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Abstract

Bread wheat (Triticum aestivum L.) is a staple crop critical to food security in Ethiopia.
However, its production is severely constrained by yellow rust, a major disease of economic
importance in wheat-growing regions. This study evaluated the combined effects of wheat varieties
and fungicides for effective management of yellow rust. A field experiment was conducted at Elias
Zuria Kebele in the Debre Eliase District using a factorial arrangement of three wheat varieties
(Picaflor, Ogolcho, and Kingbird) and two fungicides (Natura and JEBA 250 EC) in a randomized
complete block design with three replications. Disease severity, yield, and yield-related traits were
analyzed using the general linear model procedure in SAS 9.2. Significant differences (p < 0.05)
were observed among treatments. Terminal disease severities reached 49%, 41.6%, and 20.3% in
unsprayed plots of Picaflor, Ogolcho, and King-Bird, respectively. JEBA 250 EC provided the
highest disease control, reducing severity by 64.6%, 60.0%, and 57.3% in Picaflor, Ogolcho, and
Kingbird, respectively. Unsprayed plots suffered substantial yield and thousand-kernel weight
losses, up to 61.3% and 49.5% in Picaflor, 45.1% and 41.4% in Ogolcho, and 23.8% and 23.9% in
King-Bird. In contrast, JEBA 250 EC achieved maximum grain yield of 3.5 t ha™* and thousand-
kernel weight of 35 g. The combination of King-Bird variety with JEBA 250 EC fungicide is
recommended as an effective management option for yellow rust in bread wheat production.

Keywords — Bread wheat — Fungicide management — Grain yield — Varietal resistance — Yellow
rust

Introduction

Wheat (Triticum aestivum L.) is the leading cereal crop globally, serving as a staple food for
more than one-third of the world’s population (FAO et al. 2018). It occupies over 216 million
hectares, surpassing any other crop, with a production of 659 million tons and an average
productivity of 3160 kg ha™' during the 2014/15 cropping season (FAO 2017).

In sub-Saharan Africa, wheat is cultivated under diverse agro-climatic conditions, ranging
from irrigated to rain-fed systems, with varying levels of mechanization (Asfaw Negesa et al.
2013). In Ethiopia, wheat is one of the most important cereals, forming a major component of the
diet and serving as a vital source of energy and protein for the highland population (Birhanu 2010).
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The total area allocated to wheat production during the 2019 meher season was estimated at 1.74
million hectares, accounting for 16.8% of national cereal acreage, with a production of 4.84 million
tons-ranking fourth after maize, teff, and sorghum (CSA 2020).

Despite this extensive coverage, the national average yield of 2.76 t ha™' remains far below
the potential yield of 8-10 t ha™ (CSA 2020). Despite its importance, wheat production in Ethiopia,
including Debre Eliase, faces significant constraints such as rust diseases, insect pests, and weeds,
which substantially reduce productivity (Getachew 2020).

Among foliar diseases, yellow rust caused by Puccinia striiformis is one of the most
destructive and widespread threats to wheat worldwide (Chai et al. 2015). In cool climates, it
affects nearly all wheat-growing regions and poses a formidable challenge to global wheat
production (Chen 2005). Its airborne spores enable long-distance dispersal, leading to severe
epidemics. Yield losses depend on varietal susceptibility, weather conditions, infection timing, and
disease duration (Chen 2005). In Ethiopia, yellow rust is a major production bottleneck, particularly
in highland areas (Ayele 2008a). Despite extensive global research, the disease remains a persistent
constraint, underscoring the need for optimized management strategies (Ayele 2008a).

Chemical control through fungicides offers a rapid and practical solution to rust outbreaks.
However, in Debre Eliase District, fungicide application has not been properly aligned with
recommended guidelines, agro-ecological conditions, or varietal responses. Farmers often lack
knowledge of the differential efficacy of fungicides across wheat varieties, resulting in reduced
yields and subsistence-level production. Previous studies have shown that combining resistant
varieties with fungicide application significantly reduces yellow rust severity, disease progress, and
spike infection compared to unsprayed plots (Getachew 2020). Therefore, evaluating the
effectiveness of fungicides in combination with specific wheat varieties is essential to develop
sustainable management options for yellow rust in Ethiopia.

Materials & Methods

The experiment was conducted in northwestern Ethiopia, East Gojam Zone, Eliase Zuria
Kebele. The Kebele lies at an altitude of 2,211 meters above sea level and is entirely classified
within the woyena-dega agro-ecological zone and located between Y 37° 90" 33”11 and X 11° 37
77" coordination. It receives an average annual rainfall of about 1,150 mm, with mean temperatures
ranging between 15°C and 27°C (Getachew 2020).

The experiment was planned to evaluate bread wheat varieties with differing levels of

resistance to yellow rust under recommended fungicide applications. Three varieties were included:
Picaflor, Ogolcho, and King-bird (Table 1).

Table 1 Description of varieties for field experiment.

Varieties Year of Height Releasing Reaction Altitude Rainfall
release center to YR

Ogolcho 2012 Semi dwarf EIAR MR 1500-2100m 500-800mm

Picaflor 2010 Semi dwarf EIAR S 1500-2200m 500-800mm

King-Bird 2014 Semi dwarf EIAR R 1500-2200m 500-800mm

EIAR= Ethiopian Institute of Agricultural Research, YR= Yellow Rust; MR= Moderately Resistant; S =
susceptible; R = Resistant.

These varieties were developed by different research institutes and selected based on high
grain yield potential, disease resistance, stability, and wide adaptation. They are currently cultivated
across large areas due to their agro-ecological suitability. Seed samples were obtained from Adet
Research Center, and germination tests conducted prior to sowing showed percentages of 97% for
Ogolcho, 97% for Picaflor, and 98% for Kingbird.

Two fungicides were used as treatments: Natura EW at 0.6 L ha™' and JEBA 250 EC at 0.5 L
ha™ (Table 2). These fungicides were applied according to recommended rates to assess their
effectiveness in combination with the selected wheat varieties for yellow rust management.
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Table 2 Description of fungicides used in the field experiment.

Name Registration Active ingredients Recommend Mode of
ation /ha action
NATURA250E ET/FN/R125/2013 Tebuconazole 25% 0.6 litter Systemic
W fungicide
JEBA250EC NO:ET/FN/SM/R04/20  Propiconazole250 EC 0.5 litter Systemic
17

EC= Emulsified Concentration, ha= hectare, EW =Concentrated Aqueous Emulsion.

There were nine treatment combinations derived from three bread wheat varieties and two
fungicides, resulting in a total of 27 experimental units (Table 3). Each plot consisted of five rows,
each 2 m long, including untreated controls. The experimental field measured 7 m X 23 m (161 m?),
with an effective plot size of 54 m?. Row spacing was 0.3 m, while plots and replications were
separated by 0.5 m and 1.5 m, respectively. Standard agronomic practices were uniformly applied
across all plots according to recommended wheat production packages. During fungicide
application, plastic sheets were used to minimize spray drift between plots.

Table 3 Description of treatment combination used for field experiment.

S/N Treatments Details of Treatment combination
1 T1 Picaflor nil spray

2 T2 Picaflor +Natura

3 T3 Picaflor +JEBA

4 T4 Ogolcho + nil spray

5 T5 Ogolcho +Natura

6 T6 Ogolcho + JEBA

7 T7 King bird nil spray

8 T8 King bird +Natura

9 T9 King bird + JEBA

Data on disease incidence, severity, yield, and yield-related traits were collected following standard
procedures.

Sowing was carried out on July 16, 2012 EC, with all inputs applied at recommended rates
and timings, except for fungicide treatments. Side dressing was applied 35—40 days after sowing at
two-thirds of the recommended rate. Pathogen development was anticipated to occur at the onset of
heading; therefore, fungicide spraying was initiated after heading to coincide with disease
establishment.

Disease incidence was determined by counting the number of tillers showing visible
symptoms of yellow rust (YR) infection and expressing the result as a percentage of total tillers
assessed. The calculation followed the formula described by Roelfs et al. (1992):

100

, o No.of diseased plants
Disease incidence = ( )
Total plants observed

Yellow rust severity was assessed on ten randomly pre-tagged plants located in the middle
rows of each plot. Observations were recorded at seven-day intervals, beginning from the first
appearance of disease symptoms on the susceptible check variety and continuing until the crop
reached physiological maturity. Severity was scored using the modified Cobb’s scale, and the
average severity of the ten pre-tagged plants per plot was used for statistical analysis.

To capture the dynamics of disease development over time, the area under the disease
progress curve (AUDPC) was calculated for each treatment using the formula of Wilcoxson et al.
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(1975), later standardized by dividing by the total duration of the epidemic period as described by
Campbell and Madden (1990). This provided a summary measure of disease intensity across the
season.

n—1

AUDPC = Z 0.5 ((Xj+1 + X))t — 1))

i—-1

Where, Xiis the cumulative disease severity expressed as a proportion at the i observation; t;
is the time (days after planting) at the i™ observation and n is total number of observations. Where
Xi = percentage of disease severity index (PSI) of disease at i™" assessment; t; = time of the i
assessment in days from the first assessment date and n = total number of disease assessments
through dividing the value by the total duration (tn-tl) of the epidemic periods following the
procedure described by Campbell and Madden (1990).

Disease progress rate was estimated using both logistic and Gompertz models (Vander 1993,
Berger 1981), with the logistic model providing the best fit. Infection rate parameters were
compared among treatments using ANOVA, and graphical analyses were performed with Sigma
Plot version 12.5.

The coefficient of infection was derived by combining terminal rust severity with varietal
resistance levels, offering a measure of varietal response under disease pressure.

Relative yield loss was then estimated by comparing unsprayed plots with sprayed plots of
the same variety, using the formula of Alemar Said (2013), thereby quantifying the impact of
disease on yield and yield components. Losses were calculated separately for each of the treatments
with different levels of disease by using the following formula.

RYL(%) — Yp — Yt = 100

Yp

Where, RL% =percentage of relative loss (reduction of the parameters; i.e. yield, yield
component) Y1 = mean of the respective parameter on sprayed plots (plots with maximum
protection) Y2 = mean of the respective parameter in unsprayed plots (i.e. unsprayed plots or
sprayed plots with varying level of disease) (Alemar Said 2013).

Agronomic and yield-related traits were also recorded to evaluate treatment effects. Days to
50% heading and 90% physiological maturity were noted from planting to the respective growth
stages. Plant height was measured on ten pre-tagged plants from ground level to the tip of the spike
(excluding awns), while spike length and number of spikelets per spike were also recorded from the
same plants. The number of kernels per spike was determined from the main tiller of each tagged
plant. Biomass was measured from three harvestable rows per plot, and thousand-kernel weight
was obtained using a sensitive balance after adjusting for moisture content. Grain yield was
recorded at 12% moisture content from the three internal rows of each plot and converted to kg
ha™'. Finally, harvest index was calculated as the ratio of grain yield to total aboveground biomass,
providing an integrated measure of crop performance under disease and fungicide treatments.

All the collected data were subjected to two-way analysis of variance (ANOVA) to determine
the main and interactive effects of factors (Gomez and Gomez 1984) using SAS software 9.2
versions. One-way analysis of variance was employed for those which showed significant effects
and least significance difference (LSD) was used to separate means among treatments.

Severity was scored at seven days interval and grain yield and yield components’ data were
subjected to Pearson correlation to determine the degree of their relationship based on correlation
coefficient (r) value.

Economic analysis was carried out using average yields across sites for each treatment
produced and the expenses that have been expended during the experiment. CIMMYT (1988)
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budget model was used for the analysis. Using this model the following formulas were used to
compute partial budget and marginal rate of return (MRR) analysis.

Net field benefits (NBs) = Gross field benefits (GB) - Total Variable costs (TVC) and MRR =
DNI/DIC, where: MRR = the marginal rate of return; DNI = difference in net income compared
with control and DIC = difference in input cost compared with control.

Results

Analysis of variance revealed that both the main effects of variety and fungicide type had a
highly significant influence on disease incidence (P < 0.01) (Table 4). At the first assessment date
(59 DAS), the susceptible variety Picaflor exhibited the highest incidence (15.5%), Ogolcho
showed moderate incidence (13.0%), while no infection was observed on the resistant variety King-
Bird (0.0%). By the final assessment (94 DAS), incidence levels had increased markedly, with
Picaflor reaching a maximum of 72.2%, confirming its high susceptibility to yellow rust (Table 4).

Table 4 The effects of fungicide and varieties on yellow rust incidence.

Treatments Mean incidence /%/ with in different date of assessment
59DAS 66 DAS 73 DAS 80DAS 87DAS 94DAS
variety Picaflor 15.5% 41.1% 50.0? 58.9? 65.5? 72.2%
Ogolcho 13.32 36.6% 47.8% 56.6% 62.2% 65.5%
King bird 0.0 20.0° 31.1° 36.6° 4220 45.5b
LSD 43 7.8 11.3 8.7 8.5 8.5
CcvV 44.6 24.3 26.5 17.3 15.1 14.0
Fungicide Nil 1.6* 16.5% 24.02 28.8% 33.22 37.0%
Natura 1.6 15.8% 19.55° 21.4° 22.6° 23.5°
Jeba 1.6* 11.7° 13.22°¢ 13.8¢ 14.1¢ 15.2¢
LSD 0.3 4.2 4.12 5.15 5.6 6.7
CV 22.47 15.7 19.4 20.3 15.6 14.8

DAS= Days after sowing, LSD = Least significant difference, CV= Coefficient of variance.

The analysis of variance indicated that both variety and fungicide application had significant
effects on yellow rust severity (P < 0.05) (Table 5). Disease symptoms appeared prior to fungicide
spraying, with the first assessment at 59 DAS showing 2.1% severity on the susceptible variety
Picaflor and 1.6% on the moderately susceptible variety Ogolcho, while no symptoms were
observed on the resistant variety King-Bird. By the final assessment at 94 DAS, severity had
increased substantially, reaching 31% on Picaflor and Ogolcho, whereas King-Bird maintained the
lowest severity at 13.5%. Fungicide treatments also showed clear differences in disease
suppression. The highest severity (37%) was recorded in untreated plots, while the lowest severity
(15.2%) was observed in plots treated with JEBA 250 EC, highlighting its superior effectiveness in
reducing yellow rust severity compared to other treatments (Table 5).

Table 5 Effects of fungicide and varieties on yellow rust severity.

Treatments Mean severity/%/ with in different date of assessment

59 DAS 66 DAS 73 DAS 80 DAS 87 DAS 94 DAS

Variety Picaflor 2.1# 20.1* 24.7% 27.1% 29.3% 31.2%
Ogolcho 1.6° 16.8* 22.1* 25.3* 27.6* 31.0*
King-Bird 0.0° 7.1b 9.8b 11.7° 13.0° 13.5°
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Table 5 Continued

Treatments Mean severity/%/ with in different date of assessment

59 DAS 66 DAS 73 DAS 80 DAS 87 DAS 94 DAS

LSD 0.3 4.2 4.1 5.15 5.6 6.7
Ccv 294 22.0 243 242 17.3 13.6
Fungicide Nil 1.6 16.5° 24.0° 28.8° 33.2¢ 37.0°
Natura 1.6 15.8% 19.55° 21.4° 22.6° 23.5°
Jeba 1.6a 11.7° 13.22¢ 13.8¢ 14.1¢ 15.2¢
LSD 0.3 4.2 4.12 5.15 5.6 6.7
Ccv 18.58 21.16 14.25 19.12 25.21 20.02

DAS = Days after sowing, LSD = Least significant difference, CV= Coefficient of variance.

The percentage of disease control (PDC) varied significantly among varieties and fungicide
treatments (Table 6).

Table 6 Effects of fungicide and varieties on terminal yellow rust severity.

Varieties Fungicide TRS PDC (%)

Picaflor Nil 49.0? 0
Natura 27.3¢ 442
Jeba 17.34def 64.6

Ogolcho Nil 41.6* 0
Natura 31.6" 23.8
Jeba 16.3¢ 60.0

King -Bird Nil 20.3¢de 0
Natura 11.6% 50.6
Jeba 8.68 57.3

LSD 10.0

CV 14.2

LSD = least significant difference, CV= coefficient of variance, TRS= Terminal rust severity, PDC =
Percent of disease control. Means with the same letters are not significantly different.

The highest control was observed in Picaflor (64.6%), followed by Ogolcho (60.0%) and
King-Bird (57.3%). Among the fungicides, JEBA 250 EC proved most effective, recording the
lowest disease severities of 17.3%, 16.3%, and 8.6% on Picaflor, Ogolcho, and King-Bird,
respectively. These results highlight the superior efficacy of JEBA 250 EC in suppressing yellow
rust across all tested wheat varieties.

Table 7 The interaction effects of fungicide and varieties on coefficient of infection.

Varieties Fungicides

Nil Natura JEBA
Picaflor 492 27.6% 17.3df
Ogolcho 35.4° 25,34t 13.0%
King-Bird 8.0 3.7¢ 2.28
LSD 9.3
CV 13.8

LSD =least significant difference, CV= coefficient of variation. Means with the same letters are not
significantly different and vice versa.
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The coefficient of infection was significantly influenced (P < 0.05) by the interaction between
wheat varieties and fungicide application (Table 7). Values ranged from 49% to 8.0% in untreated
plots, but decreased markedly following fungicide application. The highest coefficient of infection
after spraying (27.6%) was observed in the susceptible variety Picaflor treated with Natura,
whereas the lowest (2.2%) was recorded in the resistant variety King-Bird treated with JEBA 250
EC. These results demonstrate that varietal resistance combined with effective fungicide use
substantially reduces infection intensity (Table 7).

Significant difference (P < 0.05) in AUDPC for yellow rust was observed among the varieties
as well as fungicides. Mean AUDPC value among varieties for yellow rust ranged from 260.7
%days (on king- Bird variety) to 798.9% days (on Picaflor, susceptible variety). The maximum
AUDPC value among fungicides ranged from 350.0 %days (Jeba 250E.C) to 754.2% days (Nil)
(Table 8).

Table 8 The main effects of varieties and fungicides on yellow rust AUDPC.

Varieties AUDPC Fungicides AUDPC
Picaflor 798.9% Nil 754.2%
Ogolcho 561.9° Natura 517.4°
King-Bird 260.7° Jeba 350.0¢
LSD 143.3 LSD 143.3
Cv 26.7 Ccv 15.3

LSD= least significant difference, CV= coefficient of variation, AUDPC= area under disease progress curve.
Means with the same letters are not significantly different and vice versa.

Yellow rust infection rates varied across treatment combinations and assessment intervals. At
the second and third assessments (7 and 14 days after treatment), the highest rates were observed
on untreated Picaflor, with values of 0.3774- and 0.1081-units day, respectively. In contrast, the
lowest rates (0.1005 and 0.0209 units’ day ') were recorded on Kingbird plots treated with Jeba 250
EC. At later assessment dates, infection rates declined across all treatment combinations (Table 9).

Table 9 The effects of fungicides and varieties on yellow rust infection rate in days of interval.

Variety FT Days of interval
66DAS 73 DAS 80 DAS 87 DAS 94 DAS
Picaflor Nil 0.3744 0.1081? 0.0967° 0.0902? 0.0579°
Natura 0.3477% 0.09292 0.04922® 0.0293° 0.0429:
Jeba 0.2827° 0.0716%¢ 0.0437% 0.0274° 0.0394%
Ogolcho Nil 0.2737° 0.0706%> 0.0939? 0.0439° 0.0438%®
Natura 0.2639° 0.0595%¢ 0.0311% 0.0261° 0.0358%
Jeba 0.2339¢ 0.0445% 0.0148° 0.0251° 0.0229%
King-  Nil 0.2258 0.0424° 0.0702% 0.0314° 0.0437%
Bird Natura 0.1796% 0.0302° 0.0307% 0.0179¢ 0.0149°
Jeba 0.1005¢ 0.0209¢ 0.0108° 0.0126¢ 0.0116°
LSD 0.08 0.0593 0.0766 0.0438 0.0374
CV 18.5 22.78 43.7 38.8 13.8

LSD= least significant difference, CV= coefficient of variation, DAS= Days after sowing, FT= Fungicide
types. Means with the same letters are not significantly different and vice versa.
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Prior to fungicide application, infection rates for Picaflor, Ogolcho, and Kingbird were
0.2827, 0.2339, and 0.1005 unit day!, respectively. Following application of Jeba 250 EC, these
rates decreased substantially to 0.0394, 0.0229, and 0.0116 units day' for Picaflor, Ogolcho, and
Kingbird, respectively, demonstrating the effectiveness of the fungicide in reducing disease
progression.

The interaction between variety and fungicide application had a significant effect (P < 0.05)
on the number of days from sowing to 50% heading (Table 10).

Table 10 The interaction effects of variety and fungicide on agronomic treats of bread wheat.

Treatments DH DM PH SL SPS NKS GY TKW BY

Picaflor + nil 55.12  103.0° 743°¢ 314 53¢ 1874 1.1° 17.18 3.7f
Picaflor+Natura 57.52F  109.6%¢ 76 400 6.8% 239¢ 1.6 25.7° 55°
Picaflor +JEBA 66.2c  107.3%d  86.5 6.9 11.6° 40.6° 2.8 338> 9.7b
Ogolcho + nil 63.49  104.3% g5 349 574 2014 1.6 2160 5.6°
Ogolcho+Natura ~ 68.1°  106.3%  86.6° 59° 99% 347¢ 2719 288¢ 7.2¢
Ogolcho+ JEBA 70.2%  115.0° 8434 86> 144> 504° 3.0° 35.0* 10.3°
King-Bird + nil 62.2° 111.0°¢ 82.4% 414 69¢ 2409 27¢ 27.5% 92°
KingBird+Natura ~ 70.7* 112 95ab 8.6° 145 50.7° 2.9% 31.3°  10.0%
King-Bird+JEBA  71.9*  124.0°  97.6*° 10.5* 17.7* 62.0° 3.5a 36.1* 12.1°
LSD 3.21 4.6 8.9 1.4 2.14 83 03 22 1.1
cv 9.7 2.5 6.15 13.5 135 135 7.65 45 7.6

DH = Days to 50%heading; DM = Days to 90% physiological maturity; PH = plant height; SL = Spike
length; SPS= Spikelet per spike, NKS = Number of kernels per spike; GY = Grain yield; TKW = Thousand
kernels weight; BY= Biomass yield.

The untreated susceptible variety Picaflor reached 50% heading earliest at 55.1 days, whereas
the moderately resistant variety Ogolcho treated with Jeba 250 EC required the longest duration,
reaching 50% heading at 71.9 days. This variation indicates that both genetic resistance and
fungicide application influenced crop phenology, with resistant varieties under effective fungicide
protection tending to delay heading compared to untreated susceptible plants (Table 10).

The interaction between variety and fungicide application significantly influenced crop
phenology and growth traits (P < 0.05) (Table 10). Days to 90% physiological maturity were
longest in Kingbird treated with JEBA 250 EC (124.0 days), while the shortest duration was
observed in untreated Picaflor (103.0 days). Similarly, plant height was markedly affected, with
King-Bird combined with JEBA 250 EC producing the tallest plants (97.6 cm), whereas untreated
Picaflor produced the shortest (74.3 cm). Spike length followed the same pattern, reaching 10.5 cm
in King-Bird treated with JEBA 250 EC compared to only 3.1 cm in untreated Picaflor.

Yield components also showed significant differences. The maximum number of spikelets
per spike (17.7) was recorded in King-Bird treated with JEBA 250 EC, while the minimum (5.3)
occurred in untreated Picaflor. Kernel number per spike ranged from 62.0 in King-Bird with Jeba
250 EC to 18.7 in untreated Picaflor. Thousand-kernel weight varied between 17.1 g and 36.1 g,
with the highest value observed in Kingbird treated with Jeba 250 EC and the lowest in untreated
Picaflor. Grain yield ranged from 1.1 to 3.5 t ha™', with Kingbird under JEBA 250 EC treatment
producing the maximum yield, while untreated Picaflor yielded the minimum. Biomass yield
followed a similar trend, with Kingbird treated with Jeba 250 EC producing the highest biomass
(12.1 t ha™') compared to only 3.7 t ha™! in untreated Picaflor (Table 10). These results demonstrate
that varietal resistance combined with effective fungicide application not only reduced disease
pressure but also enhanced crop growth, yield components, and overall productivity.

The results demonstrated that Jeba 250 EC was highly effective in reducing yield losses
across all three wheat varieties (Table 11). The maximum yield loss (61.3%) occurred in untreated
Picaflor, confirming its high susceptibility to yellow rust. In contrast, the minimum yield losses
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were consistently observed in plots treated with Jeba 250 EC, regardless of variety. This clearly
indicates that fungicide application, particularly in combination with resistant or moderately
resistant varieties, substantially mitigates yield reduction and enhances wheat productivity.

Table 11 The effects of fungicide and varieties on yield losses of bread wheat.

Treatment Grain yield kg/plot Losses /%/

Varieties Fungicides

Picaflor Nil 1.1 61.3
Natura 1.6 43.2
Jeba 2.8 0

Ogolcho Nil 1.6 45.1
Natura 2.1 29.8
Jeba 3.0 0

King Bird Nil 2.7 23.8
Natura 2.9 16.8
Jeba 3.5 0

The results showed that maximum thousand kernel weight losses (49.0%) were recorded on
unsprayed Picaflor followed by unsprayed Ogolcho (Table 12). Thousand kernel weights on
susceptible variety (Picaflor) revealed significant losses as compared to resistant variety (King-
Bird). The lowest thousand grain weight loss (27%) was obtained from unsprayed check (Table
12).

Table 12 The effects of fungicides and varieties on thousand kernel weight losses of bread wheat.

Treatment TKW Losses /%/

Varieties Fungicides

Picaflor Nil 17.1 49.0%
Natura 25.7 24.0%
JEBA 250 EC 33.8 0%

Ogolcho Nil 21.6 41.4%
Natura 28.8 17.7%
JEBA 250 EC 35 0%

King Bird Nil 27.5 23.9%
Natura 31.3 13.3%
JEBA 250 EC 36.1 0

TKW= thousand kernel weight.

Simple correlation analysis was used to examine associations among disease variables and
yield-related parameters (Table 13). The results showed that disease parameters—AUDPC,
terminal severity, coefficient of infection, and infection rate—were all significantly correlated with
each other (P < 0.01). AUDPC exhibited strong positive correlations with coefficient of infection (r
=0.964), infection rate (r = 0.965), and terminal severity (r = 0.965**).

Table 13 Association tests of disease and yield and yield related parameters.

NKS TKW GY TRS AUDPC CI R
NKS 1
TKW 924" 1
GY 925™ .883™ 1

TRS 782" 773 767 1
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Table 13 Continued

NKS TKW GY TRS AUDPC CI R
AUDPC -775" 7617 7717 965" 1

CI -.660™ 676" 674" 955" 964" 1

R -.783 774 770 1.000™ 965 955 1

NKS= Number of kernels per spike, TKW= thousand kernel weight, GY= Grain yield, TRS= terminal rust
severity, AUDPC= Area under Disease Progress Curve, CI= Coefficient of infection, R= infection rate.

Similarly, yield and yield components were significantly correlated with one another, with
grains per spike showing strong positive associations with thousand-kernel weight and grain yield.
In contrast, disease parameters were negatively correlated with yield and yield components (P <
0.01). AUDPC was strongly and negatively correlated with grains per spike (r = —0.775), thousand-
kernel weight (r = —0.761), and grain yield (r = —0.771). Terminal severity also showed strong
negative correlations with grains per spike (r = —0.782), thousand-kernel weight (r = —0.773), and
grain yield (r =—0.767). These findings highlight the inverse relationship between disease intensity
and crop productivity, confirming that higher yellow rust pressure substantially reduces yield and
yield components.

Economic analysis revealed that King-Bird treated with JEBA 250 EC provided the greatest
benefit compared to other treatment combinations (Table 23). The maximum net benefit (NB) of
65,784 ETB ha™' was obtained from Kingbird combined with Jeba 250 EC, accompanied by an
exceptionally high marginal rate of return (MRR) of 7,938%. This was followed by Kingbird
treated with Natura, which yielded a net benefit of 57,846 ETB ha™', and Ogolcho treated with
JEBA 250 EC, which produced 55,956 ETB ha™'. These results clearly demonstrate that integrating
resistant varieties with effective fungicide application, particularly JEBA 250 EC, not only reduces
disease pressure but also maximizes economic returns for wheat production.

Table 14 Partial budget analysis and relative yield loss due to yellow rust as affected by a
combination of varieties and fungicides application.

Treatment GY AGY GB cost TVC NB MNB MRR

t/ha birr/ha (ETB)

FT Labor

P+ NIL 1.1 0.99 20790 0 0 0 20790 O 0
P+NA 1.62 1.458 30618 250 1250 1500 29118 8328 555.2
O+NIL 1.66 1.494 31374 0 0 0 31374 2256 2256
P+PR 2.11 1.899 39879 250 1250 1500 38379 7005 467
O+NA 2.13 1917 40257 250 1250 1500 38757 378 378
O+PR 2.66 2.394 50274 250 1250 1500 48774 10017 10017
K+ NIL 271 2.439 51219 0 0 0 51219 2445 2445
P+JEB 286 2.574 54054 250 1250 1500 52554 1335 89
K+NA 296 2.664 55944 250 1250 1500 54444 1890 1890
O+JEB 3.04 2.736 57456 250 1250 1500 55956 1512 1512
K+PR 3.14 2.826 59346 250 1250 1500 57846 1890 1890

K+JEB 3.56  3.204 67284 250 1250 1500 65784 7938 7938

AGY= Adjusted grain yield ton, FT= Fungicide Type, TVC= Total Variable Cost, GY= Grain Yield,
GB = Gross benefit, NB= Net Benefit, MRR= Marginal rate of return.

Discussion
The present study confirmed that both varietal resistance and fungicide application
significantly influenced yellow rust development, yield components, and overall productivity. The
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susceptible variety Picaflor consistently exhibited the highest disease incidence and severity, while
Kingbird maintained the lowest levels of infection, reflecting its genetic resistance. These findings
are consistent with earlier reports that varietal susceptibility largely determines the extent of yield
losses caused by yellow rust (Wellings 2011, Ayele et al. 2008a).

Fungicide application, particularly JEBA 250 EC, proved highly effective in suppressing
disease progression. AUDPC, infection rate, and coefficient of infection were markedly reduced in
treated plots, with JEBA 250 EC consistently outperforming other fungicides. This agrees with
Chen (2007), who emphasized fungicide application as one of the most effective means of
managing cereal rusts. Tesfaye et al. (2018) similarly reported that fungicide sprays significantly
reduced disease severity and AUDPC values, leading to improved grain yield. The strong negative
correlations observed between disease parameters and yield components in the present study further
highlight the detrimental impact of yellow rust on wheat productivity, in line with findings by
Wubishet & Chemeda (2016).

The dynamics of disease progress observed here also align with previous studies. Murray et
al. (2005) noted that fungicides suppress early infections but cannot stop older infections, which
continue to develop as dead stripes on leaves. This explains the decreasing rate of disease progress
observed after fungicide application in our study. Moreover, the rate of disease progress was
strongly influenced by varietal resistance, with Kingbird showing the lowest infection rate
compared to Picaflor and Ogolcho, consistent with reports by Wubishet Alemu et al. (2015).

Agronomic traits such as heading date, physiological maturity, and plant height were also
affected by the interaction of variety and fungicide. Resistant varieties under effective fungicide
protection exhibited delayed heading and maturity, taller plants, and longer spikes, suggesting that
disease suppression allowed extended vegetative growth and improved resource allocation to
reproductive structures. Abdulkerim et al. (2015) similarly reported varietal differences in maturity.
Plant height differences observed here are consistent with Shahzad et al. (2007), who attributed
height variation to genetic makeup and environmental factors, and with Yared Tesfaye et al.
(2018), who reported taller plants under fungicide treatment compared to untreated plot.

Yield components were significantly improved by fungicide application. Kernel number per
spike, spikelets per spike, and thousand-kernel weight were all higher in treated plots, particularly
in Kingbird with JEBA 250 EC. This agrees with Hailu & Finansa (2007), who reported better
yields in sprayed plots, and with Tesfaye et al. (2018) and Wubishet & Tamene (2015), who found
that fungicide treatments increased thousand-kernel weight. The reduction in yield losses observed
in this study also supports earlier findings by Ransom & McMullen (2008), Wegulo et al. (2009),
who reported that foliar fungicides can reduce yield losses by 5.5-44% and up to 42%,
respectively.

Economic analysis reinforced the agronomic findings, showing that Kingbird treated with
JEBA 250 EC generated the highest net benefit and marginal rate of return. This demonstrates that
integrating resistant varieties with effective fungicide management not only secures yield but also
maximizes profitability. Similar conclusions were drawn by Chen (2005), who noted that
susceptible cultivars may suffer complete yield loss, while moderately resistant varieties still
experience up to 50% losses without fungicide protection. Wellings (2011) also reported potential
yield losses of up to 65% in susceptible cultivars, underscoring the importance of fungicide use in
areas where rust is endemic.

Overall, the study highlights the importance of adopting integrated disease management
strategies that combine host resistance with judicious fungicide use. As Jeger (2004) suggested,
varietal mixtures with different levels of resistance, supplemented by effective fungicide
application, can suppress disease development more effectively. Our findings confirm that resistant
varieties such as Kingbird, when combined with JEBA 250 EC, not only reduce disease pressure
but also enhance agronomic performance and economic returns, thereby contributing to sustainable
wheat production under yellow rust pressure.
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