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Abstract: Two near isogenic lines of wheat; Mercia 1 (Rht-B1b) and Mercia 2 (Rht-D1b) were evaluated for Type 1 and
Type II resistance using point or spray inoculation and incubated under controlled environment. The experiment was a
complete factorial combination of 2 x 4 x 2 x 4 {2 genotypes, 4 inoculation treatments (spray + Fusarium, spray + SDW, point
+ Fusarium, point + SDW) x 2 temperatures} and 4 randomised replicates. Wheat spikes were sprayed with a single spore
isolate of F. graminearum 4 days after the start of flowering and transferred to controlled environment cabinets set at either
23/15°C or 28/20°C for 14 days and then taken outside to mature. Results reveals that genotype showed no difference in FHB
severity in both spray inoculation and point inoculation but the temperature main effect only approached significance
(P=0.071) with low temperature increasing FHB severity following point inoculation. High temperature significantly
(P<0.001) increased DON concentration in spray inoculation, contrasted the effect in point inoculation. However, the amount
of DON per grain showed no significant (P>0.05) effect. Grains per spike was significantly (P<0.011) reduced by 25%
following spray when compared with point inoculation, but showed no significant (P>0.05) effect of temperature. On average,
Fusarium infection significantly (P<0.001) reduced wheat grain weight by 28% when compared with uninoculated control.

Keywords: Point, Spray, Inoculation, Mercia 1, Mercia 2, Fusarium graminearum, Type 1 Resistance, Type 2 Resistance

in suppressing disease development and DON accumulation.
[3] categorized the types or components of resistance as
follows: Type 1 (resistance to initial infection); Type II
(resistance to spread within the spike); Type III (resistance to
kernel infection); Type IV (tolerance infection) and Type V
(resistance to DON accumulation). Different inoculation
methods have been developed by researchers to distinguish
between these sources of resistance. However, spray
inoculation covers both Type I and Type II resistances, while
inoculation of spores in a single floret per head (point

1. Introduction

Two major dwarfing alleles Rht-B1b and Rht-D1b formerly
known as Rhtl and Rht2 respectively, derived from Norin 10
have been used in over half the World’s wheat crop [1]. In the
UK, the majority of recommended wheat cultivars contain
Rht-D1b after its first introduction in 1974 [2] and wheat
cultivars carrying Rht-D1b have been linked to higher
susceptibility to FHB. This is possibly due to the shortened
distance from the spike to infected crop debris [3]. The

resistance of wheat to FHB is a complex phenomenon due to
different factors that are involved in the infection [4].
According to [5], cultivars differ with the growth stage at
which they are most susceptible. However, of most importance
in susceptible genotypes is the likelihood of mycotoxin
production of which deoxynivalenol (DON) is of most concern
and in highly resistant genotypes resistance is the major factor

inoculation) estimates Type II resistance [6, 7]. Point
inoculation in FHB evaluation is a relatively stable method and
is less affected by environment in terms of disease
development [8]. [5] illustrated that some wheat lines could
have both Type I and Type II resistance present while others
could have only one type of resistance. Greenhouse evaluation
has mostly employed the point inoculation methods whereas
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for large scale breeding program, spray inoculation are mainly
used [9, 10]. [11] in their findings observed that Type I and
Type II resistance vary independently. Some authors [7, 9]
have identified the environment and interaction between
genotype and environment as important factors that influence
the method of inoculation.

As reported [12], screening for Type II resistance by point
inoculation is most consistent for assessing FHB severity
under controlled environmental conditions. It will therefore
be of interest to examine whether both inoculation methods
will maintain the same genotype ranking against FHB under
a small change in temperature as predicted under climate
change. This study was therefore aimed at comparing the
expression of FHB infection after spray and point inoculation
under temperature stress using two near isogenic lines (NILs)
of Mercia background differing in FHB resistance.

2. Materials and Methods

Near isogenic lines of Mercia 1 (Rht-B1b) and Mercia 2
(Rht-D1b) were compared using spray and point inoculation
of F. graminearum to evaluate tolerance to FHB under
temperature stress. Seeds were grown in 12.5-cm-diameter
pots filled with a 4:4:2:1 mixture of steam-sterilized 6mm
gravel, medium vermiculite, and 3 mm sharp sand and peat-
based potting compost. To supplement plant nutrition, 2kg of
Osmocote Pro 3-4 months (Scotts, UK) was added per cubic
metre of planting mixture. Pots filled with planting medium
were soaked overnight and five seeds of the different
cultivars or genotypes were sown on each pot at a depth of 2-
2.5cm and then thinned to three per pot at the three leaf stage.
Pots were then transferred outside and raised to a height of
approximately 10cm on bricks to allow free water drainage.
Pots were irrigated automatically through a drip irrigation
system twice daily. At the start of booting {Growth Stage
(GS); [13] first tillers were tagged so that they could be
identified spore inoculation. The plants were treated for
powdery mildew 82 days after sowing with Flexity
(300g/litre (25.2%w/w) metrafenone; BASF Plc, UK) at
0.51/ha. Fusarium inoculation was done at 4 days after start of
anthesis followed by heat treatment a day after. The
experiment was a complete factorial combination of 2 x 4 x 2
x 4 {2 genotypes, 4 inoculation treatments (spray -+
Fusarium, spray + SDW, point + Fusarium, point + SDW) x
2 temperatures and 4 randomised replicates}.

For the spray inoculation, the first tillers were sprayed with
Iml of 1 x 10°/ml spore suspension per ear using a hand
sprayer, while point inoculation used Iml of the Fusarium
spore suspension pipetted between the lemma and palea of
the middle floret. The corresponding control plants were also
treated accordingly using sterile distilled water. After
inoculation, both the inoculated and controls plants were
enclosed for 24 hours using clear polythene bags to increase
humidity and promote disease development and plants
subjected to heat stress treatment as earlier described.
Following spray inoculation, disease severity was measured
as the percentage of infected spikelet per spike while

following point inoculation; disease was measured as the
proportion of diseased spikelets per spike and relating them
to total number of spikelets of the respective spike [7].
Harvesting was done when the plants were fully senesced
and the grain below 15% moisture content. The spikes were
hand threshed carefully to avoid the loss of infected and
shrivelled kernels. From these kernels, different yield
parameters were determined. Total grain number per spike
was evaluated by counting the number of grains per spike
before separating the damaged kernels and expressing as a
percentage. Mean grain weight was evaluated by weighing
all grains in each spike and dividing by the total number of
grains and grain yield evaluated as the total weight of the
healthy grains. DON concentration of the extract was
analysed using Enzyme Linked Immunosorbent Assay
(ELISA) DON kits (Agra Quant, Romer Labs, Singapore Pte
Ltd) according to the manufacturer’s instructions. The DON
range of quantification was between 0.25 — 5.0ug/g. The
treatments were completely randomised in the micro titre
plates. Absorbance was measured at 450nm and a differential
filter of 630nm using a Multiskan Ascent plate reader. DON
concentration was calculated by reference to a standard curve
generated using the DON kit. All statistical analyses were
carried out using GenStat (GenStat® 13th Edition, VSN
International Ltd., UK). An analysis of variance (ANOVA)
was carried out to determine the effects of the treatments on
FHB severity, FDK, DON concentration, mean grain weight
and yield. Data did not require transformation as they were
normally distributed.

3. Results

Results obtained showed that genotype did not defer in
disease severity in both spray and point inoculation but the
temperature main effect approached significance (P=0.071)
(Fig. 1) only in point inoculation; with low temperature
increasing FHB severity. Conversely, both methods resulted in
similar disease severity in terms of percent infected spikelets.
There was significant (P=0.05) genotypic difference occurring
in FDK with Mercia 2 having higher percentage of FDK (Fig.
2). Following spray and point inoculation, DON concentration
showed no significant (P>0.05) main effect of genotype,
inoculation method or temperature, but the temperature x
method of inoculation was significant (P<0.001) (Fig. 3). Low
temperature increased DON concentration in point inoculation
while the DON concentration in spray pots was higher at high
temperature. However, both point and spray inoculation
resulted in a similar grain DON content in the harvest grains
regardless of the genotype or incubation temperature (Fig. 4a
& b). A significant effect (P<0.011) of method of inoculation
was detected in the grains per spike. Regardless of the
genotype and incubation temperature, spray inoculation
reduced the number of grains per spike by 25% compared to
point inoculation (Fig. 5). When compared with the
uninoculated control, higher grain reduction was obtained
under spray inoculation (38%) than point inoculation (20%).
Mean grain weight showed no significant (P>0.05) effect of
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temperature, genotype or method of inoculation, but on
average, Fusarium infection significantly (P<0.001) reduced
grain weight by 28% (Fig. 6).

23/15 28/20

Temperature (°C)

Figure 1. Effect of temperature applied at GL+5 on FHB severity of two
winter wheat genotypes; Mercia 1 and Mercia 2 following point inoculation
with F. graminearum and maintained in controlled growth conditions.

Figure 2. Percentage Fusarium damaged kernel of two winter wheat
genotypes; following point and spray inoculation with F. graminearum and
maintained at either 23/15°C or 28/20°C in controlled environment.

Figure 3. Effect of temperature applied at GL+5 on DON concentration of
two winter wheat genotypes; following point and spray inoculation with F.
graminearum and maintained in controlled environment.

Figure 4. Effects of temperature and method of inoculation on grain DON
content of two winter wheat genotypes (a) Mercia 1 and (b) Mercia 2. Wheat
spikes were either spray or point inoculated with F. graminearum and
maintained in controlled environment.

Figure 5. Effect of method of inoculation on number of grains per spike of
winter wheat genotypes, Mercia 1 and Mercia 2 following inoculation with
FE graminearum and SDW and maintained at either 23/15°C or 28/20°C in
controlled environment.
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Figure 6. Mean effects of inoculum on mean grain weight of two winter
wheat genotypes; Mercia 1 and Mercia 2, following point and spray
inoculation and maintained at either 23/15°C or 28/20°C in controlled
environment.

4. Discussion

Results of evaluation of Type 1 and Type 11 resistance in
the current study is consistent with other findings that mid-
anthesis is the most susceptible stage and temperature may
play significant impact on disease severity. An addition to
these findings was the possible effect of incubation
temperature of 23/15°C on DON concentration following
point inoculation. Whilst [9] reported that Type I and Type II
resistance might be governed by different loci which measure
different resistance reactions, [6, 14] associated major
resistance QTL for low FHB severity with low DON content
in wheat and barley. Longer duration of flower opening
experienced under low temperature might explain the higher
DON in point inoculation. Previous experiments showed no
temperature difference at inoculation at mid-anthesis, so the
difference observed in this experiment could be attributed to
the timing of temperature stress and may also be responsible
for the genotypic difference found in FDK. Stressing the
plants a day after inoculation may have had greater influence
on spray inoculation and particularly Rht-D1b; unlike in the
previous studies where pots were transferred into growth
cabinets days after inoculation. FDK is very important in
wheat breeding programmes as this is normally the preferred
parameter when evaluating wheat breeding lines for FHB
resistance [15]. As observed by [9], no genotype combines
different levels of both Type I and Type II resistance and
often the differences between both types of resistance are
marginally significant. This may explain the non-significant
genotype x method of inoculation interaction observed in all
the parameters. Number of grains per spike, grain weight and
grain yield were neither affected by genotype or temperature
but strongly influenced by the method of inoculation. This
suggests that the method of inoculation can be considered to
be more stable than either the incubation temperature or
genotype, as it affected the different parameters measured.
The higher grains lost recorded following spray inoculation

was expected and the reduction in grain weight which was
independent of the method of inoculation shows the
importance of both inoculation methods in FHB assessment.
Grain weight reduction as a result of FHB infection has been
found to relate negatively with FDK [16], and this is a strong
estimator of the presence of mycotoxin in wheat grains.

5. Conclusion

The susceptibility of wheat genotypes to Fusarium head
blight at 4 days after anthesis (mid-anthesis) regardless of the
associated dwarfing allele is an important factor in FHB
infection and was also confirmed in this work. Evaluation of
Type I and Type II resistance showed that Rht-B1b and Rht-
DIb did not differ in their susceptibility to DON
accumulation, but that the mechanism of resistance could be
influenced by temperature. Genotypic difference was only
observed in FDK and reemphasized the importance of FDK
in FHB rating. However, the observation of the stability of
Type II resistance under low temperature needs further
investigations to confirm whether the adverse effect of low
temperature as observed in the current study could be
replicated.
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