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ABSTRACT

Bread wheat is an important staple food for Ethiopian people and cultivated in the mid and high land areas of the
country. However; the productivity of the crop has been very low, due to numerous factors. Lack of improved disease
resistance varieties are among the major factors in the area. To alleviate such problem evaluation of the performance
varieties for disease and yielding potentials across locations is a paramount. Therefore, this study was conducted with
the objectives of evaluating the performance of improved bread wheat varieties for diseases resistance and yielding
potential under different agro-ecological conditions of the area. Ten bread wheat varieties were evaluated in
Randomized Completed Block Design (RCBD) across three locations with two replications during 2023/24 cropping
season. The combined analysis of ANOVA revealed that testing locations, varieties and location by varieties
interactions showed significant variations for plant height, above ground biomass, septoria disease severity, AUDPC,
yellow rust, spike length and grain yield. The highest septoria disease severity (84.0%) and AUDPC value of 2539.8%
was recorded on wane variety at Debre Elias testing location. Ogolcho and Hidase varieties were recorded the highest
yellow rust infection. Boru and Daka varieties recorded the highest grain yield associated with lower diseases severities
across the testing environments. However, the resistance of varieties will break through time thus continues
evaluation of released varieties across location is an important strategy to improve the grain yield and quality of
produce in the country.
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INTRODUCTION production, wheat ranks third after teff and maize. In total grain

production, wheat ranks second after maize in the country. It
Wheat is the most important food security crop at the global  plays an important role in everyday life of the world’s population
level with a production of 750 Million Tons (MT) on about 220 and provides over 21% of the food calories and 20% of the
million hectares. Wheat alone plays a particularly crucial role in  protein to more than 4.5 billion people, thereby playing a
ensuring global food/nutrition security, supplying a fifth of fundamental role in food security. It is one of the miracle crops
global food calories and protein. Sub-Sahara Africa produced a  of the 20™ century playing a significant role in the Green
total of 7.5 MT on a total area of 2.9 Mha accounting for 40 and  Revolution led by Norman Borlaug, which dramatically reduced
1.4% of the wheat production in Africa and at global levels, poverty, hunger and saved millions of lives worldwide [1].
respectively. Ethiopia is the largest wheat producer in sub-
Saharan Africa and is cultivated over 1.89 million hectares of
land, accounting for 14.62% of the total grain crop area, with an
annual production of 5.8 million tons, contributing about
16.91% of the total grain production. In terms of area

Wheat is largely grown in the mid and highland areas of
Ethiopia spanning at altitudes of 1500 to 3000 meter above sea
level (masl). However, enhancing its production is facing many
challenges i.e., changing of climatic factors and biotic stresses
that cause significant yield loss. Among various biotic stresses,
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three rust diseases i.e., stem, yellow and leaf rusts are still the
major threats to wheat production globally. Yellow rust is one of
the most widely destructive plant diseases in modern winter
cereal production. Septoria is also the major disease of wheat in
all wheat growing areas of the world causing serious economic
losses. The diseases are the major production bottlenecks in the
country and in the area. Yellow rust can cause a yield loss up to
91% and till complete crop failure, and also Septoria causes up
to 54.4%. In the area both improved varieties as well as, local
cultivars were become out of production because of the diseases.
Since, each variety has a genotype-specific ability to maintain
performance over a wide range of environmental conditions
varieties should be evaluated across many agro ecologies. This
ability shows the performance adaptability of a variety. Such
ability is important because growers naturally want to use
varieties which perform well in their own fields. However, the
performance of a genotype in a given environment is more
important for wheat cultivation and improvement. Demand for
differential agronomic traits depends on the production
environment of farmers and the extent to which they rely on
genetic traits, rather than purchased inputs, to combat biotic
and abiotic pressures. Thus the experiment was conducted with
the objectives of evaluating the performance of improved bread
wheat varieties for diseases resistance and yielding potential
under different agro-ecological conditions of the area.

MATERIALS AND METHODS

Description of the study areas

The study was carried out on three locations i.e., Aneded (On
station), Baso Liben and Debire Elias districts of East Gojjam;
major wheat potential growing areas of the region. The study
zone is dominated by three major agro-ecologies: highlands
(2300-3200 masl), midlands (1500-2300 masl) and lowlands
(500-1500 masl). In all study areas mixed crop-livestock farming
is the predominant mode of agricultural production. Wheat, tef,
barley and maize are the major cereal crops, together with
pulses, oil crops and vegetables. Aneded’s testing site was located
at an altitude of 2480 meter above sea level (masl). The
minimum and maximum temperature ranges from 11.8°C to
27.2°C and receives adequate rainfall of 1500 mm per annum.
The site at Baso Liben district was located at 2780 masl and
receives a mean annual rainfall of 1020 mm with a monthly
mean minimum and maximum temperature of 7.9°C and
18.6°C, respectively. Whereas, Debre Elias testing site was
located at an altitude of 2220 masl with average annual rainfall
of 1600 mm with minimum and maximum temperature of 17°C

and 27°C [2].

Materials and experimental design

Ten improved commercial varieties released from Ethiopian
Institute of Agricultural Research, were used to execute the
experiment. Randomized Complete Block Design (RCBD) with
two replications at three testing locations was applied for the
experiment. Four rows of 0.2 m spacing between rows and 3.0 m
row length was used for harvestable plot size of (2.4 m?2). Seed
rate of 150 kg hal and fertilizer rate of 200 kg hal NPS and
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150 kgha! UREA were used. UREA was applied in split form.
All other agronomic practices were performed as per the
recommendation across all the test locations.

Agronomic data: All agronomic, vyield and vyield related
components were recorded on the middle four rows of each
plot. The parameters from which data was collected along with
their details are mentioned below:

Plant Height (PH): Average heights of ten plants in each
experimental plot were measured in centimeters from ground
level to the tip of the spike, excluding awns.

Above Ground Biomass Yield (AGBY): The weight of all four
central row plants including tillers harvested at the level of the
ground.

Spike Length (SL): The main spikes from ten plants were
measured and averaged to represent the spikes length in
centimeters.

Grain yield (GY): Grain yield in g/plot at 12% moisture
content was recorded and converted to kg/hectare.

Diseases assessment

Disease assessments were conducted on weekly basis after the
disease on set date. Septoria disease was measured on the basis
of a doubledigit scale. The first digit (0-9) represents the leaf
blotch upward migration on the plant, and the second digit (0-9)
determines the severity of the total foliar infection of leaves.
Scoring of yellow rust diseases were conducted based on the
field response and the percentage of infected tissue (severity) [3].
Rust severity (%) was estimated as a percentage of leaf area
covered by rust. Plant reaction (infection type) was expressed in
five types; immune (0), Resistant (R), Moderately Resistant
(MR), Moderately Susceptible (MS) and Susceptible (S). Disease
parameters for individual varieties were recorded using the
following formula.

Disease incidence (%)=(No. of diseased plants/Total no. of
plants examined) x 100

Disease severity (%)=(Area of plant tissue infected/Total area of
the plant part examined) x 100

Area under disease progress curve was calculated using the
equation suggested by Arama, et al.

AUDPC = 3" T05(x i + 1+ xi)(ti + 1 — ti)

Where, xi=The average coefficient of infection of ith record
Xi*1=The average coefficient of infection of i+1™ record
t*Lti=Number of days between the i record and i+1t%h record

n=Number of observations.

Statistical analysis

The collected data from each of the three locations were
subjected to Analysis of Variance (ANOVA). Comparison of

treatment means was made using least significant difference
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(LSDg o1 and LSDgs) values were used for mean separation.
The relationship between disease parameters with yield and
yield components correlated using the
correlation procedures of SAS computer software package
version 9.0.

b
were Pearson’s

RESULTS AND DISCUSSION
The combined Analysis of Variance (ANOVA), revealed statistically
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significant differences in growth parameters, disease intensity,
mean grain yield and other quantity traits between varieties,
locations and varieties by locations interactions across the testing

sites (P<0.01 and P<0.05) [4,5]. However,

variations were observed on locations by varieties interaction

non-significant

effect on terminal septoria and yellow rust diseases (Table 1).

Table 1: Combined analysis of variance for various traits of improved bread wheat varieties evaluated at three locations during

2022/23 cropping season.

Source of DF

Squares mean

variation

PH (cm) AGBM Septoria (TS) AUDPC Yellow rust SPL (cm) Yield (t/ha’l)
(t/ha'l) (% days)

Replication 1 11.210 0.07ms 416.07" 537706.67"  20.42™ 0.50 0.22m
Locations 2 286.80" 72.95” 328.47" 823734.02”  458.75~ 11.93” 3.40”7
Varieties 9 133.45" 9.17" 1509.44" 1180895.29"  1949.12” 2.43" 243"
Location x 18 26.33” 4.83" 190.02" 207078.28"  48.57™ 0.47 0.59”
Varieties

Error 18 5.48 1.46 90.14 62614.3 26.44 0.17 0.11

R? 0.96 0.93 0.92 0.94 0.98 0.95 0.95

CV (%) 2.52 10.68 16.56 19.44 22.6 4.94 723

Note: DF: Degree of Freedom; PH: Plant Height in cm; AGBM: Above Ground Biomass Weight in ton per hectare, Septoria TS: Terminal Severity;
AUDPC: Area Under Disease Progress Curve % in days, SPL: Spike Length in cm, *Significant at 0.05, **Significant at 0.01, ns: non-significant.

Septoria disease severity and area under disease
progress curve

There were significant (P<0.05) variations among the varieties in
levels of terminal septoria disease severity and Area Under
Disease Progress Curve (AUDPC) (Table 2). Among the tested
locations, the highest septoria disease severity 84.0%, 83.5%
and 78.5% were recorded on Wane, Lemu and Hidase varieties
at Debre Elias testing site in the ordered mentioned. Also, the
highest AUDPC value of 2539.8%, 2413.3% and 2041.8%-days
were also recorded on Wane, Lemu and Dursa varieties, at this
testing site, respectively. This may be due to the environmental
suitability for disease development in this area [6]. While the
lowest disease severity, 26.5% on Boru and 32.0% on Danda’a
varieties were recorded at on station and Baso Liben testing
locations, respectively. Similarly, the lowest AUDPC values of
574.5% days was recorded on Boru variety at Baso Liben testing
site followed by 656.0 % days AUDPC record at Debre Elias
testing site on Danda'a variety. The area under the disease
progress curve is a useful quantitative summary of disease
intensity over time, for comparison across years, locations, or
management tactics. This is because; AUDPC represents both
the amount of infection of the disease and the rate at which the
disease or pathogen has increased during an epidemic. Boru and
Danda'a varieties showed the lowest AUDPC values in areas of
higher septoria disease prevailing areas.
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Yellow rust disease

There were a significant (P<0.01) variations among the tested
varieties in reactions of yellow rust severity at all locations (Table
2). The highest yellow rust disease severity was recorded on
Ogolcho (70% S) and Hidase (65% S) varieties which are widely
grown in the area and becoming out of production because of
the disease. However, the lowest yellow rust disease severity was
recorded on Boru (5%) variety at all testing locations. Boru
variety showed lower disease severity for major disease (yellow
rust, septoria, fusarium head blight) of the area and can be
grown for broad agro ecologies. Even if, variability existed across
the testing locations for yellow rust severity among the bread
wheat varieties, no varieties showed immune rust reaction
throughout the season in all tested locations. This might be due
to the evolvement of new race in the involvement of exotic race
of pathogen. The growth and development of wheat was
adversely affected by yellow rust at all testing locations. The
result is in line with the finding that early disruption of the
plant’s capacity and competition with
reproductive structures by the pathogen leaves less assimilate

photosynthetic

available for grain fill than situations where rust infection occur
later.
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Table 2: Combined analysis of variance for various traits of improved bread wheat varieties evaluated at three locations during

2022/23 cropping season.

On station Debre Elias Baso Liben
Variety Septoria AUDPC Yellow rust  Septoria AUDPC Yellow rust  Septoria AUDPC Yellow rust

(TS) (% days) (TS) (% days) (TS) (% days)
Boru 26.54 590.5¢ 12.5b 37.0¢ 932.3de 2.5d 37.04 574.54 5.04
Kakaba 75.5° 1691.8 15.0b 69.0 1824.5b¢ 15.0¢ 72.0° 1383.0b¢ 12.5¢
Balicha 42.0de 736.5b¢ 10.0b 57.0b 1177.8de 10.0¢ 62.52bc 1438.02bc 15.0«d
Daka 47.5bed 993 5abe 15.0b 32.5¢ 706.0¢ 12.5¢ 37.04 7304 22.5¢
Danda’a 52.53bcd 1218.32be 15.0b 32.5¢ 656.0¢ 15.0¢ 32.04 663.0¢ 17.5¢
Dursa 59.,03be 1354.5abe 17.55 78.0° 2041.8% 10.0¢ 68.0% 1736.0% 20.0¢
Lemu 68.5% 1367.0° 15.0° 83.5% 2539.8 10.0¢ 77.5% 1925.0° 22.5¢
Wane 72.5% 1558.3 25.0° 84.0° 2413.32 15.0¢ 67.5% 1295.3b¢ 20.0¢
Ogolcho 56.53b¢ 1201.82b¢ 60.02 69.02b 1452.0%d 55.0 51.5bed 924.5¢ 70.0
Hidase 53.50be 1266.82b¢ 65.0° 78.5% 1448.3¢d 27.50b 42,0 764.8¢ 55.0b
Mean 55.3 1198.35 25 62 1519.15 17.25 54.7 1143.4 26
CV (%) 20.84 28.71 28.13 13.24 16.23 16.87 20.56 20.12 17.2
LSD(o.05) 26.09 778.37 19.15 18.56 557.74 6.59 25.44 520.34 10.12

Note: Septoria TS: Terminal Severity, AUDPC: Area Under Disease Progress Curve % in days, SPL: Spike Length in cm, *significant at 0.05.

Plant height

The analysis of variance indicated that plant height was
significantly varied at p<0.05 among the tested varieties under
testing locations. Among wheat varieties, the maximum (102.0
cm) plant height was recorded on Ogolcho variety, followed by
101.4 cm plant height noted in variety Danda’a (Table 3) which
were recorded at Baso liben experimental site. The shortest
plant height of 78.83 cm was observed on Wane variety at Debre
Elias experimental site. In agreement with the present study,
Solomon reported a significant variation in plant height among
different bread wheat varieties. These results are further
supported by Yu who reported considerable variation in the
plant height of different wheat varieties when planted under
various environments. Biological diversity was observed in
different wheat varieties and advanced lines under multi-
environment trials by Ozgen and Voltas et al., while the growth

J Plant Pathol Microbiol, Vol.16 Iss.3 No:1000767

response in varieties differed with the environmental conditions

(7].

Above ground biomass yield (t/ha’l)

Above ground biomass yield was showed significant (P<0.01)
variations among varieties tested across locations and the
maximum biological yield (15.63 t/hal) was recorded on
Danda’a variety at Baso Liben testing site. It was also observed
that above ground biomass yield was markedly higher on Boru
and Daka when compared to the rest of the varieties tested.
While, Hidase (6.58 t/hal) and Wane (6.96 t/ha’l) varieties at
Debre Elias testing site recorded the lowest biomass yield than
other varieties because of higher septoria diseases severity. There
was a severe defoliation and destruction of the green leaf tissues
of photosynthetic area of infected leaves causes withering of
leaves of the crop. Moreover, for the biomass yield, since disease



Bekele B

severity was higher at Debre Elias, a high significant difference
was observed between varieties across testing locations. Biomass
reductions were due to the effects of disease associated with a
reduced capacity of the canopy to absorb solar radiation,
suggesting that the disease could affect the photo-synthetic
activity at the leaf or canopy level.

Spike length (cm)

The spike length was influenced significantly (P<0.05) by testing
bread wheat varieties of wheat. The highest (10.5 cm) spike
length was recorded at Aneded (On-station) on Daka variety
followed by Boru and Lemu varieties with average spike length
of 10.3 cm and 10.0 cm, respectively. However, non-significant
variations were observed between them. The lowest spike length
of 6.50 cm was recorded in variety wane at Debre Elias testing
site. Statistically the differences between Wane, Balcha, Ogolcho
and Kakaba were non-significant (P>0.05). Similarly, it was
observed that Boru variety showed remarkable position in spike
length under soil and climatic conditions of all experimental
Most of the evaluated cultivars exhibited better
performance in spike length at on-station and Baso Liben testing

locations.

locations than Debre Elias site due to relatively lower septoria
disease severity in those locations [8]. These results are in
concurrence to the finding of Voltas et al. who found that spike
length were genetically influenced by the breeding material for
cultivars developed in different

development of wheat

environmental conditions.

Grain vield (GY) (ton ha'l)

According to the results of ANOVA, the tested varieties were
found to have a statistically significant effects (p<0.01) on grain
yield in the tested locations (Table 3). The variations for grain
yield was ranged from 2.96 t ha'l to 6.33 t ha'! with a mean
value of 4.66 t ha! during the growing season. The maximum
grain yield of (6.33 t ha'l) at Baso Liben, (6.0 t ha'!) at on station
and (5.56 t ha'l) at Debre Elias was obtained from Boru variety.

OPEN @ ACCESS Freely available online

The second highest grain yield (5.68 t/ha') was recorded from
Daka variety at Baso Liben testing site. Thus, the highest grain
yield (6.33 t ha') obtained from Boru variety at Baso Liben
testing site exceeded the yield obtained from Daka, Hidase,
Ogolcho and Lemu by about 11%, 31%, 55% and 68%,
respectively at the same location. This higher grain yield might be
associated with genetic make of parental material of these
varieties, because under similar soil, climate, input and crop
management conditions, the grain yield differed significantly.
Thus the adaptability and genetic makeup of the parental
material leads low disease severity of the variety in the tested
environmental conditions. Similar study has been reported that
the main factor affecting yield in wheat is its genetic structure.
Therefore, genotypes should be
environments; i.e., on multiple locations or over different years to

evaluated in different
determine the grain yield potential. While the lowest grain yields
of 2.96 t ha'! were recorded on wane variety because of higher
septoria infection. Almost all evaluated varieties showed relatively
lower grain yield at Debre Elias testing location. This might be of
the presence of higher septoria disease pressure in the area.
However, some varieties gave higher yield in Debre Elias testing
site than other locations because of its genetic resistance for
septoria disease. Thus, Danda’a variety evaluated at Debre Elias,
recorded the highest grain yield than the other testing sites. These
result is in line with the study of Porfiri et al. reported that grain
mostly associated with the
genotypes should be
evaluated in different environments; i.e., in multiple locations or

yield of wheat varieties is
environmental conditions. Therefore,

over different years to determine the grain yield potential. As not
only hereditary affects the yield potential of the varieties but also
abiotic and biotic stress factors have a role in the variation of
genotype responses in different climates and soil structures.

Table 3: Combined analysis of variance for various traits of improved bread wheat varieties evaluated at three locations during

2022/23 cropping season.

Variety  Aneded Debre Baso
Elias Liben
PH(cm) AGBM  SPL(cm) Yield PH(cm) AGBM  SPL(cm) Yield PH(cm) AGBM  SPL (cm) Yield
(t/ha’) (t/ha’l) (t/ha’l) (t/ha'l) (t/ha’l) (t/ha’!)
Boru 97.0° 13.13@ 103> 6.00° 88.50h  10.67°  8.83° 5.56° 97.60¢  13.333c 9250 6.33
Kakaba ~ 90.9d¢ 11.25%  9,0bed 4.78bd 92.83b  10,04bc 733 481bc 95504 10.63¢d  8.55P 5.51be
Balicha  93.5b«d 13542 7.7d 5.06b 88,50 9,5bed 6.67¢d 4.70¢ 87.20f 12.920be  820be  5.26b¢
Daka 99.02b 13.54* 105 545 g89.33be 10,00 833  377d 99.80°  12.50bc  8.40bc  5,68%®
Danda’a  100.5*  12.67b  9.1b¢ 4,124 96.67°  13.63*  8.50° 5.412b 101.4%> 15632 820bc  5.14bd
Dursa  88.8¢ 13.13* 8.2 5340 g567cde  7q1ede  750be 374d 85.80f  9.58d 8.5 4.40def
Lemu 99.5% 13.54*  10.0° 4.35¢de  g7,67bed  738ef 7.33«d 3.774 90.00°  10.63¢ 9,05 3.77f
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Wane 96.22bc  12.08b  8.1¢d 4.79bd 7883 6.96¢f 6.50d 2.96¢ 87.0f 13.54  8.00° 4.93bcd
Ogolcho  100.17 10.250  9.4abe 3.96¢ 98.172 8.79def  717¢d 3.694 102.00  13.133c  830bc 4,09
Hidase — 96.0%¢  10.25>  8.6% 4.00¢ 81.0de 6.58f 7.33d 3.579¢  90.60e  13.33%c  85bc 4.83¢de
Mean 96.15 12.34 9.09 4.78 88.72 9.13 7.55 4.2 93.69 12.52 8.43 4.99
CV (%) 274 9.88 6.69 6.75 3.49 8.98 5.59 6.82 0.91 9.7 2.6 7.31
LSD(05) 5.97 2.76 1.38 0.73 7.01 1.85 0.96 0.65 1.92 2.75 0.5 0.83

Note: PH: Plant Height in cm; AGBM: Above Ground Biomass weight in ton per hectare; SPL: Spike Length in cm, *significant at 0.05.

Correlation between disease parameters, yield and
yield components
Correlation coefficients are useful in finding the degree of

any  two
Correlation coefficients between the studied traits under the

overall linear association between attributes.
testing locations were presented (Table 4). The significant
positive correlations were recorded between plant height and
spike length (r=0.531"") and biomass weight (r=0.577"") in the
season. Also, spike length and above ground biomass weight
were also recorded positive correlations (r=494"). Grain yield
was also displayed a significant positive correlation with plant

height (r=0.357"), spike length (r=0.405"") and biomass weigh
(r=0.646"") in the growing season.

The Pearson correlation coefficient analysis revealed that inverse
relation was present between the disease score levels and grain
yield (Table 4). This is the implications of septoria disease,
AUDPC and yellow rust diseases which directly affects the
kernel quality of wheat grains resulting yield reduction. These is
an indication of that the yield components are largely
responsible for the determination of grain yield in individual

plants. On the other hand, grain yield, above ground biomass
and spike length displayed significantly negative correlation with
yellow rust (r=-0.362", r=-0.006"", r=-0.034), respectively. Also,
grain yield, spike length, above ground biomass and plant height
was also negatively correlated with septoria disease severity
=0.568"", r=0.351"", r=0.579", r=0.0.476") in the order
mentioned [9]. The correlation of above ground biomass and
grain yield with septoria disease severity and its AUDPC were
relatively strong negative relation indicating that the overall
effect of septoria disease severity had high negative impact on
above ground biomass weight and grain vyield reduction.
Similarly, severity found a
correlation to above ground biomass and grain yield of bread

yellow rust disease negative
wheat. A strong positive correlation was also observed between
septoria disease severity and audpc with correlation coefficients
of 1=0.894"". This result indicated that cultivars which were
severely infected by septoria disease showed higher AUDPC

value.

Table 4: Correlation coefficient (r) among disease parameters, yield and yield components during 2023/24 main cropping season.

Sep AUDPC Yr PH BM SPL YLD
Sep 1

AUDPC 0.894™ 1

Yr 0.04 -0.083 1

PH 0.476™ 0.530” 0.319° 1

BM 0.579" 0.645™ -0.006 0.577" 1

SPL £0.3517 0.353" 0.034 0.531” 0.494™ 1

YLD 0.568™ 0.602” 0.362” 0.357" 0.646” 0.405™ 1
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CONCLUSION

Based on the results of the study, significant variations among
the tested bread wheat varieties for disease reactions as well as
yield and yield related traits were recorded. Almost all tested
varieties were affected by septoria and yellow rust diseases in
different severities in all testing sites. This could be duo to the
genetic variability and environmental factors. Among the tested
bread wheat varieties Boru and Daka were identified as
resistance to yellow rust and septoria leaf blotch diseases across
the testing locations. Therefore, Boru and Daka are the best
varieties gave the better grain yields recommended for the areas.
Lemu, Wane and Dursa varieties were highly infected with
septoria disease than yellow rust disease. Thus, these varieties
should be grown in areas where septoria disease epidemic is
lower. Significant reduction in spike length, grain yield, and
thousand kernel weights was occurred due to yellow rust and
septoria diseases epidemic. The performance of theses varieties
will be decreases due to change in weather condition for
prevailing pathogen. There is also a need to a broader genetic
base and to replace the old varieties with new and improved
ones. Recommendations of several varieties will also help
farmers to select high yielder and diseases resistance varieties.
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