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Abstract

The study was conducted to evaluate effects of bread wheat variety and fungicide application time on stripe rust epidemics
under natural field conditions at Banja and Aneded in the main cropping season of 2019/2020 year. Four different fungicide
application time (7, 14, 21, 28), including fungicide unsprayed combined with three wheat varieties (Wane, Danda’a and
Kubsa) with different level of resistance to stripe rust were used in the experiment and the experiment was laid out in RCBD
design with factorial arrangement and replicated three time. Disease data’s severity, AUDPC, incidence and Disease progress
rate and also yield component and grain yield data were recorded. The maximum disease incidence (100%), on unsprayed plots
of the susceptible Kubsa and moderately resistant Danda'a varieties in both locations was recorded. Additionally, 100% SRI
was recorded on Kubsa variety plots applied 14, 21, and 28 days at Banja. But SRI was recorded in both the susceptible and
resistant varieties when fungicide was sprayed 7 days after the initial symptoms appeared. Moreover, the maximum grain yield
(4648.8kg/ha) was obtained from combination of Wane variety (Resistant and 7 days fungicide sprayed time at banja location.
While the minimum yield (609.7 kg/ha) was obtained from fungicide unsprayed Kubsa variety (susceptible) at banja location.
7 days after initial symptom appeared fungicide sprayed varieties were effective to against Stripe rust and gave the highest
values of yield over unsprayed plots and other fungicides application times. However, Combination of Wane variety and 7 days
after initial symptom appeared fungicide application time was more feasible than other treatment combinations.

Keywords
AUDPC, Bread Wheat, Incidence, Severity, Stripe Rust

1. Introduction

Wheat (Triticum aestivum L) is a widely cultivated cereal
grain serves as a staple food for over one-third of the world's
population [23]. It is grown in various agro-ecological and crop
management systems and serves as the primary source of food
for humans, supplying 40% of the world's food and accounting
for 25% of calories consumed in developing countries [24]. The

global average wheat productivity is around 5t/ha, although this
varies significantly among countries and regions. East African
(including Ethiopia), North African, and Middle Eastern coun-
tries consume more than 150% of their own wheat production
and heavily rely on imports to meet their food security needs
[27].
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Many diseases can affect wheat, but one of the most seri-
ous diseases affect Ethiopia's wheat is stripe rust [22, 25].
Three environmental factors temperature, altitude, and mois-
ture affect the development of stripe rust. [6] Reported that
low nighttime temperature is more conducive to stripe rust
infection than daytime temperature due to moisture present
in the cold air. Epidemics of stripe rust have been document-
ed all across the world, primarily in East and North Africa,
Central and West Asia. These regions have experienced high
disease pressure with Morocco being particularly affected
[5]. The presence of a primary host, such as wheat or grasses,
and an alternative host, such as Berberis or Mahonia species,
favors the presence of Pst, the fungus that causes stripe rust.

In Ethiopia, there have been previous occurrences of stripe
rust epidemics, which were accompanied by the emergence of
virulent strains. These strains have made popular bread wheat
cultivars like Lakech and Dashen susceptible to the disease
[33]. Severe infestations of stripe rust can lead to significant
reductions in yield and grain quality, up to 60% [8]. Stripe rust
outbreaks are occurring more frequently and extensively due
to cultivar susceptibility and favorable weather conditions,
leading to significant yield and quality losses [16]. For in-
stance, stripe rust caused bread wheat cultivars in the Bale
highlands lose up to 71% of its yield [1]. In severe cases, high-
ly susceptible varieties have reported a 100% yield loss [4].

The primary approach for managing stripe rust in Ethiopia
has been the use of resistant varieties. This led to significant
progress in the development of wheat varieties with different
levels of resistance. However, many of these resistant varie-
ties have become susceptible over time due to the introduc-
tion of new races or changes in environmental factors [3].
Additionally, resistance failure has been observed due to
changes in pathogen virulence, which has increased interest
in chemical control of the disease [12].

Chemical fungicides are preferred when resistant wheat
varieties fail, as they provide practical and rapid disease con-
trol. Foliar fungicides have been widely used to manage
stripe rust, preventing million-dollar losses and significantly

2.1. Description of Study Sites

reducing crop loss [19]. [16] Reported that the sprayed plots
had a relatively better yield compared to the unsprayed plots.
Furthermore, their study demonstrated that the timing of the
spray application is a significant factor in reducing disease
severity and the rate of epidemic development. Another
study by [38] highlighted that the significance of timely and
appropriate fungicide application is effectively preventing
substantial yield losses and the dissemination of stripe rust to
other areas.

The use of fungicides has played a crucial role in preventing
potential significant nationwide yield losses. The 2010 yellow
rust epidemic showed a significant reduction in crop loss due
to the use of chemicals [12]. In East Africa, all current com-
mercial wheat cultivars are susceptible to the new race, which
makes it impossible to grow a profitable crop without the ap-
plication of fungicides [18]. While resistant varieties and fun-
gicides are the most effective management options against
wheat stripe rust, only a small number of farmers in the study
area utilize fungicides to combat the disease, and they have
limited knowledge regarding the response of their chosen vari-
ety to stripe rust. Many farmers also remain unaware of the
economic benefits of applying fungicides to maximize their
yield. Therefore the Objectives of this study were to evaluate
the effects of stripe rust, variety and fungicide application time
on yield and yield Components of bread wheat under natural
field conditions.

2. Materials and Methods

The study was conducted at Pawe Agricultural Research
Center in Banja substation and Debremarkos Agricultural
Research Center in Aneded station, located in northwestern
Ethiopia, during the main cropping season of 2019. Based on
the potential for wheat production and the hotspots for out-
breaks of wheat stripe rust, the locations were purposively
selected. The locations that were tested, along with their ge-
ographic coordinates, are shown in Figure 1.

Table 1. Study sites description.

Mean parameters Aneded Banja
Altitude (masl) 2471 2511
Rain fall (mm) 1341 1344

Temperature (Min and Max)

Soil PH

Source: Western Amhara Metrological Center, 2019.

11°C and 15°C
4.9
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10.3°C and 22.5°C
52
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Figure 1. Map showing Ethiopia, the Amhara region, and the experimental districts for stripe rust diseases in northwestern Ethiopia.

Table 2. Profiles of bread wheat varieties used in the field experiments.

No VN Pedigree YR RGA (masl) Reaction to stripe rust Yield (ton/ha)
1 Wane ETBW6130 2016 2100-2700 Resistant 5.0-6.0

2 Danda’a DANPHE#1 2010 2000-2600 Moderately resistant 3.5-55

3 Kubsa HAR1685 1995 2000-2600 Susceptible 3.0-5.0

VN: Variety name, YR: Year of release, RGA: Recommended growing altitude, masl: meters above sea level.
Source: Ethiopian Ministry of Agriculture, Animal and Plant Health Regulatory Directorate Crop Variety Register 1995-2016, Addis Ababa,

Ethiopia.

2.2. Treatments and Experimental Procedures

Three bread wheat varieties with varying levels of re-
sistance to stripe rust which are currently under production
were used as a varietal component. Seeds of these varieties
(Table 2) were obtained from Kulumsa Agricultural Research
Centre. 150 kg of seeds per hectare were sown for each vari-
ety on a properly prepared seedbed. Manual seeding was
conducted in rows on June 24" and June 28", respectively, at
Aneded and Banja locations during the main rainy season of
the 2019 cropping season. During sowing, the recommended
NPS fertilizer at a rate of 150 kg/ha and urea at a rate of 200
kg/ha (split application; one-third during sowing and two-
thirds during crop booting stage) were applied. At both loca-
tions, weeds were manually removed three times. The first
weeding was done at the tillering stage (21 days after sow-
ing); he second weeding was done at the booting stage (20
days after the first weeding); and the third weeding was done
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at the flowering stage (one month after the second weeding).

2.3. Description of the Tested Fungicide

Foliar application of the fungicide (Rex® Dou table 3)
was performed at the rate recommended by the company.
Spraying was performed using a manual knapsack sprayer,
with a mixture of 0.5L/ha fungicide and 250L/ha water. The
spraying was performed weekly.

Table 3. Specifications of the commercial fungicide used in the field
experiments.

Parameters Description
Trade Name Rex® Dou
Year of registration 2010

Active Ingredient

Epoxiconazole + Thiophanate-methyl
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Parameters Description

Product Formulation Emulsifiable wettable
Mode of Action Systemic

Product Rate (L/ha) 0.5

Amount of dilution water 200-300

(L/ha)

Registrant Company BASF, Ludwigshafen, Germany

Data were sourced and organized from the Ministry of Agriculture
(MoA, 2015) and the product package booklet.

There were a total of 15 treatment combinations (Table 4)
derived from two factors 3 wheat varieties x 4 fungicide
spraying dates, plus the unsprayed plots as a control. Ran-
domized Complete Block Design with 3 replications in a
factorial arrangement was used.

The treatments were randomly assigned to the experi-
mental plots within a block. The size of the unit plot was 2m
x 4m (8m?), consisting of 10 rows with 8 harvestable rows
spaced at 0.02m. The space between blocks and plots was
1.5m and 1m, respectively.

Table 4. The treatment combinations used at both locations.

Treatments

No. Variety FAT* Days*  Designation
5 Wane 28 W28
6 Danda’a Unsprayed DO

7 Danda’a 7 D7

8 Danda’a 14 D14
9 Danda’a 21 D21
10 Danda’a 28 D28
11 Kubsa Unsprayed KO0
12 Kubsa 7 K7
13 Kubsa 14 K14
14 Kubsa 21 K21
15 Kubsa 28 K28

DTN

FAT: fungicide application time. : Application of fungicide time
x days following the onset of the first symptoms

2.4. Disease Assessment

Strip rust incidence: ten randomly pre-tagged plants were
taken from the central 8 rows. Plants exhibiting symptoms of
stripe rust were counted and expressed as a percentage.

Strip rust severity: was assessed using the modified Cobb
scale [26]; which takes into account the percentage of the
plant infected and the type of disease reaction. This assess-
ment was conducted using the same plants that were used for
the incidence assessment. Specifically, ten plants were ran-
domly selected and previously tagged from the central 8
rows of each plot. The assessment was performed weekly for
five times, starting from the occurrence of the first disease
symptoms up to the early maturity stages.

Table 5. Tripe rust rating scale.

Treatments
No. Variety FAT* Days*  Designation
1 Wane Unsprayed WO
2 Wane 7 w7
3 Wane 14 W14
4 Wane 21 W21
NO. Index Category
1 0 0
2 1 VR
3 2 R
4 3 MR
5 4 LM
6 5 M
7 6 HM
8 7 MS
9 8 S

38

Description of Infection Type

No visible symptoms

Necrotic/chlorotic flecks; no sporulation
Necrotic/chlorotic stripes; no sporulation
Necrotic/chlorotic stripes-trace; sporulation
Necrotic/chlorotic stripes; light sporulation
Necrotic/chlorotic stripes; intermediate sporulation
Necrotic/chlorotic stripes; moderate sporulation
Necrotic/chlorotic stripes; abundant sporulation

Chlorosis behind sporulating area; abundant sporulation
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NO. Index Category Description of Infection Type

10 9 VS No necrosis/chlorosis; abundant sporulation

Note, 0 = Immune, VR = Very Resistant, R = Resistant, MR = Moderately Resistant, LM = Light Moderate, M = Moderate, HM = Highly
Moderate, MS=Moderately Susceptible, S = Susceptible, VS =Very Susceptible. Source: [20].

Area under the Disease Progress Curve (AUDPC) environments due to variations in weather, edaphic and dis-
The Area under Disease Progress Curve (AUDPC) was ease pressure. For example, there was a shortage of rain at
computed using the following formula, based on the mean  Anede location during the study period. The variation in er-

disease severity recordings [36]: ror variance between the two locations was high, so a com-
bined analysis across locations was not done. Therefore, the
AUDPC=} 0.5(xi + 1 + xi)(ti + 1 — ti) data was analyzed separately for each location. Analysis of

variance (ANOVA) was used to determine the treatment ef-
Where n is the total number of observations, ti is the time fects based on data of disease severity at the terminal as-
(in days after planting) at the ith observation, and xi is the  sessment, disease progress rate, area under the disease pro-
cumulative disease severity expressed as a proportion at the gress curve, yield, and yield components obtained from three
ith observation. replications were used for analysis of variance (ANOVA) to
Disease progress rate: was determined by repeatedly as- determine treatment effects.
sessing the percentage of leaf area affected by stripe rust,
starting from the onset of the disease. The logistic model was . .
used for temporal analysis of disease progress, as it is the 3. Results and Discussion
most appropriate model [10].

3.1. Effect of Variety and Fungicide Application

2.5. Evaluation of Yield and Yield Components Time on Disease Parameters
A number of agronomic characteristics that contribute to The ANOVA results indicated that variety, fungicide ap-
the impact of stripe rust on wheat were evaluated. Ten ran-  plication time, and their interaction at both locations had a
domly selected plants from the middle eight rows were used significant effect on stripe rust incidence (SRI) (P < 0.0001).
for all measurements. The unsprayed plots of the susceptible Kubsa and moderately
resistant Danda'a varieties in both locations recorded the
2.6. Data Analysis highest SRI (100%). Additionally, a 100% SRI was observed

in Kubsa variety plots 14, 21, and 28 application days at
The statistical software package SAS version 9.4 (SAS,  Banja. In unsprayed plots, the SRI for the resistant variety

2013) was used to perform mean comparisons and analysis  Wane was 98.8% at Banja and 96.1% at Aneded (Figure 1).
of variance. The two locations were considered as different

OF0 OF28 ©F2] ®F14 ®mE7

120 A

| 2 + hoea

t e [TFEee [E

<

= 60

2

E 40

E 20

2

E o

a Wane Dandaa Kubsa
Wheat Variety

39


http://www.sciencepg.com/journal/advances

Advances

http://www.sciencepg.com/journal/advances

OF0 ©F28

120

100

illi“’fdﬁdef

Iefe
80

60
40

20

Disease Incidence%(Banja)

F21 @F14 mEF7

"P “lfcabfgme%e

f L o phrcer

Wane

Dandaa
Wheat Varietv

Kubsa

Figure 2. tripe rust disease incidence on each treatment at Aneded (4) and Banja (B) locations. Bars with the same letters are not signifi-

cantly different at P <0.05.

The above results showed that, although the difference
was slight, there was a varying degree of response between
the resistant and susceptible varieties. Regardless of the loca-
tions, a significant reduction in SRI was observed in both the
susceptible and resistant varieties when fungicide was
sprayed 7 days after the initial symptoms appeared. Moreo-
ver, a significant difference was observed between the re-
sistant and susceptible varieties only when fungicide was
sprayed 14 days after the initial symptoms appeared at Anede
and 14 and 21 days after the initial symptoms appeared at
Banja. Besides, when compared to Anede, a greater degree of
differences between the resistant and susceptible varieties in
Banja was observed (Figure 1).

Previous research have demonstrated that stripe rust dis-
ease develops faster on susceptible varieties than on resistant
varieties [31]. Once it is established in the field, the chance
of its spread depends on several factors, including variety
[12], wind [11], and fungicide spray [38], which determine
the percentage of disease incidence under field conditions.
The notable variations in SRI between sprayed and un-
sprayed plots in the current study were clearly caused by the
effectiveness of the fungicide in managing the disease. More
importantly, when fungicide was sprayed 7 days after the
appearance of initial symptoms; its effect on reducing SRI
was significant; regardless of variety and location.

Regarding terminal stripe rust severity (TSRS), significant
difference has shown by ANOVA (P<0.0001) among varie-
ties, fungicide application time, and their interaction at both
locations. Application of fungicide 7 days after the initial
symptoms appeared the severity was reduced on Wane, Dan-
da'a, and Kubsa varieties by 8.9%, 18.5%, and 54.6%, re-
spectively, at the final assessment date in Aneded. Similar
treatments at Banja reduced by 8.7%, 18.8%, and 68.5% on
Wane, Danda'a, and Kubsa varieties. At both locations, the
fungicide application time has a stronger effect on the sus-
ceptible variety compared to the resistant variety.

Both the susceptible and resistant varieties showed a sig-

40

nificant reduction in TSRS when fungicide was sprayed 7
days after the initial symptoms appeared. Furthermore, in
almost every fungicide application time in Anede and Banja,
a noticeable difference in response between the resistant and
susceptible varieties was observed (Figure 2). Furthermore,
when compared to Anede, Banja exhibited significantly larg-
er differences between resistant and susceptible varieties, as
well as a more pronounced impact of fungicide application
time. This indicates that the location plays a crucial role in
determining the effectiveness of both fungicide treatment and
variety selection in preventing stripe rust disease in wheat.

Despite the variations in disease resistance levels among
the three varieties, none of them exhibited complete re-
sistance (0% infection) without the use of fungicide. This
suggests that the varieties tested in the current experiment do
not possess immunity or complete resistance. This aligns
with the research conducted by [2]. Therefore, it is clear that
the effectiveness of the fungicide in managing the disease
caused the notable differences in TSRS between the sprayed
and unsprayed plots in the current study.

More importantly, when fungicide was sprayed 7 days af-
ter the appearance of initial symptoms, its effect on reducing
TSRS was significant, regardless of the wheat variety and
location suggesting this time as a potential recommendation
for management of stripe rust disease on bread wheat. This is
in agreement with the work done by [21], who reported
higher TSRS on unsprayed plots than sprayed plots across
different locations and varieties.

In general, the efficacy of fungicide is much stronger on
the susceptible variety Kubsa compared to the moderately
resistant variety (Danda'a) and the resistant variety (Wane).
More interesting is the gradual reduction of TSRS, which is
dependent on application time, observed across all varieties
regardless of the level of disease resistance. However, there
is a significantly higher degree of efficacy in the case of the
susceptible variety (Figure 3).
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Figure 3. Terminal Strip Rust Severity on each treatment at Anede (4) and Banja (B) locations. Bars with the same letters are not significant-

ly different at P < 0.05

Therefore, based on the findings of this study, it is neces-
sary to conduct an economic feasibility study before making
a decision or recommendation regarding the use of fungi-
cides for managing stripe rust in areas where resistant or
moderately resistant varieties are employed. The results of
the current study, which clearly showed a significant differ-
ence in TSRS between the resistant and susceptible varieties
when no fungicide was applied, provide strong evidence for
this claim (Figure 3).

Similar to the previously mentioned disease parameters,
analysis of variance (ANOVA) on the stripe rust disease pro-
gress rate (SRDPR) showed significant differences
(P<0.0001) between varieties, fungicide application time and
their interaction at both locations. Compared to Anede, a
relatively higher rate of disease progression was observed at
Banja location.

Even though there was disease progression in all treatment
combinations, the extent of progress varied depending on the
resistance level of the varieties. Previous research by [1]
revealed similar findings, showing significant variations in
the rate of disease progression among cultivars with different
levels of disease resistance.

In the current investigation, the average daily rate of dis-
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ease progression on unsprayed plots of Wane, Danda'a, and
Kubsa varieties was 0.03, 0.031 and 0.036, per day at Anede,
respectively. The comparable values at Banja were 0.04/day,
0.043/day, and 0.045 per day for the respective treatments.
Regardless of location, the variety Wane showed the lowest
disease progression, while Kubsa variety showed the highest
(Table 6). In general, the above variation in disease progress
rate between the two locations indicates effect of loca-
tion/agro ecological factors on the efficacy of varieties and
fungicide in the management of strip rust disease on wheat.

ANOVA on AUDPC showed significant (P<0.0001) varia-
tions in fungicide application time and the interaction be-
tween them at both locations. In comparison to Aneded
(AUDPC=186), the mean AUDPC of the unsprayed plots of
the susceptible variety Kubsa was slightly higher at Banja
(AUDPC=190). However, compared to the susceptible varie-
ty, the mean AUDPC value in the unsprayed plots of the re-
sistant variety (Wane) was significantly lower at 129.0 and
105.2 at Aneded and Banja, respectively. More significantly,
the resistant variety consistently responded even in the ab-
sence of fungicide spray. This was evidenced by its distinct
response across locations, which differed from that of the
susceptible variety.
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Table 6. Effect of variety and fungicide application time on Disease progress rate.

Treatment factors Treatment
Variety FAT Days * designation
Wane 7 W7

Wane 14 W14

Wane 21 W21

Wane 28 W28

Wane Unsprayed WO
Danda’a 7 D7
Danda’a 14 D14
Danda’a 21 D21
Danda’a 28 D28
Danda’a Unsprayed DO

Kubsa 7 K7

Kubsa 14 K14
Kubsa 21 K21

Kubsa 28 K28

Kubsa Unsprayed KO

CV (%)

LSD (0.05)

oo,

FAT: fungicide application time. “*”:

Stripe rust disease progress rate

Aneded Banja
0.000" 0.000f
0.008° 0.016°
0.020¢ 0.027¢
0.027% 0.038°
0.030% 0.0400%
0.000" 0.000f
0.014¢% 0.017¢
0.020¢ 0.029¢
0.027% 0.039%¢
0.031% 0.0432®
0.000" 0.000"
0.014¢ 0.017¢
0.024%¢ 0.030¢
0.030%® 0.039%
0.036* 0.0452
13.3 59
0.007 0.0045

Fungicide application time x days after the appearance of initial symptoms LSD (0.05): List significant

difference at 5%, CV (%): Coefficient of variation, means with the same letters are not significantly different.

Whenever the fungicide was sprayed 7 days after the ap-
pearance of initial symptoms, the AUDPC value on the re-
sistant variety wane was significantly reduced to 64.4 and
49.5 at the Anede and Banja locations, respectively. Interest-
ingly, fungicide sprayed 7 days after the initial symptoms
appeared has also reduced the Area under the Disease Pro-
gress Curve (AUDPC) on the susceptible variety Kubsa to
114.3 and 112.0 at the Anede and Banja locations, respec-
tively.

Nevertheless, this study showed that, regardless of loca-
tion, the efficacy of fungicide used for managing stripe rust
is significantly higher when resistant varieties are used, as
compared to susceptible varieties (Figure 3). The findings of
this study are consistent with reports from [33], [7] and [21].
These reports indicated that untreated plots had higher
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AUDPC values than fungicide treated plots. Additionally,
[31], who showed that faster development of stripe rust dis-
ease on susceptible variety than resistant variety.

Moreover, it has been noted that fungicides reduced sub-
sequent disease progression on plant parts that were slightly
infected at the time of fungicide application. However, it is
not effective on heavily infected plant parts as indicated in a
previous study by [9], the timing of symptom onset, early
disease detection and early fungicide application should all
be taken into consideration in the stripe rust management
strategy when using fungicides, if economic control of the
disease to be achieved. In this study, the fungicide treatments
were effective in significantly slowing down the progression
of the disease. This effect was observed regardless of the
wheat variety and location.
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3.2. Effect of Variety and Fungicide Application
Time on Agronomic Traits

In this study, multiple agronomic traits that best explain
the reactions of wheat varieties to stripe rust were examined.
These included stand count, days to 50% of heading, days to
90% of physiological maturity, plant height, and spike length
(Table 7). Accordingly, the ANOVA results revealed that,
except stand count, all the agronomic variables showed sig-
nificant differences (P<0.01) among varieties at both loca-
tions. The ANOVA result also indicated that at Anede, fungi-
cide application time significantly (P<0.05) influenced days
to 90% of physiological maturity, plant height, and spike
length. At Banja, only days to 50% of heading and spike
length were affected. On the other hand, the number of days
to reach 90% physiological maturity and plant height were
significantly influenced by its interaction at Banja. However,
only the interaction significantly affected plant height at
Aneded.

In terms of physiological maturity, except for variety Dan-
da'a, the two varieties showed no significant delay in physio-
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logical maturity compared to untreated plots with fungicides
(Table 7). It could be due to a reduction in the level of dis-
ease pressure, which can be attributed to a timely application
of fungicides. Different justifications exist for the variability
in the number of days between physiological maturities, as
documented by various authors. According to [13], fungi-
cides prolong the time that leaves remain on plants during
late developmental stages and accelerate the ripening period,
which causes late maturation. They also slow down the
breakdown of chlorophyll and leaf protein. Conversely, ac-
cording to [5], Puccinia striiformis f. sp. Tritici, as biotrophic
pathogen, is characterized by reduction in green leaf area
which accelerates leaf senescence and cause early maturity
of wheat. [30], who studied physiological maturity of wheat
cultivars also revealed variations in maturity days of wheat
varieties due to inherent differences between cultivars. In the
present study, plots that were not treated with fungicide
reached 90% physiological maturity earlier (Danda'a 97
days) compared to the plots that were treated in a timely
manner (Danda'a 104 days).
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Table 7. Effect of variety and fungicide application time on agronomic traits.

Agronomic variables

Treatments
Aneded
Variety FAT DTH DTM PH (cm)
Wane W7 66.7° 100.3% 72.4¢
w14 66.0¢ 97.7bcd 76.1°
W21 66.04 97,754 75.3¢4
w28 66.0¢ 96.7¢ 74.6%¢
W0 66.04 97.3¢% 75.3¢4
Danda’a D7 70.0° 104.32 82.0?
D14 69.7% 100.3% 79.1°
D21 69.7% 99.3b 81.6°
D28 68.330¢ 101.3% 79.0°
DO 67.754 97.0% 80.4%
Kubsa K7 67.0% 98.7bed 75.4¢
K14 69.3% 98.3bed 71.0f
K21 70.0° 97.3% 73.94
K28 68.070<d 96.7¢ 74.3¢
KO 67.0% 95.04 68.7¢
CV (%) 1.99 2.33 1.42
LSD (0.05) 2.26 3.83 1.8

Banja
SL (cm) DTH DTM PH (cm) SL (cm)
7.3 50.7% 87.7¢%¢ 79.3% 6.8¢¢
6.973bcd 51.0% 88.0¢ 80.0%d 6.6°4f
6.7 50.7% 88.0° 80.3¢¢ 6.3%fe
6.3¢ 51.3% 87.7¢ 77.7% 6.2¢f%
6.7¢4¢ 51.3% 87.0d 77.6% 5.7¢
7.18be 53.7 97.0° 86.4° 7.8
7.2 53.0° 97.32 87.4° 7.6%
6.93bed 54.0° 97.0° 86.1° 7.6%
6.5% 53.7 96.0° 92.32 7.0
6.93bed 54.0° 97.0° 84.0% 7.58%
6.9%bcd 50.3b 86.3¢f 73t 6.7¢d
6.6% 50.0¢ 87.0% 72.1% 6.4¢def
6.4° 50.0¢ 87.0% 79.3% 6.20cfe
6.5% 50.0° 86.7¢f 69.88 5.8¢8
6.4° 50.0¢ 86.0f 75.5¢ 6.0
4.5 1.34 0.46 33 5.81
0.5 1.15 0.7 4.42 0.65

FAT: Fungicide application time; 7, 14, 21 and 28 days after the appearance of initial symptoms, respectively. W0: Unsprayed; DTH: Days to
heading; DTM: Days to maturity; PH: Plant height; SL: Spike length; LSD (0.05): Least significant difference at 5%. CV: Coefficient of vari-
ation. For each parameter, means followed by the same letter are not significantly different at P<0.05.

Regarding plant height, the ANOVA results revealed sig-
nificant differences (P<0.0001) among varieties, fungicide
application time and their interaction at Anede location. But
at Banja location, the ANOVA result revealed significant
differences (P<0.0001) among varieties and their interaction,
but not in fungicide application time.

Plant height showed significant variation not only due to
varietal differences but also because of fungicide application
time and disease pressure. The results of this study indicate
that the time of fungicide application, along with varietal
differences, contributes to the observed variation in plant
height. Fungicide treated plots demonstrated a significant
increase in plant height compared to untreated plots. Plant
height exhibited significant variation as a result of varietal
differences and the time of fungicide application. This is in
contrast to the findings of [17] and [29], who reported that
the plant height of wheat varieties is mainly influenced by
genetic factors and environmental conditions.

Spike length, which determines potential yield, showed

significant variation not only due to genetic differences, but
also because of fungicide timing and disease pressure. Ge-
netically, on untreated plots, the variety Danda'a exhibits a
significantly taller spike length compared to the other two
varieties. Regardless of the variety, spike length increased
when fungicide was sprayed. When comparing treated and
untreated plots of susceptible (Kubsa) and resistant (Wane)
varieties with the intermediate material (Danda'a), statistical-
ly significant differences were observed (Table 7).

3.3. Effect of Variety and Fungicide Application
Time on Yield Traits

Multiple parameters for evaluating number of kernels per
spike (NKPS), thousand kernels weight (TKW), and grain
yield (GY). The ANOVA results showed that there was a
significant interaction effect (P<0.01) between the wheat
variety and fungicide application time for all parameters at
both locations (Table 8).
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Regardless of location, Wane and Danda'a varieties had
significantly higher NKPS (number of kernels per spike)
compared to the susceptible variety Kubsa. This clearly indi-
cates the higher susceptibility of Kubsa to stripe rust and the
significant impact of this disease on yield parameters. Inter-
estingly, fungicide application significantly increased NKPS,
regardless of the different response of the varieties to stripe
rust (level of disease resistance) at both locations. However,
compared to the resistant variety, the susceptible variety ex-
hibited a significantly higher level of response to the time of
fungicide application in terms of yield increase (Table 8).
This could be due to the genetic makeup of the varieties.
Varietal differences in response to fungicide application have
been reported previously; where relatively higher NKPS
(number of kernels per spike) were observed in sprayed plots
compared to unsprayed plots [34, 16]. Similar trends have
been observed at grain yield (GY) in both locations, in the
absence of fungicide, grain yield (GY) was significantly
lower on the susceptible variety Kubsa (891.0 kg/ha) com-
pared to Danda'a (1737.1 kg/ha) and Wane (1957.9 kg/ha).

There is a higher effect of fungicide application time on the
susceptible variety compared to the resistant variety on grain
yield (GY). For instance, the application of fungicide on variety
Kubsa increased the grain yield (GY) from 891.0 kg/ha in un-
sprayed plots to 2454.2 kg/ha in plots sprayed 7 days after the
appearance of initial symptoms in Aneded. Similarly, in Banja,
the GY increased from 609.7 kg/ha in unsprayed plots to 4055.7
kg/ha in plots sprayed 7 days after the appearance of initial
symptoms. For the resistant variety Wane, the grain yield in-

crement was from 1957.9 kg/ha (unsprayed plots) to 2711.8
kg/ha (plots sprayed 7 days after the appearance of initial symp-
toms) in Aneded, and from 3698.6 kg/ha (unsprayed plots) to
4658.8 kg/ha (plots sprayed 7 days after the appearance of initial
symptoms) in Banja. This clearly indicates the effectiveness of
fungicide application time in reducing the impact of stripe rust
on wheat and consequently increasing yield. The other im-
portant point regarding the GY is the variation in yield between
the two locations. i.e., Banja had a yield that was more than
50% higher compared to Aneded (Table 8). Nevertheless, this
difference was not due to potential genetic variation among the
varieties. It was rather due to the shortage of rainfall at Aneded
during the experimental period.

It should be noted that in the case of managing plant dis-
cases with fungicides, there are direct benefits in terms of
yields and yield components [28]. In addition, it is important
to determine whether the effectiveness of fungicide use as a
disease management tool can be assessed not only in terms
of disease control but also in terms of increasing final crop
yields. Fungicides inhibit the breakdown of chlorophyll,
which allows plants to retain their leaves for a longer period
and absorb more nutrients during late developmental stages.
This, in turn, helps protect the potential yield of wheat [37].
Fungicides have also stabilized and increased the yield of
cereals by reducing disease pressure and helping plants
maintain vegetation throughout the grain filling stage [35].
To that end, the use of Rex Duo Fungicide has been shown to
increase wheat grain yields in several trials conducted in
various areas [7, 21].

Table 8. Effect of variety and fungicide application time on yield traits.

Yield variables in two locations

Treatments
Aneded Banja

Variety FAT NKPS TKW (g) GY (kg/ha) NKPS TKW (g) GY (kg/ha)

Wane w7 41.22 39.04° 2711.8 50.7 48.702 4648.82
W14 39.1abe 38.20% 2291 .4bcd 49.3% 45.82% 3999.73b¢
w21 38.18b¢ 36.40%¢ 2077.14¢f 47.02be 42.70b 3943 9abe
W28 37.4bed 34.6004 2029.0%f 43.9b 39.20« 3903.9%
WO 35.8bede 30.30¢f 1957.9defe 41.86° 39.10« 3698.6°

Danda’a D7 40.3% 38.14% 2552.6% 49.8%® 45.982® 4556.4%
D14 38.8abe 36.90%¢ 2126.5¢ 46.034b¢ 45.10% 4071.5%¢
D21 38.3ab¢ 36.70%¢ 1876.2¢% 43.9bed 44.80%° 3965.23¢
D28 38.78b¢ 33.20¢def 1783.3¢f 42,1 38.304 3893.5b
DO 31.3¢f 29.60f 1737.1% 38.3d 29.30¢ 2938.64

Kubsa K7 35.6¢4¢ 36.90%¢ 2454 .23 46.43%¢ 43.00% 4055.72¢
K14 32.2¢f 35.30%0ed 2068.39¢f 41.9° 41.43bed 3878.%b¢

45


http://www.sciencepg.com/journal/advances

Advances

http://www.sciencepg.com/journal/advances

Yield variables in two locations

Treatments
Aneded Banja

Variety FAT NKPS TKW (g) GY (kg/ha) NKPS TKW (g) GY (kg/ha)
K21 29.4f 34.4(bede 1864.8¢f2 35.574 38.98¢«d 3765.6°
K28 33 2def 31.60%f 1637.0g 29.94 32.89¢ 2408.24
KO 24.7¢ 19.80¢ 891.0h 7.77¢ 23.80° 609.7¢

CV (%) 4.2 3.98 5.9 5.95 3.9 6.6

LSD 4.5 4.1 357.6 4.8 4.71 719.8

FAT: Fungicide application time; W7, W14, W21 and W28 sprayed every 7, 14, 21 and 28 days after the appearance of initial symptoms, re-
spectively. W0: Unsprayed; NKPS: Number of kernels per spike; TKW: Thousand kernel weight; GY: Grain yield. LSD (0.05): Least signifi-
cant difference at 5%. CV: Coefficient of variation. For each parameter, means followed by the same letter are not significantly different at

P=0.05.

The results of the current study provide clear evidence that
fungicides are becoming essential for wheat production in Ethi-
opia, especially when susceptible and/or moderately susceptible
varieties are grown in areas where stripe rust is a significant
issue. The integration of crop variety and fungicide application
has been found to suppress disease and increase crop yield at-
tributes, as reported by [14], and [21] in their studies. The appli-
cation of the fungicide significantly decreased the severity of the
disease and increased the yield parameters when compared to
unsprayed plots, as reported by [15] and [32].

4. Conclusion

All three wheat varieties supplemented with foliar spray
application fungicides had distinct effect in reducing stripe
rust disease epidemics at the study area. In the present study,
stripe rust disease resulted in a significant reduction in grain
yield, thousand kernel weight, and the number of kernels per
spike in untreated plots. The study not only quantified the
impact of stripe rust on grain yield but also confirmed the
importance of fungicide application timing and its combina-
tion with host resistance in reducing stripe rust pressure on
wheat. The most effective management approach involves
using varieties with varying levels of resistance to stripe rust
diseases and promptly applying Rex® Dou after the appear-
ance of disease symptoms. Unsprayed plots of all varieties
exhibited the highest rust severity and AUDPC, leading to
lower yields compared to the sprayed ones. Therefore, estab-
lishing a vigilant disease monitoring system and promptly
applying fungicides will be crucial for improving crop
productivity.

Abbreviations

AUDPC  Area Under Disease Progress Curve
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Cv Coefficient Variance

GY Grain Yield

LSD Least Significant Difference
NKPS Number of Kernels per Spike
TKW Thousand Kernel Weight
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