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ABSTRACT 

Survey covering 120 wheat fields was conduc- 
ted in three wheat-growing districts of Kenya 
during the 2008 cropping season to determine 
the incidence of Fusarium head blight (FHB) and 
T2-toxin contamination in grain. FHB incidence 
was determined as the number of blighted ears 
per 10 m2. Information gathered included wheat 
production practices, rainfall and temperature 
data. Fungal pathogens were isolated from 
wheat stems, heads, straw, grains and soil and 
identified based on cultural and morphological 
characteristics. Wheat grain samples were ana- 
lyzed for T2-toxin by competitive Enzyme Linked 
Immunosorbent Assay (ELISA). High FHB inci- 
dences of up to 88% were recorded. Fungal 
genera isolated included Fusarium, Epicoccum, 
Trichoderma, Alternaria and Penicilium. Wheat 
plant parts with high infection with Alternaria 
and Epicoccum had corresponding low levels of 
Fusarium spp. Whereas Fusarium spp. were the 
most common fungal pathogens in stems, heads 
and soil, Epicoccum was frequently isolated 
from straw and grains. Fusarium speciesiso- 
lated included F. poae, F. graminearum, F. stil- 
boides, F. verticilloides, F. fusarioides, F. tricinc- 
tum and F. heterosporum with F. poae and F. 
graminearum accounting for approximately 40% 
of all Fusarium infections. T2-toxin was de- 
tected in all the grain samples and varied from 3 
to 22 ppb. The study showed that FHB and T2- 
toxin are prevalent in the study districts and the 
high diversity of Fusarium species implies a 
challenge in FHB management as well as a risk 
of chronic T2-toxin exposure to humans and 
livestock. 
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1. INTRODUCTION 

Wheat (Triticum aestivum L.) is the second most im-
portant cereal grain in Kenya after maize [1]. Fusarium 
head blight (FHB) or scab of wheat and barley is mainly 
caused by a complex of the soil- and residue-borne Fusa- 
rium spp. which also cause foot rot and root rot [2,3]. 
However, F. graminearum, F. culmorum, F. poae and F. 
avenaceum predominate depending on climatic condi- 
tions [4]. The disease is one of the most destructive in 
areas characterized by warm and humid weather espe- 
cially after heading of wheat [5]. It reduces grain yield 
due to grain shriveling and quality due to production of 
mycotoxins which adversely affect human and livestock 
productivity and health. The major mycotoxins associ- 
ated with Fusarium spp. include deoxynivalenol, niva- 
lenol, T2-toxin, zearalenone and their derivatives [6]. 
Majority of wheat growers in Kenya are small-scale 
farmers with less than 20 acres [7,8]. Most of these pro- 
ducers do not use fungicides for fungal disease manage- 
ment. Additionally, maize, which is the country’s staple 
food and known to promote FHB incidence and severity 
is grown either side-by-side or as a rotation crop with 
wheat [8,9].  

Wheat can be infected by Fusarium spp. during all 
growth stages, although anthesis is the most susceptible 
developmental stage. Rainfall during this stage often 
results in economically important FHB infections. Ge- 
netic variation and climatic factors result in differences in 
mycotoxins produced by Fusarium spp. [10]. Earlier 
studies conducted in Nyandarua and Nakuru districts of 
Kenya showed that different fungal genera and Fusarium 
spp. were isolated from wheat kernels [9,11,12]. Addi- 
tionally, aflatoxins, deoxynivalenol, nivalenol and T2- 
toxin were detected in wheat grains from these studies. 
However, most of the previous studies in the country 
assessed infection of the grains and not vegetative parts 
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and straw after harvest. Vegetative wheat parts and wheat 
debris play a critical role in the survival of Fusarium spp. 
thereby acting as the source of primary inoculum for a 
new crop [13]. Straw may also be a pathway of introduc- 
tion of mycotoxins to livestock feed chain. This study was 
therefore carried out to determine FHB inoculum levels in 
stems, heads, grains, straw and soil sampled from major 
wheat growing districts of Kenya as well as T2-toxin 
contamination of wheat grain. 

2. MATERIALS AND METHODS 

2.1. Field Sampling and FHB Incidence  
Assessment 

A field survey was carried out between July and No- 
vember 2008 before and after wheat harvesting, in 12 
agro-ecological zones (AEZ; Table 1) of major wheat 
growing districts of Narok, Imenti North and Nyandarua 
North in Kenya. The AEZ included upper highland 2, 3 
and 4 as well as lower highland 2, 3 and 4 distributed 
among the three districts. Ten farms, both large and small 
scale, were randomly sampled in each AEZ by selecting 
the fifth wheat-growing farm in a transect such that a 
total of 120 farms were surveyed. A semi-structured 
questionnaire was used to obtain production information 
such as cultivars grown, crops cultivated, and pest and 
disease management practices. 

Fusarium Head Blight incidence was determined as 
the proportion of diseased heads within four 10 M2 ran- 
domly selected quadrants in each farm. Half a kilo of 
fresh stem bases and blighted wheat heads were ran- 
domly sampled per field before harvesting (GS87). At 
harvest, approximately 1kg of freshly harvested kernels 
and straw were collected in khaki paper bags for myco- 
logical and mycotoxin analysis. Top soil was collected 
from 5 different points of each farm, mixed to make a 
single sample from which a 1 kg sub-sample was taken 
for fungal isolation. Stems, straw and immature wheat 
heads were sampled only in Nyandarua North and Imenti 
North districts. All samples were stored at 4˚C until ana- 
lyzed. 

2.2. Microbiological Assays 

Half a centimeter long stems, heads and straw as well 
as kernels were surface sterilized in 3% sodium hy- 
pochlorite with 3 drops of Tween 20 for three minutes 
and subsequently rinsed thrice for two minutes in sterile 
distilled water. The sections were then plated on low 
strength potato dextrose agar modified with salts and 
antibiotics [14]. Ten pieces of wheat stems, heads and 
straw were plated per Petri dish and replicated 5 times. 
However, the sample size for the kernels per field was 
100 and therefore replicated 10 times. Isolation from soil 
samples was done by dissolving 1g of the sample in 9 
mL of sterile distilled water which was serially diluted up 
to 10−6. One milliliter of the 10−4 and 10−5 dilutions of 
each sample were plated on PDA and evenly dispersing 
the suspension at the bottom of sterile Petri dishes. Ten 
milliliters of molten PDA amended with 40 ppm of anti- 
biotics was then added in each Petri dish. The plates 
were incubated for 5 - 7 days at 25˚C under 12 h day- 
light and 12 h darkness cycles. Counts were made of the 
total number of infected seeds or pieces of wheat mate- 
rial per plate.  

Different fungal genera and Fusarium species colonies 
per Petri dish were counted for soil samples and the 
number of colony forming units per gram (CFU/g) cal- 
culated by multiplying the number of colonies by dilu- 
tion factor for the soil. Fusarium colonies were sub-cul- 
tured on PDA and synthetic nutrient agar (SNA) [15]. 
Cultures on SNA were incubated under near UV-light to 
facilitate sporulation while those on PDA were incubated 
at 25˚C for 14 - 21 days. Fusarium species were identi- 
fied based on morphological and cultural characteristics 
[16-18]. Other fungal genera were sub-cultured on PDA 
and identified to genus level based on cultural and mor- 
phological characteristics. 

2.3. T2-Toxin Analysis 

T2-toxin in wheat grains was analyzed by direct com- 
petitive Enzyme-Linked Immunosorbent Assay (ELISA) 
[19,20]. Each sample was homogenized and 100 g sub- 

 
Table 1. Characteristics of different agro ecological zones (AEZ) in wheat growing districts, Kenya covered during the field moni- 
toring. 

AEZ Description Annual mean rainfall (mm) Length of growing period (days) 

Lower Highland 3 (LH3) Wheat-maize-barley zone 750 - 900 190 - 260 

Lower Highland 4 (LH4) Cattle-sheep-barley zone 700 - 1400 115 - 130 

Lower Highland 2 (LH2) Wheat-maize-pyrethrum zone 1200 - 1800 320 - 340 

Upper Highland 3 (UH3) Upper wheat-barley zone 700 - 1000 280 - 300 

Upper Highland 4 (UH4) Maize-wheat zone 600 - 850 230 - 280 

S   ource: Ministry of agriculture and GTZ [46]. 
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sample ground to fine powder. Five grams of the ground 
sample was extracted with 25 mL of methanol: water 
(70/30v/v) for T2-toxin. The extract was de-fatted with 
10 mL hexane, and 4 mL of the methanolic layer was 
diluted to 10% using phosphate buffer solution. The me- 
thanolic extract was diluted with an equal volume of dis- 
tilled water. A commercial kit (Ridascreen, r-Biopharm, 
Germany) was used and the ELISA procedure performed 
following the manufacturer’s recommendations. Absor- 
bance was determined using the spectrophotometer ELISA 
reader (Uniskan II, Finland) at 450 nm. A calibration 
curve for the standards for each toxin dilution was plot-
ted using log 10 of standards concentration against the 
percentage inhibition of the standards. 

2.4. Data Analysis 

Survey data was analyzed using statistical package for 
social sciences version 12 for windows (SPSS). All other 
data were subjected to analysis of variance (ANOVA) 
using the PROC ANOVA procedure of Genstat, VSN 
International limited, 2008 edition III. Differences among 
the treatment means were separated using the Fisher’s 
protected LSD test at 5% probability level. Where nec- 
essary data was transformed using square root applying 
the formula; = SQT (n + 0.5) where n was the number of 
observations and SQT was square root and 0.5 was a 
constant. 

3. RESULTS 

3.1. Wheat Production Practices 

Data on the production systems provided information 
on their possible contribution to build-up of Fusarium 
inoculum in the three wheat growing regions (Table 2). 
A total of 14 wheat varieties were cultivated in the three 
districts. Newer released varieties were more popular 
with the farmers compared to the older ones. Majority 
(71%) of the farmers either rotated wheat with maize or 
grew the two crops side by side. Only 15% of the farm- 
ers grew wheat in a monoculture system although no 
farmer in Imenti North district cultivated wheat as a sole 
crop. Aphids (73%) and stem rust (77%) were the most 
important pest and disease, respectively in the three dis- 
tricts. 

3.2. Fungal Inoculum in Wheat Stems 

The fungal genera commonly isolated from wheat stems 
were Fusarium, Alternaria and Epicoccum (Table 3). 
However, there was variability in the predominance of 
fungal genera between the districts and among the AEZ. 
For example, whereas Fusarium spp. were predominant 
(57%) in Imenti north district, Epicoccum was predomi- 
nant (48%) in Nyandarua North district. Where Fusarium 
spp. were isolated in high frequency, Alternaria and Epi- 
coccum were isolated in low frequency and vice versa.   

 
Table 2. Characteristics of wheat production systems in the study districts of Kenya covered during the field survey. 

Varieties Other cultivated crops Insects & diseases Insecticides & fungicides 

Njoro BW II 45.0 Maize 70.8 Aphids 72.5 Dimethoate® 43.3 

Mwamba 28.3 Potatoes 59.2 Caterpillars 15.8 Bulldock® 18.3 

Kwale 25.0 Beans 36.7 Army worms 10.0 Bactril® 5.8 

Duma 14.2 Peas 31.7 Cut worms 6.7 Bestox® 6.7 

Njoro BW I 5.0 None 15.0 Boll worms 1.7 Neural D® 3.3 

Heroe 3.3 Cabbage 14.7 Other insects 18.3 Ogor® 6.7 

Popo 2.5 Carrots 7.5 Stem rust 76.7 Cyclone® 3.3 

Kongoni 1.7 Kales 6.7 Yellow rust 15.0 Karate® 3.3 

Mbuni 1.7 Onions 3.3 Blight 4.2 Other insecticides 31.0 

Mamba 1.7   Smut 6.7 Folicur® 75.8 

Chiriku 1.7   Wilt 5.0 Tilt® 10.0 

Local varieties 0.8   Other diseases 8.3 Silvacur® 3.3 

Bounty 0.8     Thiovit® 2.5 

Chuzi 0.8     Pearl® 1.7 

Not known 13.3     Other fungicides 21.7 
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Table 3. Frequency (%) of fungal genera isolated from wheat stems sampled in two wheat growing districts of Kenya. 

Imenti North Nyandarua North 
A. Fungal genera 

LH2 LH4 Mean LH3 LH4 Mean 

Fusarium 57.1 57.6 57.3 23.6 31.8 27.7 

Alternaria 27.8 26.2 27.0 49.0 19.4 34.2 

Epicoccum 15.2 16.3 15.7 27.5 48.9 38.2 

B. Fusarium spp.       

F. poae 16.9 16.4 16.7 11.7 12.2 12.1 

F. graminearum 8.2 10.4 9.3 13.5 13.0 13.2 

F. verticilloides 11.5 11.1 11.3 5.7 9.8 9.4 

F. tricinctum 8.7 8.2 8.5 6.1 7.6 7.4 

F. fusariodes 7.3 6.6 6.9 7.0 7.3 7.3 

F. stilboides 6.6 6.6 6.6 6.4 6.7 6.7 

F. heterosporum 6.5 6.4 6.5 6.4 6.7 6.7 

LH4: Lower highland; LH3: Lower highland 3; LH2: Lower highland 2. 

 
There were no significant (p < 0.05) differences in isola- 
tion frequency of the fungal genera among the AEZ. The 
Fusarium species isolated from wheat stems were F. 
graminearum, F. poae, F. heterosporum, F. fusariodes, F. 
tricinctum, F. stilboides and F. verticillioides (Table 3). 
Fusarium poae and F. graminearum accounted for 40% 
of all Fusarium infections and there was inverse propor- 
tion in isolation frequency of F. poae and F. graminea- 
rum in the AEZ and districts. However, the isolation fre- 
quency of the different Fusarium spp. was not signifi- 
cantly (p < 0.05) different among the AEZ and districts. 

3.3. Fusarium Head Blight Incidence and  
Fungal Species Infecting Immature  
Heads and Straw at Harvest 

The proportion of blighted heads per 10 M2 varied 
from 68% to 88% (Table 4). However, there were no 
significant (p < 0.05) differences in disease incidence 
among the AEZ and districts. In both districts, Fusarium 
spp. were isolated in high frequency from samples taken 
from fields and AEZ where FHB incidence was high. 
Fusarium, Epicoccum, Alternaria and Penicillium were 
the frequently isolated fungal genera from immature 
wheat heads, with Fusarium having the highest isolation 
frequency of up to 54.2% while Penicillium was the least 
frequently isolated at 2.7% (Table 4). There were no 
significant (p < 0.05) differences in the isolation fre- 
quency of any of the fungal genera among the AEZ. 
Similar spectrum of Fusarium species was isolated from 
immature wheat heads and stems (Table 4). The isolation  

frequency of Fusarium spp. in decreasing order was F. 
graminearum, F. poae, F. verticillioides, F. tricinctum, F. 
stilboides, F. fusarioides and F. heterosporum. There 
were no significant (p < 0.05) differences in the isolation 
frequency of Fusarium spp. from immature wheat heads 
among the AEZ. 

Three fungal genera, Fusarium, Epicoccum, and Al- 
ternaria, were isolated from wheat straw at harvest (Ta- 
ble 5). There were no significant (p < 0.05) differences in 
the isolation frequency of the fungal genera among the 
AEZ in the two districts indicating similar level of fungal 
contamination in the different agro-climatic regions. 
Fusarium poae and F. graminearum were the predomi- 
nant species infecting straw while the proportion of other 
Fusarium species was negligible. 

3.4. Diversity and Frequency of Fungal  
Species Isolated from Soil  

Fusarium, Trichoderma, Alternaria, Epicoccum and 
Penicilium were common in all the soil samples although 
their frequency of isolation varied in different agro-eco- 
logical zones (Table 6). However, there were no signifi- 
cant (p < 0.05) differences in the number of colony 
forming units of individual fungal genera isolated from 
different AEZ within the same district. Fusarium poae 
and F. graminearum were the most common Fusarium 
spp. in soil, forming up to 69.7 × 104 CFU/g and 7.0 × 
104 CFU/g, respectively (Figure 1). However, there 
were no significant (p < 0.05) differences in the isola-
tion frequency of the two species among the AEZ and 

istricts.  d  
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Table 4. Isolation frequency (%) of fungi contaminating wheat heads and FHB incidence (%) in two wheat growing districts in 
Kenya. 

Imenti North Nyandarua North 
A. Fungal genera1 

LH2 LH4 Mean LH3 LH4 Mean 

Fusarium 58.0 50.1 54.1 71.6 37.0 54.3 

Epicoccum 25.0 21.7 23.4 8.5 45.8 27.2 

Alternaria 15.5 18.8 17.2 19.9 17.2 18.6 

Penicillium 1.5 9.3 5.4 0.0 0.0 0.0 

B. Fusarium spp.1       

F. graminearum 10.8 10.8 10.8 13.5 11.8 12.7 

F. poae 13.0 8.6 10.8 13.1 10.9 12.0 

F. verticilloides 10.9 12.2 11.5 11.6 8.7 10.1 

F. tricinctum 9.2 9.8 9.5 9.2 7.8 8.5 

F. stilboides 9.7 7.8 8.5 6.9 7.1 7.0 

F. fusariodes 7.2 7.7 7.5 8.0 7.3 7.6 

F. heterosporum 6.4 7.8 7.1 6.5 6.7 6.6 

C. FHB incidence (%) 81.4 67.7 74.5 87.5 82.3 84.9 

1No significant difference in isolation frequency of the fungal pathogens among the AEZ; LH4: Lower highland; LH3: Lower highland 3; LH2: Lower highland 2. 

 
Table 5. Isolation frequency (%) of fungal pathogens infecting wheat straw in different agro-ecological zones at harvest. 

Frequency (%) of fungal pathogens1 

Fusarium spp. District AEZ 
Alternaria spp. Epicoccum spp. 

F. poae F. graminearum 

Nyandarua LH3 20.2 26.0 28.7 24.9 

LH4 18.4 26.2 31.9 24.0 

UH3 19.5 28.0 24.9 27.3 

UH4 18.2 28.7 28.4 24.6 
North 

Mean 19.1 27.2 28.4 25.2 

LH4 25.9 33.5 27.4 13.2 

UH2 23.9 32.3 29.4 15.2 

UH3 23.7 33.7 26.9 16.0 

UH4 25.4 32.2 28.4 13.6 

Narok 

Mean 24.7 32.9 28.0 14.5 

1No significant difference in isolation frequency of the fungal pathogens among the AEZ; LH4: Lower highland; LH3: Lower highland 3; LH2: Lower highland 
2; UH3: Upper highland 3; UH4: Upper highland 4. 

 
3.5. Diversity and Frequency of Fungal  

Species Isolated from Wheat Kernels  

Similar spectrum of fungal genera was isolated from 
wheat kernels as from soils sampled from wheat fields 
(Table 7). Epicoccum spp. was the most prevalent genera  

in wheat kernels sampled from Nyandarua North and 
Narok districts while in Imenti, Alternaria was the most 
common. In AEZ where Epicoccum and Alternaria were 
isolated in high frequency, Fusarium was less common. 
There were significant (p < 0.05) differences in isolation 
frequency of individual fung l genera among the AEZ. A  a  
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Figure 1. Isolation frequency (CFU·g−1) of F. poae and F. graminearum isolated from 
soil sampled from wheat fields in different agro-ecological zones of wheat growing 
districts in Kenya. LH4: Lower highland 4, UH2: Upper highland 2; UH3: Upper 
highland 3; UH4: Upper highland 4; LH3: Lower highland 3; LH2: Lower highland 2; 
Data transformed using formula = Square root (CFU + 0.5). 

 
Table 6. Fungal genera (CFU/g) isolated from soil in different agro-ecological zones of wheat growing districts in Kenya. 

Colony forming units (CFU/g) of fungal pathogens 
District AEZa 

Fusariumb Alternaria Trichoderma Epicoccum Penicillium 

Nyandarua LH3 14.9 10.2 8.7 10.8 10.4 

LH4 15.6 11.0 7.8 8.9 8.6 

UH3 16.5 10.1 7.7 7.2 6.7 

UH4 6.8 8.4 4.6 5.8 4.7 
North 

Mean 13.5 9.9 7.2 8.2 7.6 

Imenti LH2 14.1 12.8 12.9 5.6 9.4 

LH4 11.5 12.6 13.0 7.7 9.5 

UH2 13.8 13.3 12.0 8.5 9.5 

UH3 16.3 14.8 12.3 9.8 11.0 
North 

Mean 13.9 13.4 12.6 7.9 9.9 

LH4 14.0 17.5 11.8 14.1 13.5 

UH2 13.2 15.5 10.4 9.8 11.4 

UH3 13.4 13.2 6.5 8.9 8.2 

UH4 14.7 16.3 13.7 12.7 13.5 

Narok 

Mean 13.8 15.6 10.6 11.4 11.7 

aNo significant difference (p < 0.05) among the AEZ within the districts for each pathogen; bF. poae and F. graminearum were the common species in the dif-
ferent AEZ in the three districts; LH4: Lower highland 4, UH2: Upper highland 2; UH3: Upper highland 3; UH4: Upper highland 4; LH3: Lower highland 3; 
LH2. Data transformed using formula = Square root (CFU + 0.5). 

 
total of seven Fusarium spp., F. poae, F. graminearum, F. 
fusarioides, F. stilboides, F. verticillioides, F. heterospo- 
rum and F. tricinctum, were isolated from wheat kernels 
at harvest (Table 8). The prevalence of Fusarium infec- 
tion on field basis was 100%. Fusarium poae was the 
most common species in Nyandarua North and Imenti 

North districts while F. fusarioides was predominant in 
Narok district. Overall, F. poae and F. graminearum were 
the most common species in all AEZ accounting for 40% 
of all Fusarium infections of the kernels. The highest and 
lowest isolation rates of F. poae were in AEZ UH4 
(17.4%) and AEZ UH3 (11%), respectively. 
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Table 7. Isolation frequency (%) of fungal genera contaminating wheat kernels from different agro-ecological zones of wheat grow- 
ing districts at harvest. 

District AEZa Fusarium Alternaria Trichoderma Epicoccum Penicillium 

Nyandarua LH3 28.5b 13.0a 10.7a 37.3a 10.4a 

LH4 29.9a 15.9a 10.3a 33.5b 10.4a 

UH3 28.5b 13.0a 10.6a 37.5b 10.5a 

UH4 29.4a 15.8a 11.1a 33.5a 10.2a 
North 

Mean 29.1 14.4 10.7 35.5 10.4 

Imenti LH2 24.6a 26.1c 11.0a 21.3c 17.0b 

LH4 19.3c 31.0a 10.1a 21.6c 18.0a 

UH2 20.0b 29.1b 11.7a 28.0a 11.2c 

UH3 21.1b 29.3b 11.7a 26.1b 11.8c 
North 

Mean 21.3 28.9 11.1 24.3 14.5 

LH4 21.0b 20.6b 12.5a 31.2c 14.7a 

UH2 14.8c 19.4c 12.1a 41.5b 12.2c 

UH3 14.9c 18.0d 12.2a 43.0a 12.0c 

UH4 31.5a 24.7a 11.7a 19.1d 13.0b 

Narok 

Mean 20.6 20.7 12.1 33.7 13.0 

Means followed by different letters within the columns are significantly (p < 0.05) different; LH4: Lower highland 4, UH2: Upper highland 2; UH3: Upper 
highland 3; UH4: Upper highland 4; LH3: Lower highland 3; LH2: Lower highland 2. 

 
Table 8. Isolation frequency (%) of Fusarium spp. contaminating wheat kernels in different agro-ecological zones of three wheat 
growing districts at harvest. 

District AEZ F. poae F. gram F. fusa F. stil F. vert F. hete F. tric 

Nyandarua LH3 12.6a 12.1a 6.4a 6.4a 6.4a 6.4a 6.4a 

LH4 12.5a 12.1a 6.5a 6.3a 6.8a 6.4a 6.5a 

UH3 11.5a 12.9a 6.4a 6.4a 6.4a 6.4a 6.4a 

UH4 12.8a 12.2a 6.3a 6.3a 6.5a 6.3a 6.4a 
North 

Mean 12.4 12.3 6.4 6.3 6.5 6.4 6.4 

Imenti LH2 17.1a 7.3a 6.2a 6.2a 8.3a 6.2a 6.2a 

LH4 12.1d 7.5a 6.2a 6.2a 6.2c 6.6a 6.2a 

UH2 14.9c 7.9a 6.3a 6.3a 6.6b 6.3a 6.3a 

UH3 15.3b 9.0a 6.3a 6.4a 6.7b 6.4a 6.5a 
North 

Mean 14.9 7.9 6.3 6.3 6.9 6.4 6.3 

LH4 13.0c 7.7b 6.5a 6.4a 8.4b 6.4b 7.19a 

UH2 16.2b 9.5a 6.3a 6.3a 6.7c 6.3b 6.33a 

UH3 1.3d 1.4d 25.3a 0.7a 0.7d 0.7c 0.71b 

UH4 17.4a 6.7c 10.4a 6.8a 9.7a 7.2a 7.25a 

Narok 

Mean 12.0 6.3 12.1 5.1 6.4 5.1 5.4 

Means followed by different letters for each Fusarium genus within the districts are significantly (p < 0.05) different; LH4: Lower highland 4, UH2: Upper 
highland 2; UH3: Upper highland 3; UH4: Upper highland 4; LH3: Lower highland 3; LH2: Lower highland 2; F. gram: F. graminearum; F. stil: F. stilboides; F. 
erti: F. verticillioides; F. hete: F. heterosporum and F.tri: F. tricinctum. v 
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3.6. Contamination of Wheat Kernels with  

T2-Toxin  

The prevalence of T2-toxin in the kernel samples was 
100% and the mean concentration varied from 9 to 14 
ppb (Table 9). Samples from fields where F. poae was 
isolated in high frequency had a corresponding high 
concentration of T2-toxin. The widest variability in T2- 
toxin concentration was in Nyandarua North district 
ranging from 3.5 ppb in LH3 to 23.2 ppb in UH4. On the 
other hand, the lowest variability among the various AEZ 
was in Narok (59%) compared to 85% in Nyandarua 
North district. There were no significant (p < 0.05) dif- 
ferences in T2-toxin contamination levels among the 
AEZ within the three districts. 

4. DISCUSSION 

Although many wheat cultivars were grown by farm- 
ers in the three diverse districts during the study period, 
they were all susceptible to FHB and Fusarium infection 
of vegetative parts. The popularity of newer released 
cultivars among farmers could be attributed to possession 
of good qualities, such as tolerance to disease, drought 
tolerance and high yielding capacity as compared to the 
older varieties [21]. Seventy percent of the farmers cul- 

tivated maize either side-by-side with wheat or as a rota- 
tion crop. Maize could therefore be a source of primary 
inoculum and contributing to the high Fusarium inci- 
dence in the three districts. Fusarium infection of wheat 
sown in a field with maize residue may be two to three 
times more severe [22]. According to Dubin et al. [23], 
wheat scab epidemics depend mainly on the amount of 
primary inoculum rather than secondary inoculum. The 
Fusarium spp. in the wheat debris from previous seasons 
can survive long in the soil due to the pathogen’s sapro- 
phytic nature [24]. The reservoir for primary inoculum 
could be compounded by rotation of wheat crop with 
maize, a common practice in the three study districts.  

Fusarium head blight and Fusarium infection of 
vegetative wheat parts was prevalent in all the agro- 
ecological zones with incidence of up to 88%. A previous 
study in Kenya [14] showed that most wheat cultivars 
available are susceptible to FHB, none are immune and 
only a few are moderately resistant. The high FHB inci- 
dence in the current study contrasts with the findings by 
Riungu et al. [12] who reported low FHB incidence. The 
difference could be attributed to favourable weather con- 
ditions for FHB development during the 2008 cropping 
season.  

Fusarium, Alternaria, Trichoderma, Epicoccum and  
 
Table 9. Contamination levels of T2-toxin (ppb) in wheat kernels collected at harvest from farmers in different agro ecological zones 
of wheat growing districts in Kenya. 

Field 
District 

 1 2 3 4 5 
Mean 

Nyandarua LH3 11.0 6.8 3.5 13.2 10.9 9.1 

LH4 16.6 16.7 12.5 10.8 11.7 13.7 

UH3 9.5 12.2 12.2 16.8 11.1 12.4 

UH4 9.8 12.2 23.2 11.7 11.6 13.7 
North 

Mean 11.7 12.0 12.9 13.1 11.3 12.2 

Imenti LH2 16.2 18.6 11.1 10.8 13.5 14.0 

LH4 10.9 13.9 7.5 12.7 12.2 11.4 

UH2 16.8 23.0 8.6 12.5 11.0 14.4 

UH3 11.6 9.2 12.4 16.8 11.3 12.3 
North 

Mean 13.9 16.2 9.9 13.2 12.0 13.0 

LH4 13.3 10.8 15.8 11.2 18.5 13.9 

UH2 10.8 10.9 12.3 20.7 17.3 14.4 

UH3 11.3 16.1 11.1 8.4 10.8 11.6 

UH4 11.1 11.3 12.5 8.6 10.9 10.9 

Narok 

Mean 11.6 12.3 12.9 12.2 14.4 12.7 
 
L   H4: Lower highland 4; UH2: Upper highland 2; UH3: Upper highland 3; UH4: Upper highland 4; LH3: Lower highland 3; LH2: Lower highland 2. 
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Penicillium were the prevalent fungal genera in soil, 
stems, heads, straw and grains. The fungal spectrum con- 
curred with the findings of recent studies carried out on 
wheat grain in Kenya [12,25-27]. Where wheat was 
highly infected by Epicoccum and Alternaria, there was 
a corresponding low infection level by Fusarium. Similar 
findings have been reported [11,12,27-29]. This indi- 
cates the possibility of antagonism among the two fungal 
groups. Besides Fusarium spp., Penicillium is a producer 
of various mycotoxins such as patulin, mycophenolic, 
penicilic acid, roquefortins, marcfortine A, andrastin, 
gliotoxins and toxins of verruculogen/femitremorgen 
group [30,31]. Therefore, there is a likelihood of a wide 
spectrum of mycotoxins contaminating wheat in the three 
districts, with health implications on human and live- 
stock who are consumers of food and feed, respectively. 

Different Fusarium species were isolated in high fre- 
quency in the grains, stems, straw, soil and heads. The 
wide diversity was comparable to the findings of other 
studies in Kenya [9,11,12,27]. Fusarium head blight is 
caused by a complex of several Fusarium species [32, 
33]. However, different Fusarium species predominate 
various regions [9,34,35]. The predominance of certain 
Fusarium species in a region influences the major my- 
cotoxins contaminating wheat. Based on the spectrum of 
Fusarium spp. identified in this study, there is a possibil- 
ity of contamination of wheat grains, grain-based foods 
and straw with deoxynivalenol, nivalenol, T2-toxin, 
HT-2 toxin, Fusarenone-X, Diacetoxyscirpenol, enniatins, 
fusarin, moniliformin, which have been associated with 
human and animal toxicoses [6,9,36,37]. Due to differ- 
ences in survival strategies and mycotoxin production, 
the presence of different Fusarium spp. may pose chal- 
lenges in managing the pathogen. 

Isolation of Fusarium species from different wheat 
parts sampled at different growth stages emphasizes the 
role of debris in the pathogen cycle, disease monitoring 
as well as the importance of managing of the pathogen 
during different growth stages. All Fusarium species that 
infect cereals are capable of surviving saprophytically on 
crop debris [4,38,39]. Ascospores and conidia present in 
infected residues of previous crops still present in the 
field are splash-dispersed to wheat ears at anthesis where 
they act as primary inoculum for new infections [24, 
40,41]. This implies that infected residues left in the field 
play a crucial role in the survival and spread of these 
economically important pathogens. The presence of straw 
in the soil generally leads to increased pathogen popula- 
tions in soils [42]. The Fusarium inoculum in the soil 
and cereal residues has also been known to attack young 
cereal crops causing crown or root rot [3,4,38]. In the 
long run, removal of residues after harvesting as well as 
rotation programs with non-cereal crops is recommended 
to reduce inoculum levels [38]. The numerous pathogens 

infecting wheat could have a synergistic effect on FHB 
severity and result in a wide spectrum on mycotoxins. 
Additionally, infection of straw by Fusarium species may 
be a health risk of exposing livestock to Fusarium-re- 
lated mycotoxins when fed on hay, fodder or where straw 
is used as bedding material. 

All grain samples analyzed were contaminated with 
T2-toxin whose concentration varied from 3.5 to 23 ppb. 
The lowest mean T2-toxin levels (minimum 3.5 ppb) 
were detected in grain from agro-ecological zone LH3 
while the highest (maximum 14.4 ppb) were detected in 
grain from UH2 and UH4 in all the three areas surveyed. 
A recent study [26] showed that 86% of wheat grains 
sampled from different agro-ecological zones in Kenya 
were contaminated with T2-toxin. This toxin is one the 
major mycotoxins produced by F. poae [6], the most 
predominant species in the three districts. Fungal me- 
tabolites including mycotoxins pose serious threats to 
human and animal health [43]. Type A trichothecenes 
such as T2-toxin, HT-2 toxin, neosolaniol and diacetox- 
yscirpenol are more acutely toxic than type B trichothe- 
cenes such as deoxynivalenol, fusarenone-X and niva- 
lenol [36,44]. T2-toxin causes outbreaks of haemor- 
rhagic disease in domestic animals and is the causative 
agent of alimentary toxic aleukia. The toxin is also a 
teratogen and causes stillbirth, abortion and featal ab- 
normalities. T2-toxin targets the immune system causing 
changes in leukocyte counts, and depression of antibody 
formation. Exposure to the toxin also results in skin pain, 
nausea, weight loss, vomiting and diarrhea. Severe poi- 
soning results in prostration, weakness, ataxia, collapse, 
reduced cardiac output, shock and death [45]. Therefore, 
T2-toxin poses a threat to food and feed industries. More 
efforts including breeding for resistance, managing 
Fusarium spp. during different growth stages and re- 
moval of plant debris are required to reduce Fusarium 
infection and mycotoxin contamination. These interven- 
tions are necessary for increased yield and to reduce risk 
of chronic T2-toxin exposure to humans and livestock in 
the regions. 
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