effect of Maxih 835 FS on Aspergillusspecies

under different conditions did not show a consisfattern. Further studies are required
to establish a consistent effect of the fungicidaiast these fungi.
The impact of Maxim XL 035 F&on Aspergilluswas not as high hence the need to

evaluate other fungicides agaidstpergillus.
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5.4 Further studies

Recently, the tolerance level for total aflatoxin maize and other food commodities by the
Kenya Bureau of standards was lowered frompg2ky to 1Qug/kg. As a possible control
measure, research on the use of Maxim XL®08% other mycotoxin producing fungi in maize
needs to be pursued. Further research on Maxim @ ascertain its reduction of fungal
pathogens that are harmful to the maize crop, &sswould be a cost effective means of
managing aflatoxins in maize. The research shoealduWlt on the high presence Af flavusS-

strains found in the region.
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