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ABSTRACT

Laboratory and green house experiments were carried out to evaluate the efficacy of fungicides, biological agents and
host resistance in managing FHB and the associated T-2 toxin. In vitro activity of fungicides and antagonists was de-
termined by paired culture method. Effect of microbial agents on FHB severity and mycotoxin content was determined
by co-inoculating F. graminearum and F. poae with Alternaria spp., Epicoccum spp. and Trichoderma spp. Fungicides
Pearl® (500 g/L carbendazim), Cotaf® (50 g/L hexaconacole), Thiovit® (micronised sulphur 80% w/w) and Folicur®
(430 g/L tebuconazole) were the standard checks. Host resistance was determined by inoculating F. poae and F.
graminearum to four wheat cultivars and fifteen lines in pot experiments. Fungicides resulted in 100% inhibition of
pathogen radial growth in in vitro while microbial agents suppressed pathogen growth by up to 53%. Thiovit® and
Trichoderma were the most effective in reducing FHB severity in green house pot experiments. The wheat cultivars and
lines varied in susceptibility with cultivar Njoro BW Il showing least susceptibility while line R1104, cv. Mbuni and cv.
KIBIS were most susceptible. All the wheat cultivars and lines accumulated T-2 toxin by up to 5 to 28 pg/kg. The re-
sults indicated that neither fungicides nor antagonists can solely be relied on in managing FHB and toxin accumulation.
Therefore, integration of biocontrol agents, fungicides and further breeding efforts to improve lines and cultivars with
promising resistance to FHB and T2-toxin contamination is recommended.
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1. Introduction application and masking control of one Fusarium species
by the subsequent growth of another species [10-12]. The
most susceptible growth stage of wheat to FHB is anthe-
sis and residue concerns regarding the use of fungicides
late in crop development lessen their attractiveness [13,
14]. The most promising option for managing FHB re-
mains breeding for resistance [15]. Although there have
been advances in breeding for resistance, all wheat culti-
vars currently in production are susceptible to the disease
[15,16]. However, some cultivars have useable levels of
partial resistance that limit yield loss and mycotoxin ac-
cumulation [17,18].

Additionally, there have been efforts to identify bio-
logical antagonists, which could be used in integrated
pest management strategies [19,20]. Biological control of
pathogens responsible for FHB holds considerable prom-
ise and entails treatment of crop residues with antago-
nists to reduce pathogen inoculum [21] and wheat heads
at anthesis to reduce infection [22,23]. Biological control
*Corresponding author. of FHB is attractive since it is environmentally benign,

Fusarium head blight (FHB) of wheat and other small
grain cereals is caused by a complex of Fusarium spp.
resulting in decreased yield, bleached and shrunken ker-
nels and decreased seed quality [1,2]. The disease also
leads to accumulation of mycotoxins that have adverse
effects on human and animal health [3,4]. In wheat, the
major mycotoxins associated with the disease are tricho-
thecenes (T-2 toxin, deoxynivalenol and nivalenol) as
well as zearalenone and fumonisins [4,5]. Trichothecenes
are involved in inhibition of the host resistance reactions
[6,7].

Management of FHB and the associated mycotoxins
have been based on strategies such as host resistance, use
of biological agents, tillage, seed treatment, crop rotation
and fungicides [8-10]. Control of FHB using fungicides
has provided inconsistent results due to the complexity of
causal organisms, influence of N-fertilization, timing of
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compatible with other control measures, and durable. In
previous studies, various fungal and bacterial microbes
have shown potential as biocontrol agents in the man-
agement of FHB. Such antagonists include Clostachys
rosae, Phoma betae and Pseudomonas fluorescens among
others [19,20,22,24]. This study was carried out to evalu-
ate the efficacy of various management strategies—fun-
gicides, biological control and host resistance—of FHB
of wheat and the associated T2-toxin.

2. Materials and Methods
2.1. Preparation of Inoculum and Inoculation

Inoculum of 10 highly pathogenic F. graminearum and F.
poae isolates was multiplied in mung bean broth [25].
Forty grams of mung bean was cooked in 1000 mL of
sterile distilled water for 40 minutes which was then
cooled and the extract sieved using double layer cheese-
cloth. A hundred milliliters of the extract were auto-
claved in 250 mL conical flask at 121°C for 20 minutes.
After cooling, two agar discs of the pathogen were placed
in each conical flask and the suspension was incubated
on mechanical shaker (40 - 50 cycles-min™) for 5 days
followed by 7 days under stationary conditions. The fun-
gal growth was macerated in a blender and sieved through
double layer cheese cloth. Spore concentration was ad-
justed to 1 x 10° spores/mL using a haemocytometer. A
mixed inoculum was obtained by mixing suspension of
different isolates of F. graminearum and F. poae and
applied to wheat ears in the greenhouse at flowering

stage (GS 65) [26]. Epicoccum, Alternaria and Tricho-
derma spp. were grown on potato dextrose agar (PDA)
for 14 days at 25°C in cycles of 12 h daylight and 12 h
darkness. Spores of the antagonists were harvested by
flooding the cultures with sterile distilled water and
sieved through a double layer of cheese cloth. The fungal
inoculum was adjusted to 1 x 10° spores/L using haemo-
cytometer.

2.2. In Vitro Screening of Antagonists against
FHB Pathogens

Epicoccum spp, Trichoderma spp, Penicilium spp. and
Alternaria spp. were screened for antagonism to F.
graminearum and F. poae isolates in culture by paired
cultures method, where F. graminearum and F. poae
agar discs were inoculated at the middle of plate and the
antagonist placed at four equidistant points 2 cm from the
edge of the plate. Fungicides Pearl® (500 g/L carben-
dazim), Cotaf® (50 g/L hexaconacole), Thiovit® (mi-
cronised sulphur 80% w/w) and Folicur® (430 g/L tebu-
conazole) at the rates of 1 mL/L, 5 mL/L, 2 g/L and 1
mL/L, respectively, were used as standard checks. Fo-
licur® was only included in the in vitro assays. Negative
controls consisted of F. graminearum and F. poae each
cultured alone. Each treatment was replicated four times
and the plates incubated at 25°C for 7 days in cycles of
12 h daylight and 12 h darkness. Degree of antagonism
was determined by measuring the antagonist colony di-
ameters and percentage inhibition calculated as follows:

Colony diameter of Pathogen — [Colony diameter of the pathogen + Antagonist]

Inhibition (%) =

2.3. Determination of Efficacy of Fungal
Antagonists and Fungicides against
Fusarium Head Blight

Trichoderma, Alternaria and Epicoccum species found to
be effective antagonists to F. graminearum and F. poae
in vitro were evaluated for potential reduction of FHB
and T-toxin accumulation under green house conditions.
Fungicides Pearl® (500 g/L carbendazim), Cotaf® (50 g/L
hexaconacole) and Thiovit® (micronised sulphur 80%
w/w) that are normally used in managing other fungal
diseases in wheat were also evaluated for potential re-
duction of FHB and T2-toxin under green house condi-
tions. Highly and lowly susceptible wheat cultivars namely
Mbuni and Njoro BW |1, respectively were planted and
replicated four times in greenhouse. Inoculation was
done at 50% flowering (GS 65) [26].

Treatments consisted of spraying the ears with Tricho-
derma; Alternaria and Epicoccum spp. together with F.
graminearum and F. poae, F. graminearum and F. poae
together with Pearl®, Cotaf® and Thiovit® fungicides at
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Colony diameter of Pathogen alone

the rates of 1 mL/L, 5 mL/L and 2 g/L, respectively and
F. graminearum and F. poae alone. Control plants were
sprayed with fungicide alone or sterile distilled water.
The antagonists and fungicides were sprayed two days
before and after inoculation with F. graminearum and F.
poae. Inoculation with a mixture of F. graminearum and
F. poae was repeated 6 days after the first inoculation.
Each treatment was replicated four times and arranged in
randomized complete block design. The treated heads
were covered with polythene bags for 48 hrs to maintain
high relative humidity conducive for infection.

2.4. Evaluation of Wheat Lines for Susceptibility
to FHB

Wheat seeds of fifteen lines and four cultivars were ob-
tained from the National Plant Breeding Research Station
of the Kenya Agricultural Research Institute (K. A. R. 1),
Njoro. The cultivars included KIBIS, Mbuni, Njoro BW |
and Njoro BW Il while the lines were R1098, R1107,
R1111, R1112, R1114, R1115, R1119, R1121, R1100,
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R1128, R1130, R1101, R1104, R1105 and R1106.
Twenty seeds per pot (@ 20 cm) were planted in forest
soil/farm yard manure medium (2:1 v/v) and grown out-
side the greenhouse until flowering to simulate field con-
ditions. The plants were fertilized at different growth
stages using urea (46% N) 5 g per pot after emergence,
N-P-K 5 g per pot at tillering, urea (46% N) 5 g per pot at
booting. Foliage pests were controlled as required using
Danadim® (dimethoate) applied at 2.5 mL/L. The flow-
ering dates for the different varieties and lines were syn-
chronized by early and late planting of late maturing and
early maturing varieties/lines, respectively. The wheat
ears were spray-inoculated with a mixture of F. grami-
nearium and F. poae spore suspension at 50% flowering
(GS65) [26], ensuring that all the spikelets were exposed
to the inoculum. Ears of control plants were sprayed with
sterile distilled water. Each treatment was replicated four
times. The ears were covered with polythene bags for 48
hrs to maintain high relative humidity for infection. The
experiments were conducted in two greenhouse cropping
cycles.

2.5. Fusarium Head Blight Assessment

In each pot, ten average-sized ears were selected and
tagged for FHB and grain weight assessment. Fusarium
head blight severity was assessed visually after every
seven days until yellow ripening based on a 1 - 9 scale
(Miedaner, 1997): 1 = no symptoms; 2 = <5%; 3 = 5% -
15%; 4 = 16% - 25%; 5 = 26% - 45%; 6 = 46% - 65%); 7
= 66% - 85%; 8 = 86% - 95%; 9 = 96% - 100% of spike-
lets bleached. The area under the disease progress curve
(AUDPC) was calculated from the disease severity [27]:

AUDPC = i[(m1 +Y) ][ (t —t) ]

where, Y;is the visual score of FHB symptoms at the ith
observation date and t; is the time (days) at the ith obser-
vation, n is the total number of observations. At maturity
the ears in each pot ten ears were harvested and threshed
separately to determine the total grain weight per pot and
grain weight for the ten ears assessed for FHB. Kernel
infection with F. graminearum and F. poae in the har-
vested grain was determined by plating 100 kernels for
each treatment on PDA medium.

2.6. T-2 Toxin Analysis

Concentration of T-2 toxin in wheat grains was analyzed
by direct competitive Enzyme-Linked Immunosorbent
Assay (ELISA) [28,29]. Each sample was homogenized
and 100 g sub-sample ground to fine powder. Five grams
of the ground sample was extracted with 25 mL of me-
thanol: water (70/30 v/v) for T-2 toxin. The extract was
de-fatted with 10 mL hexane, and 4 mL of the methano-
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lic layer was diluted to 10% using phosphate buffer solu-
tion. The methanolic extract was diluted with an equal
volume of distilled water. A commercial kit (Ridascreen,
r-Biopharm, Germany) was used and the ELISA proce-
dure performed following the manufacturer’s recom-
mendations. Absorbance was determined using the spec-
trophotometer ELISA reader (Uniskan I, Finland) at 450
nm. A calibration curve for the standards for each toxin
dilution was plotted using log 10 of standards concentra-
tion against the percentage inhibition of the standards.

2.7. Data Analysis

All data were subjected to analysis of variance (ANOVA)
using the PROC ANOVA procedure of Genstat (VSN
International limited, 2008 edition I1). Differences among
treatment means were separated using the Fisher’s pro-
tected LSD test at 5% probability level. Where necessary,
data was transformed to square root using the formula;
=SQT(n + 0.5), where: n is the number of observations
and SQT is square root and 0.5 is a constant.

3. Results

3.1. In Vitro Activity of Biological and Chemical
Agents against FHB Pathogens

All the fungicides reduced the radial growth of colonies
of both F. poae and F. graminearum by 100%, but the
microbial agents differed significantly (p < 0.05) (Table
1). However, the fungicides were significantly (p < 0.05)
more effective in reducing the colony diameters than the
biological agents. Epicoccum and Penicillium spp. had
the highest and lowest colony growth reductions for F.
poae, respectively while Trichoderma had the greatest
inhibitory effect on F. graminearum compared to Peni-
cilium which had 24% reduction in colony growth.

3.2. Effectiveness of Antagonists and Chemical
Agents in Reducing FHB

Disease severity increased over time on all the treatments

Table 1. Average percentage colony diameter reduction of F.

poae and F. graminearum by different competitive fungi and
fungicides.

Organism/Fungicide F. poae F. graminearum
Trichoderma 62.6 53.4
Epicoccum 64.9 45.7
Alternaria 60.1 49.3
Penicilium” 21.8 24.8
Thiovit® 100.0 100.0
Folicur® 100.0 100.0
Cotaf® 100.0 100.0
Pearl® 100.0 100.0

“Significantly different (p < 0.05) within columns.
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for both cultivars Mbuni and Njoro BW Il (Table 2).
There were significant (p < 0.05) differences in FHB se-
verity only on the seventh day after inoculation for cv.
Mbuni but for cv. Njoro BW II, there were significant (p
< 0.05; n = 40) differences over the disease assessment
period among all the treatments. The highest FHB sever-
ity reduction of up to 76% and 69% was observed on cv.
Njoro BW Il treated with Epicoccum and Thiovit®, re-
spectively.

Trichoderma and Thiovit® were the most effective an-
tagonist and fungicide, respectively in reducing FHB
severity on cv. Mbuni. Fungal mixture of the antagonists
was not effective (p < 0.05) in reducing the disease com-
pared to the control. On the other hand, Epicoccum and
Thiovit® had the highest average disease severity reduc-
tion on cv. Njoro BW 1I. The area under disease progress
curve (AUDPC) was significantly (p < 0.05) different
among the treatments for cultivars Mbuni and Njoro BW
Il (Table 3). The highest and lowest AUDPC of 561 and
416 on cv. Mbuni treated with Pearl® and Trichoderma,
respectively. For cv. Njoro BW I, treatment with Pearl®
and Epicoccum resulted in the highest and lowest AUDPC
of 545 and 295, respectively. However, treatment with

Table 2. Disease severity rating over time on wheat ears (cv.
Mbuni and cv. Njoro BW I1) inoculated with F. poae and F.
graminearum.

Days after inoculation
7 14 21 28 35

Organism/Fungicide

A. Mbuni
Alternaria 16 24 40 45 46
Fungal mixture 27 30 37 42 43
Trichoderma 1.7 21 30 37 39
Epicoccum 15 24 32 38 41
Cotaf® (50 g/L hexaconacole) 31 34 35 39 41
Pearl® (500 g/L carbendazim) 27 31 37 42 44
Thiovit® (micronised sulphur 80% w/w) 2.3 24 35 38 4.1
Water 26 3.0 37 43 45
LSD <o005) 07 NS NS NS NS
B. Njoro BW II
Alternaria 20 24 27 35 38
Fungal mixture 28 32 36 39 4.2
Trichoderma 19 23 26 32 35
Epicoccum 14 18 23 24 28
Cotaf® (50 g/L hexaconacole) 24 28 31 35 38
Pearl® (500 g/L carbendazim) 28 32 24 39 43
Thiovit® (micronised sulphur 80% wiw) 1.7 23 30 34 35
Water 11 12 16 18 20
LSDg<o0s) 06 07 08 10 10

LSD: least significant difference; NS: Not significant.
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mixture of fungal antagonists resulted in the highest
AUDPC of 553. None of the antagonistic fungi and fun-
gicides significantly increased the 10-ear and total grain
weight for both cultivars Mbuni and Njoro BW 1. Alter-
naria and Epicoccum were the least and most effective
antagonists in reducing F. graminearum kernel infection
in cv. Mbuni, respectively. This compared favourably
with fungicide Thiovit® which resulted in 8% reduction
in kernel infection with F. graminearum. There were
significant (p < 0.05) differences in reduction of kernel
infection with F. graminearum among the fungicides and
antagonists. However, neither the antagonists nor the
fungicides resulted in significant (p < 0.05) reduction of
F. poae infection on both cultivars Mbuni and Njoro BW
.

3.3. Susceptibility of Wheat Lines to FHB and
T-2 Toxin Contamination

All the wheat cultivars and lines tested were susceptible
to F. poae and F. graminearum although there was vari-
ability in susceptibility levels (Table 4). Cultivars KIBIS
and Njoro BW | were the most and least susceptible, re-
spectively. There were significant (p < 0.05) differences
in AUDPC among the lines and cultivars inoculated with
F. poae. Standardized area under disease progress curve
(AUDPC) was highest in line R1104 and lowest in Njoro
BW Il. Inoculation with a mixture of F. graminearum
and F. poae to line R1098 reduced 10-ear grain weight
by up to 50% compared to 26% on line R1104. Fusarium
poae and F. graminearum were re-isolated in all the lines
and cultivars. The highest re-isolation frequency of up to
90% for F. poae was observed on cv. Njoro BW Il while
the lowest re-isolation of 50%, was on line R1105. How-
ever, cv. Mbuni had the highest kernel infection with F.
graminearum. All the cultivars and lines tested were con-
taminated with T-2 toxin at concentration levels varying
from 4.9 to 27.8 ppb. Kernels from line R1098 had the
highest T-2 toxin levels while line R1114 had the lowest
contamination.

4. Discussion

All fungicides and microbial agents suppressed FHB but
did not completely control the disease. In vitro activity of
fungicides completely inhibited the growth of F. grami-
nearum and F. poae. Riungu et al. [30] found that Cop-
per oxychloride® and Folicur® completely suppressed the
growth of F. graminearum in vitro. However, under field
conditions, fungicides have low efficacy levels and hence
the efforts to seek alternative FHB management strate-
gies. Under greenhouse conditions, none of the fungi-
cides completely controlled the FHB pathogens but only
suppressed them concurring with earlier findings [31-33].
Use of fungicides in the management of FHB has been
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Table 3. Disease severity rating, grain weight (g), AUDPC and percentage re-isolation of F. poae and F. graminearum on cv.

Mbuni and cv. Njoro BW I1.

Re-isolation frequency (%)

Organism/Fungicide  Disease severity (%) AUDPC 10 ear weight Grain weight/pot -
F. graminearum F. poae
A. Mbuni
Alternaria 3.0 511.5 4.4 12.9 50.3 25.2
Fungal mixture 3.1 552.8 34 9.2 20.7 447
Trichoderma 2.6 416.3 34 8.2 16.7 47.8
Epicoccum 2.7 437.7 41 10.1 9.3 52.1
Cotaf® 3.2 561.2 2.8 105 26.9 49.0
Pearl® 3.2 561.9 2.3 6.0 8.3 38.6
Thiovit® 2.8 480.4 44 10.2 32.0 42.9
Water 3.2 5535 35 8.2 11.7 38.0
Untreated 1.0 105.0 4.7 116 0.1 2.9
LSDg<o0s) 0.4 89.0 NS NS 1.0 NS
B. Njoro BW 11

Alternaria 2.6 418.8 4.3 12.7 333 27.2
Fungal mixture 31 543.2 3.2 9.5 11.0 26.7
Trichoderma 24 384.8 2.7 7.4 34.7 20.0
Epicoccum 2.0 295.2 3.0 6.8 14.0 40.0
Cotaf® 2.8 470.4 2.8 9.5 16.5 43.1
Pearl® 31 545.1 3.3 11.3 15 66.7
Thiovit® 25 406.5 3.3 10.1 9.8 37.3
Water 14 185.7 3.3 8.8 8.7 45.3
Untreated 1.0 105.0 7.1 17.3 8.3 41.3
LSDg<o0s) 0.3 81.8 2.4 5.1 11 NS

LSD: least significant difference; AUDPC: area under disease progress curve.

shown to be at most 77% and 89% effective in reduction
of disease severity and mycotoxins content, respectively
[32]. Additionally, efficacy of fungicides in managing
FHB is highly variable and often unsatisfactory. This
variability is related to the complex interactions between
water, temperature, fungicide concentration and the time
of inoculation [34].

Microbial agents in the current study did not com-
pletely reduce FHB contrary to the report by Kolombet et
al. [35]. Among the antagonists, Trichoderma had the
highest colony reduction of test pathogens in vitro. How-
ever, using Trichoderma as the antagonist there was a
greater reduction in the colony diameter of F. poae com-
pared to F. graminearum. This could be attributed to rep-
ression of expression of the Trichoderma chitinase gene
nagl-gox—which contributes to biocontrol activity—by
DON, the major mycotoxin produced by F. graminearum
[36]. This could also be a possible explanation for the
lowest grain yield per pot treated with Trichoderma sp.
However, this was in contrast with the findings by Ri-
ungu et al. [30] who reported that Trichoderma reduced

Copyright © 2012 SciRes.

FHB severity and increased grain yield. Diamond and
Cooke [37] reported a 60% reduction in FHB symptoms
relative to control treatment after 25 days on ears pre-
inoculated with the biocontrol agent Phoma betae and
challenged with F. culmorum.

After treatment of wheat with the antagonists, the re-
isolation frequency of F. graminearum was lower than
for F. poae. Considering that the plants had been inocu-
lated with composite inoculums of the two pathogens
with equal number of conidia, differences in re-isolation
frequency could be due to variability in competitive abil-
ity of the fungal isolates and species [38,39]. However,
among the biological agents, treatment with Alternaria
resulted in the highest F. graminearum re-isolation fre-
quency while treatment with Epicoccum resulted in the
lowest. This implies greater antagonism of F. graminea-
rum from Epicoccum compared to the other biological
agents. High antagonism of Epicoccum against F. grami-
nearum has been reported by other researchers [40,41].

All tested wheat lines and cultivars were found to be
susceptible to FHB concurring with the findings of other
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Table 4. Disease severity, standard AUDPC, grain weight, re-isolation frequency (%) of F. poae and F. graminearum and T-2

concentration (ppb).

Re-isolation (%)

Cultivar/line Disease Severity>  Std AUDPC 10 ear grain wgt Grain wgt (g)/pot T-2 Toxin
F. poae F.gra
KIBIS 6.0 175 7.6 23.3 15.2 70.7 4.0
Mbuni 4.4 131 8.7 26.3 18.8 63.8 20.0
Njoro BW | 1.7 4.7 5.7 20.8 18.1 81.7 0.0
Njoro BW 11 3.6 10.1 6.5 25.6 19.7 90.6 1.6
R1098 5.3 151 12.2 38.9 18.3 72.9 7.6
R1107 49 13.7 115 34.9 19.7 67.3 6.7
R1111 45 121 12.1 36.6 17.0 60.0 4.8
R1112 2.2 6.1 5.6 211 240 69.7 15
R1114 6.2 17.9 10.0 29.1 49 56.7 10.7
R1115 2.3 6.1 4.9 21.2 23.6 60.4 4.5
R1119 4.8 13.7 124 355 21.3 64.2 10.8
R1121 35 9.6 6.0 26.3 27.8 68.3 21
R1100 4.9 15.1 13.0 39.7 16.6 62.8 11.7
R1128 54 19.6 11.8 385 16.9 55.2 0.7
R1130 5.8 20.7 10.3 34.2 17.6 66.0 2.0
R1101 4.7 13.3 12.2 325 12.5 51.7 19.2
R1104 6.4 234 11.3 38.8 22.8 51.7 6.0
R1105 5.9 17.0 15.6 33.0 17.6 50.3 10.7
R1106 5.6 15.2 11.2 42.1 16.3 71.0 6.9
LSD( <005 0.6 15 39 9.2 15 0.6
Cv (%) 1.2 0.9 0.9 0.4 2.2 5.2

Values are means of FHB severity taken weekly until 35 days post-inoculation; LSD: least significant difference; Cv: Coefficient of variation; F. gra: F. grami-

nearum.

researchers [42-44] who found all cultivars grown in
Kenya were susceptible to FHB. However, cv. Njoro BW
I was found to be the least susceptible to FHB, a finding
consistent with that of Muthomi et al. [44] who described
the cultivar as tolerant. Further breeding to improve re-
sistance of the cultivar to FHB could be desirable. De-
spite the low susceptibility level of cv. Njoro BW I, it
had the lowest grain weight per pot. Lack of consistency
in the two parameters could be attributed to the fact that
some wheat cultivars or lines are susceptible to FHB but
can tolerate the disease with minimal effect on vyield.
Differences in host susceptibility to FHB could be due to
inherent genetic resistance factors [15,38].

Host resistance has long been considered the most
practical and effective means of FHB management. How-
ever, breeding has been hindered by lack of effective
resistance genes and by the complexity of the resistance
in identified sources [45]. Additionally, development of
resistant cultivars has been slowed down by poorly
adapted and incomplete resistance sources and con-
founding environmental effect that make screening of
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germplasm difficult [46]. No source of complete resis-
tance is known in the world, and current sources provide
only partial resistance or tolerance to FHB [17,18,45].
The challenge is further compounded by the fact that the
best regionally adapted and highly productive cultivars
are susceptible to the disease [47,48]. Despite lack of
totally resistant wheat genotype in the world today, there
is hope in breeding initiatives particularly exploiting the
Chinese spring variety Sumai3 and its derivatives, which
carry the most effective resistance quantitative trait loci
(QTL) Fhbl and Qfhs.ifa-5A [46-48].

All tested wheat lines and cultivars were found to be
susceptible to T-2 toxin contamination with the concen-
tration varying from 5 to 28 ppb. High T2-toxin con-
tamination levels of different lines and cultivars shows
lack of resistance to Fusarium in Kenya wheat germ-
plasm. T-2 toxin is one the major mycotoxins produced
by F. poae and is known to pose serious threats to human
and animal health [49]. T-2 toxin inhibits protein synthe-
sis, which is followed by a secondary disruption of DNA,
and RNA synthesis. It affects the actively dividing cells
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such as those lining the gastrointestinal tract, skin, lym-
phoid, and erythroid cells. The toxin can decrease anti-
body levels, immunoglobulins and certain other humoral
factors. The effects include weight loss or poor weight
gain, bloody diarrhea, dermal necrosis or beak lesions,
hemorrhage and decreased production [50]. Contamina-
tion of wheat grains from commercial wheat cultivars
and lines under test with T-2 toxin poses a threat to food
and feed industry. Past research has shown that the most
promising and effective strategy of managing FHB and
the associated toxins is by the use of varieties that resist
mould growth and mycotoxin production [51-53]. There-
fore, further breeding efforts are required to improve
lines and cultivars with promising resistance to FHB and
T2-toxin contamination. Where fungicides and/or bio-
control products are applied, proper timing and applica-
tion are critical. Integrated approach of managing FHB of
wheat is recommended.
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