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Abstract: Wheat yellow rust disease caused by Puccinia striiformis f. sp. tritici is one of the most feared and wheat
production bottlenecks in the highland areas of Ethiopia. Field experiment was conducted to assess wheat yield losses caused
by Puccinia striiformis f. sp. tritici based at optimal frequency of fungicide with wheat varieties for the control of stripe rust at
hotspot environments of Meraro and Bekoji, experimental stations in Arsi zone in 2017 main cropping season. Results revealed
that there was direct linkage between the disease level and the yield loss in the most common commercially adopted bread
wheat varieties. There was varying resistance level among different wheat varieties. The extensively cultivated wheat variety,
Wane was found to be most resistant with minimum yield loss of 22.9 to 39.7% followed by Lemu and Danda’a with yield loss
of 48.7to 56.5% and43.3 to 57.5% at Bekoji and Meraro respectively. While Kubsa, proved to be the most susceptible wheat
variety with maximum yield loss of 91.5 to 96.7% at Bekoji and Meraro respectively. Therefore, it is advisable to use resistant
varieties with appropriate fungicides with optimal frequency in order to reduce yield loss and get comparable yield advantage
by reducing the incurring of wheat stripe rust in wheat farms.
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stripe rust epidemic, nil disease, trace of disease or moderate
disease, on wheat cultivars which differed in susceptibility to
the disease. The fungicides were also measured disease
severity and host reaction. The mean area under the disease
progress curve (AUPDC) of flag leaves of the susceptible
cultivar was reduced by 65% and for the moderately
susceptible cultivar was reduced by 41-50% after the
application of the fungicides respectively [6]. The more
resistant cultivars had very low AUDPCs and would
probably not benefit from an application of fungicide to
control stripe rust, unless the pathotype present was highly

1. Introduction

Stripe rust of wheat is one of the most important fungal
diseases of wheat and the major production bottleneck in the
major wheat producing regions of Ethiopia [1] Arsi and Bale
regions of the country are the known hotspots for the
epidemics of stripe rust of wheat [2] Even though there is
seasonal variability in the occurrence of stripe rust in Arsi
and Bale highlands, the main and long rainy season is ideal
for stripe rust development [3].

Yellow rust can cause yield losses of up to 58% on

susceptible cultivars if infection occurs very early in the crop
development stage and the disease continues to develop
during the growing season [4]. Grain yield loss of 71% has
been recorded on susceptible bread wheat variety Wabe in
Bale [5]. Stripe rust also reduced the germination ability and
kernel weight of Dashen by 72 and 56% respectively [4].
Foliar fungicides were applied at different stages of a

virulent against these cultivars [7]. Fungicide tests in Kenya
showed 50% higher yield in the treated versus the untreated
plots [8]. Timely application of fungicides -effectively
prevented yield losses and further spread of the disease to the
wheat production regions, and potentially huge nationwide
yield loss was avoided through use of fungicides [9]. The use
of chemicals had helped in significantly reducing crop loss
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during the 2010 yellow rust epidemic [2]. All the current
commercial wheat cultivars in East Aftrica are susceptible to
the new race and it is not possible to grow a profitable crop
of wheat without the application of fungicides [8]. Due to
variable environmental conditions and new race formation
much of studies focus on fungicide efficacies and yield losses
of susceptible cultivars, but yield losses and fungicide
frequencies with response to bread wheat varieties are yet
studied. Hence, the present investigation was carried out to
study yield losses caused by stripe rust disease in relation to
bread wheat varieties.

2. Materials and Methods

The Field experiment was undertaken under two rain fed
Kulumsa Agricultural Research Center sub-stations, Bekoji
and Meraro in Arsi highlands of South Western Ethiopia
during 2017 main cropping season.

2.1. Description of Study Sites

Bekoji substation is located at 07° 32'37" N, 39° 15' 21"E
and at 2780 meters above sea level (m. a. sl). It receives
mean annual rainfall of 1020 mm representing highland &
high rainfall agro ecology. The monthly mean minimum and
maximum temperature is 7.9 and 18.6 °C, respectively. The
dominant soil type is Clay soil (Nitosols) which is slightly
acidic (Soil pH=5.0). Meraro substation is located at 07° 24'
27"N, 39° 14'56"E and 2990 masl. Its average annual rainfall
is 1196 mm representing extreme highland & frost prone
agro ecology. The minimum and maximum temperature is
5.7 and 18.1°C, respectively. The dominant soil type is Clay

soil (Nitosols) which is similar as Bekoji’s soil type [10].
Both locations represent major wheat-growing and yellow
rust prone areas in the highlands of Arsi. They are also
characterized by bimodal rainfall, the short rainy season
extending from March to May and the main rainy season
from June to September.

2.2. Treatments and Experimental Design

The experiment was laid out in randomized complete
block design (RCBD) in factorial arrangement with three
replications. Four bread wheat varieties, released from
Kulumsa Agricultural Research Center KARC namely
Kubsa, Wane, Danda’a and Lemmu, were used. These
varieties were selected based on their response to stripe rust
with Kubsa being susceptible, Danda moderately susceptible,
Lemmu moderately resistant and Wane resistant respectively.
Wheat varieties were planted at the recommended rate of 150
kg seed ha-1 to six rowed plots of 2.5m length and 1.2m
width with 20 cm inter-row spacing. The gaps between plots
and replications were Im and 1.5m, respectively. Spreader
rows (Highly susceptible varieties) consisting of a mixture of
different susceptible bread wheat varieties were bordered in
each rows in order to ensure uniform spread of inoculums
and sufficient disease development.

Wheat plots were sprayed with recently registered and
widely used fungicides viz. Rex” Duo (Epoxiconazole +
Thiophanate-methyl) and Tilt 250EC*(propiconazole) at 0.5
L product ha-' to maintain disease free wheat plants enabling
us to compare wheat yield in diseased and disease free
experimental units.

Table 1. Fungicides used in trials to bread wheat varieties.

Common name Trade name

Active ingredient

Application rate (litres ha™)

Propiconazole Tilt
Epoxiconazole + Thiophanate-methyl Rex® Duo

25EC at 0.1% con. 0.5
Epogsikonazol (187g/1), thiofan methyl (310g/1) 0.5

The fungicides were applied three times including Control
(0+2) with an interval of 15 days starting from disease
appearance when spreader varieties were reached 20 percent
disease severity. Treated plots were applied with frequently
sprays of once and twice in which the sprays were done first
and 16 days, respectively after the appearance of stripe rust
symptoms. During fungicide sprays, plastic sheets were used
to separate the plot being sprayed from the adjacent plots and
unsprayed plots, of each variety were also included. The
effect of fungicide sprayed at different disease levels, plant
reached to maturity was also studied. Observations on yellow
rust severity were estimated according to modified Cobb’s
scale [11]. Recommended rate of fertilizer (41 kg ha™ N and
46 kg ha™ P,Os) was applied during planting time. Proper
fertilizer application and control of insect-pests, and weeds
were controlled three times by hand weeding.

2.3. Data Collected

Data was recorded on plot and single plant basis in which
plot basis data was taken from the central four rows (2 m” net

areas) of the plot. On the other hand, individual plant based
data was also taken from ten plants in each plot taken
randomly from the central four rows of each plot, and means
of the 10 plants were used for data analyses. Yellow rust
severity, estimated as proportion of the tissues of a plant
affected by the disease, was recorded four times at 15 days
interval from the stripe rust levels on spreaders rows of
Morocco reached 20% severity of symptom appearance to
physiological maturity of the crop, using the modified Cobb’s
scale (Peterson et al., 1948) which was used to determine the
percentage of possible tissue rusted and evaluated from 1%
to 100%, by assessing 10 randomly pre-tagged plants, and
the response of individual plants were recorded. During
disease assessment, the growth stage of the crop was
recorded to observe onset and progress of the disease in
relation to wheat phenology. Crop growth stage was assessed
based on the decimalized key developed by [12].

Disease severity: Relative or absolute area of plant tissue
affected by disease in relation to the total area.
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Area of plant tissue infected

Disease Severity = (1)

Total area of the plant part examined

Percent Severity intreated plot—percent severity in untreated plot

The percent rust severity control was calculated by the
following formula:

Percent Disease Contrlo = (

Disease incidences: Proportion of plants (or plant units),
the number of diseases out of N-plants (or plant units
observed).

. o No.of diseased plants
Disease incidence = P

Total No.of plants examined X100 (3)

The final disease severity data for the stripe rust was
converted into a coefficient of infection (CI) by multiplying
severity with a constant value for field response [13-15]. The
area under disease progress curve (AUDPC) was calculated
for individual plants using the CI values from the original
rust severity data by using the following formula as
suggested by [16].

AUDPC= Y7105 (xi+1+xi)(ti+1—t) (4

where, xi=the average coefficient of infection of ith record,
Xi+1=the average coefficient of infection of i+1th record and
t i+1 - ti=Number of days between the ith record and i+1th
record, and n=number of observations. The minimum and
maximum limits of AUDPC were 1 to 199, 200 to 399,400 to
599 and 600 to soon, which were categorized under resistant
(R), moderately resistant (MR), (MS) to susceptible (S)
respectively. Yield and yield related components were
recorded on the middle four rows of each experimental unit.

Number of grains per spike (NG): The number of grains of
the main tillers of each of the ten randomly taken plants for
each experimental were recorded and the average of the ten
plants will be used for analysis.

Thousand Seed weight (TSW) (g): The weights of
thousand seeds were determined by carefully counting the
grains, adjusting to 12.5% moisture content and weighing
them using sensitive balance.

Hectolitre weight (HLW) (g/hL): - Grain weight of one-
litter volume (random sample) was estimated for each
experimental unit by following standard procedure [17] and
the result will be converted to g/hL.

Grain yield (GY) (kg): Grain yield in g/plot at 12.5%
moisture content was recorded and converted to kg/hectare.

percent severity in untreated check

) x 100 )

Grain yield loss estimation

The relative losses in yield and yield component of each
variety were determined as a percentage of that of the
protected plots of the respective variety. Losses were
calculated separately for each of the treatments with different
levels of disease, as

100((¥1-Y2))
Y1

RL (%) = )

Where, RL=relative loss (reduction of the parameters grain
yield and TKW), Y1=mean of the respective parameter on
protected plots (plots with maximum protection) and
Y2=mean of the respective parameter in unprotected plots
(i.e. unsprayed plots or sprayed plots with varying level of
discase)

2.4. Data Analysis

Data from each of the two locations were subjected to
analysis of variance (ANOVA) according to (18) using SAS
computer software package version 9.0 [19]. Least
Significant Difference (LSD 0.05) values were used to know
the significant difference between mean values of the
treatments for the character in question. Finally, the data
were utilized in selecting the best fungicide and fungicide
frequency with the resistant variety that significantly reduces
yellow rust disease and results in better yield. Data on yellow
rust yield and yield component parameters were correlated
using the Proc-Corr Procedures [19].

3. Result
3.1. Grain Yield Loss

At Bekoji, maximum relative grain yield losses 36%, and
this was recorded on unsprayed plots of variety kubsa and the
comparison of total and percent yield loss due to stripe rust
was indicated in (Table 2).

Table 2. Grain yield losses at four bread wheat varieties with different fungicide application frequency at Bekoji and Meraro 2017main cropping season.

Treatments Bekoji Meraro

Variety Fungicide Yield Loss (%) Yield Loss (%)
Unsprayed 4688.0° 22.9 2965.0 39.7
Once application of Tilt 250 EC 4805.0% 20.9 2978.3" 39.5

Wane Twice application of Tilt 250 EC 5921.7% 2.7 4651.7° 5.4
Once application of Rex® Duo 5108.3¢ 16 3335.0¢ 322
Twice application of Rex® Duo 6085.0" 0 4920.0° 0
Unsprayed 2938.3" 48.7 2151.7% 56.5
Once application of Tilt 250 EC 3048.3% 46.8 2498 3" 49.5

Lemu Twice application of Tilt 250 EC 4545.0¢ 20.7 3665.0° 259
Once application of Rex® Duo 4151.7° 27.5 3180.0° 35.7
Twice application of Rex® Duo 5738‘3"_ 0 4943 3¢ 0

S Unsprayed 2638.3" 433 1565.0' 57.5

anaa Once application of Tilt 250 EC 2753 3% 40.8 1860.0 49.5




107

Alemu Ayele and Getnet Muche: Yield Loss Assessment in Bread Wheat Varieties Caused by Yellow

Rust (Pucciniastriiformis f. sp. tritici) in Arsi Highlands of South Eastern Ethiopia

Treatments Bekoji Meraro

Variety Fungicide Yield Loss (%) Yield Loss (%)
Twice application of Tilt 250 EC 3955.0° 15 2658.3¢ 27.9
Once application of Rex® Duo 2831.7%" 39.1 2160.0' 41.4
Twice application of Rex® Duo 4653.3¢ 0 3685.0° 0
Unsprayed 273.3' 91.5 106.7° 96.7
Once application of Tilt 250 EC 948 3" 70.7 406.0" 87.3

Kubsa Twice application of Tilt 250 EC 2521.7" 21.9 2100.0° 342
Once application of Rex® Duo 2126.7 33.5 601.0™ 81.1
Twice application of Rex® Duo 3240.0° 0 3191.7° 0

CV% 5.11 1.33

LSD (0.05) 307.73 58.85

LSD, gs=List significant difference at 5%, CV (%) =Coefficient of variation at (%). Means in same column followed by the same letters are not significantly
different. loss %=yield loss.

3.2. Thousand Kernel Weight Losses

Likewise, grain yield losses in TKW due to yellow rust were higher for variety Kubsa than Danda’a (Table 3).

Table 3. Thousand kernel weight losses at four bread wheat varieties with different fungicide application frequency at Bekoji and Meraro 201 7main cropping

season.

Treatments Bekoji Meraro

Variety Fungicide TKW Loss (%) TKW Loss (%)
Unsprayed 27.64 17 33.7 14.3
Once application of Tilt 250 EC 30.6"° 8.6 33.9M 13.7

Wane Twice application of Tilt 250 EC 30.2°-f 9.8 37.8% 3.7
Once application of Rex® Duo 29.2¢f 12.2 36.3¢ 7.6
Twice application of Rex® Duo 33.7% 0 39.3°f 0
Unsprayed 27.9%f 18.7 36.2¢ 15.4
Once application of Tilt 250 EC 29.6°" 13.9 38.0® 115

Lemu Twice application of Tilt 250 EC 30.20F 12.1 40.5% 5.4
Once application of Rex® Duo 32.5%¢ 5.6 36.9¢ 13.8
Twice application of Rex® Duo 34.4° 0 428" 0
Unsprayed 26.4% 19 42.4*° 1.4
Once application of Tilt 250 EC 26.9° 17.4 42.0%¢ 2.4

Dana'a Twice application of Tilt 250 EC 30.4>° 7.3 42,1+ 2
Once application of Rex® Duo 27.9% 14 42.5%¢ 1.2
Twice application of Rex® Duo 32.9%¢ 0 43.0° 0
Unsprayed 17.0' 48.5 36.5¢ 10.2
Once application of Tilt 250 EC 19.5M 414 39.9¢f 1.9

Kubsa Twice application of Tilt 250 EC 31.0%¢ 7.3 40.3%¢ 1
Once application of Rex® Duo 22.9¢ 31.3 39.8%F 2
Twice application of Rex® Duo 33.4% 0 40.5*¢ 0

CV% 8.03 3.61

LSD (0.05) 3.81 234

LSDy ¢s=List significant difference at 5%, CV (%) = Coefficient of variation at (%). Means in same column followed by the same letters are not significantly
different. TK W=thousand kernel weight loss %=thousand kernel weight loss.

3.3. Hectolitre Weight Loss

Table 4. Hectolitre weight losses at four bread wheat varieties with different fungicide application frequency at Bekoji and Meraro 201 7main cropping season.

Treatments Bekoji Meraro

Variety Fungicide HLW Loss (%) HLW Loss (%)
Unsprayed 59.5% 9.02 66.6% 9.3
Once application of Tilt 250 EC 60.9%" 6.88 66.8% 9

Wane Twice application of Tilt 250 EC 61.9%¢ 5.35 68.0° 7.4
Once application of Rex® Duo 60.2% 7.95 68.7% 6.4
Twice application of Rex® Duo 65.4"¢ 0 73.4° 0
Unsprayed 56.41 11.74 61.9° 13.1
Once application of Tilt 250 EC 57.2M 10.49 67.4% 53

Lemu Twice application of Tilt 250 EC 62.7°" 1.88 71.1%¢ 0.1
Once application of Rex® Duo 60.6" 5.16 67.8° 4.8
Twice application of Rex® Duo 63.9"° 0 71.2*° 0

Dana'a Unsprayed 438! 25.38 60.5%¢ 14.4
Once application of Tilt 250 EC 50.1% 14.65 66.6 5.8
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Treatments Bekoji Meraro

Variety Fungicide HLW Loss (%) HLW Loss (%)
Twice application of Tilt 250 EC 55.19 6.13 67.9° 4
Once application of Rex® Duo 49 5 15.67 63.2% 10.6
Twice application of Rex® Duo 58.7¢ 0 70.7%¢ 0
Unsprayed 23.3™" 65.74 56.7¢ 222
Once application of Tilt 250 EC 23.3" 65.74 61.7 154

Kubsa Twice application of Tilt 250 EC 64.5™4 5.15 70.9%° 2.7
Once application of Rex® Duo 66.5" 221 69.9%¢ 4.1
Twice application of Rex® Duo 68.0° 0 72.9% 0

CV% 4.14 4.13

LSD (0.05) 3.79 4.55

LSDy¢s=List significant difference at 5%, CV (%) = Coefficient of variation at (%). Means in same column followed by the same letters are not significantly
different. HLW=hectoliter weight, Loss %=hectoliter weight loss in percent.

3.4. Seed Quality Loss

The rust pressure also affects the quality of grain due to
shriveling of seed. Some damages might have already

happened to the

timing of spray.

sprayed plots as well depending on the
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Figure 1. Yellow rust infected and fungicide protected grains of four bread
wheat varieties.

4. Discussion

It has been found that maximum yield loss of 2967 kg ha-1
(92%) at Bekoji and 3037 kg ha™ (97%) at Meraro in Kubsa
followed by Lemu showing 2800 kg ha-1 (43%) at Bekoji
and 2791 kg ha-1 (57%) loss at Meraro, Danda’a showing
2015 kg ha™' (49%) at Bekoji and 2120 kg ha-1 (58%) loss at
Meraro, and Wane showing 1397 kg ha™ (23%) at Bekoji and
1955 kg ha-1 (40%) loss were protected by Twice application
frequency of Rex® Duo over nil fungicide application
respectively (table 2). The other Twice application frequency
of Tilt 250 EC* protected yield losses to (89 & 95%) at
kubsa, (33 & 41 %) at Lemu, (21 & 36 %) at Wane, over nil
fungicide application at Bekoji and Meraro respectively
(Table 2). Though all the wheat varieties belong to the same
Triticum aestivum L., species, yet highly significant
differences were found among wheat yield as well as disease
level.

On Wane, losses in grain yield were generally less than
23% at Bekoji, comparatively higher severity of yellow rust
was recorded (due to the heavy disease pressure), resulting in
grain yield loss of up to 40% at Meraro. Loss in grain yield
was generally higher at Meraro than at Bekoji during
cropping seasons. In all the varieties, only the twice
fungicide application frequency at 15 days interval
significantly affected loss of grain yield perhaps, at least
partly, due to the staggered start of the sprays after disease
appearance. However, the 15 days interval fungicide
treatment also significantly increased grain yield of variety
Kubsa under high disease pressure at Meraro, suggesting that
reduced frequency of fungicide sprays has a potential to
control the disease particularly had the first spray been made
at disease onset and yield from fungicide sprayed plots were
unambiguously higher than unsprayed plots (Table 2).
Though all the wheat varieties belong to the same Triticum
aestivum L., species, highly significant differences were
found among wheat yield as well as disease level (Table 2).
The present investigations are in line with the work done by
[20] who found that stripe rust cause a 51 % loss in grain
yield on the well watered plots from (4.9-2.1 t ha-1) and a
46 % reduction on rain fed plots (2.8-1.5 t ha-1), [21]
reported that yield losses increase proportionately with the
increase in severity of the disease. According to their
investigations, varieties like Kubsa, Danda’a, and Lemu
exhibited maximum losses of 43-97% against of the wheat
stripe rust. The present results are agree with findings of [22]

in which yellow rust was reported causing grain yield loss of
up to 22%. It confirmed that susceptible genotypes showed
higher yield losses as compared to resistant genotypes [23].
Yield can be severely reduced if disease pressure is high and
yield losses of 30-50% have been reported in wheat [24-25].

The disease has resulted in TKW loss of up to 49% that
had protected on the variety Kubsa with twice application
frequency of Rex” Duo at Bekoji, while maximum loss in
TKW of variety Kubsa 67% was protected at Meraro (Table
3). Varieties might differ in the effect of the disease on other
yield components too. However, losses reported by [7] were
less than the present studies; they reported 37 percent of
thousand kernel weight loss from yellow rust of wheat in
highly susceptible lines from Bale highlands. On the other
hand, 7% loss in thousand kernel weigh was recorded on
unsprayed variety of Wane, which is considered lowest
thousand kernel weight (Table 3). Current results are agreed
with previous reports of [26] in which yield, thousand Seed
weight hectolitre weight, weight of kernel per spike, losses
due to STB were recorded 41, 36 and 44% respectively. [27]
reported up to 45% reduction in 1000-kernel weight of wheat
variety Oxely in Australia. Of wheat head and leaf sheaths by
septoria affects the transport of assimilates to the developing
kernel and results in shrivelled [28-29].

Only Rex® Duo fungicide treatment showed significant
effect (p<<0.05) over the control in terms of hectolitre weight
of variety kubsa and Danda’a none of the spray treatments
showed significant effect on hectolitre weight of Wane (Table
4). Reduction in test hectolitre weight is largely attributed to
reduction in size. With small size more seeds would fit in to
given volume. Even though not quantified, [30] who reported
pronounced effect of septoria on hectolitre weight and kernel
plumpness of some Australian wheat cultivars. However, the
effect may vary depending on the variety and location [27].

Seed quality loss

In addition to the yield losses, seeds harvested from
fungicide unsprayed plots were shrivelled shape and size that
will affect crop establishment of next generation and less
plump and low stored food reserve for the next round of crop
growth [Figure 1]. The present investigations are in line with
the work done by [31-32] who discussed that stripe rust has
effect on the end use of an already diminished yield for
processing due to the changes in shape and size of the grain.

5. Conclusion

In Ethiopia, Arsi, West Arsi and Bale highlands are wheat
belt areas covering more than 28% of wheat production.
However, this important staple food crop is found to be
affected by a number of fungal diseases that resulted
considerable losses in yield. Therefore, the present study
aims to contribute towards integrated management of wheat
yellow rust for improved yield and physical qualities of bread
wheat in Ethiopia. For this purpose, field experiment was
conducted during 2017/18 cropping season at yellow rust
hotspot areas of Arsi highlands of Ethiopia. Yield and grain
weight losses were sever on the wheat varieties kubsa and
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Danda’a and resistant cultivar (Wane) was the best option for

disease

management. Developing a vigilant disease

monitoring system and applying chemicals timely will be
important for better crop productivity.
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