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Abstract: Stem rust caused by Puccinia graminis is one of the most destructive diseases of wheat which causing considerable
yield losses in wheat-growing areas in Ethiopia. Disease-resistant cultivars provide one of the best means for controlling stem
rust. The current study aimed to evaluate wheat genotypes for seedling and adult plant stage resistance for the predominant wheat
stem rust races; TTTTF. Both seedling and adult plant stage evaluations were conducted on 203 wheat genotypes under
greenhouse and field conditions. Seedling and adult plant stage evaluations were conducted using artificial inoculation of the
race TTTTF. Augmented and completely randomized designs were used for field and seedling tests, respectively. Three
susceptible and two resistance check genotypes were used for field evaluation for each block. Seedling evaluation results showed
85% of the genotypes exhibited resistance infection type (<2). Field phenotyping results revealed 72%, 22% and 6% of the
genotypes showed resistance (<15%), moderately resistance (20-35%) and susceptible (>40) reaction for stem rust race TTTTF.
From the ANOVA table, highly significant variation between test and check genotypes was observed for different disease
parameters and TKW. High and positive correlations existed between different disease parameters and a negative correlation was
observed between TKW and disease parameters. Based on field and seedling evaluation, a total of 151 genotypes were selected
for future breeding pipelines. Therefore, resistant wheat genotypes identified in the current study will be a potential source of
genotypes for further wheat breeding and pathological research activities.
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According to [5] report, the land cultivated to wheat is
increased to 1.69 million hectares and production has boosted
to 46.42 million quintals with a productivity of 2.73 t ha™,
which is still below the world’s average of 3.3 t ha' [2]. About
4.21 million smallholder farmers (SHFs) engaged in wheat
production in the country and most of the wheat production
comes from the SHFs. The central and southeastern highlands
(Arsi and Bale zones) of the country are considered as a wheat
belt area of the country. Despite the enormous economic and
dietary values of the crop, the production of wheat in Ethiopia
remained low as compared to the demand and still, wheat
importing is the main source of wheat self-sufficiency in the
country. Biotic and abiotic factors are the main source of

1. Introduction

Wheat is one of the most important food security crops in
the world, accounting for a sizeable share of the global
calories and protein consumed [1]. Similarly, it is a staple food
in the diets of several Ethiopian, providing about 15% of the
caloric intake for the country’s over 90 million populations [2],
placing it second after Maize and slightly ahead of Teff,
Sorghum, and Enset, which contribute 10 to 12 percent each
[3]. Bread wheat (Triticum aestivum L. Thell) and durum
wheat (Triticum. turgidum L. var. durum) are the two main
wheat species cultivated in Ethiopia [4].
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bottlenecks in Ethiopia for wheat production [4]. Rust
diseases (stem, stripe, and leaf rust) are the major and
economically important biotic factors for wheat production in
Ethiopia [6, 7].

Rusts mainly stem (Puccinia graminisf. sp. tritici) and
yellow rusts, have been considered the most important wheat
diseases in Ethiopia, and thus, have been one of the most
important priority research agenda since the inception of
wheat research on wheat diseases [6]. Stem rust or black rust
caused by Puccinia graminisf. sp. tritici is amongst the rust
diseases that can cause up to 100% yield loss if susceptible
cultivars are grown and epidemic occurs [6, 8]. Stem rust
isolates with virulence to Sr9e and Sr13 were first reported in
Ethiopia in 1988 and 1989, respectively [6]. The highlands of
Ethiopia are considered as a hot spot for the development of
stem rust races and so far more than nine races were identified,
some of the races are TTKSK, TTKTF, TTKTK, JRCQC,
TKTTF, TTKSC, TRTTF, SRKSC and RRKSF [9].

Stem rust is known to occur all over the world, in areas
where wheat is produced but the damage and economic impact
depends on the environmental conditions and the types of
cultivars grown. Host resistance and chemical option are the
two major rust management practices in Ethiopia and
worldwide. Host resistance (genetic control) has advantages
for environmental and economic reasons, particularly for
farmers in the developing world, and because of the possibility
that rust pathogens develop resistance to fungicides [10].
Resistance conditioned by major genes has been the most
widely emphasized strategy for mitigating rust threats and
reducing losses incurred. Pyramiding of several major genes
into a single cultivar is also an attractive breeding strategy for
increasing resistance durability by reducing the stepwise
accumulation of virulence by the pathogen against each gene.
The alternative is the development and employment of
cultivars carrying durable or slow rusting resistance based on
quantitatively inherited, multiple genes referred to as adult
plant resistance [10, 11].

In Ethiopia, the wheat improvement program started before
half a century [4], and more than 100’s of wheat varieties was
released for production [5]. However, currently, very few of
the varieties are under production, and others are beaten by
different races of stem and yellow rusts in different periods [4,
12-16]. Developing durable rust-resistance wheat genotypes
demands both seedling and adult plant stage evaluation using
major wheat rust races. In this case, it necessitates, new
strategy apart from the traditional way of rust resistance
evaluation for adult plant stage using single stem rust
screening nurseries. Therefore, the objective of this study is to
evaluate wheat genotypes at seedling and adult plant stage for
wheat stem rust race “TTTTF” in Ethiopia.

2. Materials and Methods

2.1. Description of Experimental Sites and Genotypes

Field phenotyping for single stem rust nursery was
conducted at Kulumsa Agriculture Research Center (KARC)
which is located at 08° 02’ N latitude and 39° 09 E longitude
and at an altitude of 2250 m.a.s.l. The monthly mean
minimum and maximum temperatures are 10.5°C and 22.8°C,
respectively and the average rainfall is 840 mm. Seedling
stage evaluation for a single stem rust race under control
environment was conducted at Ambo Agricultural Research
Center. It is located at 08° 96' 885" N latitude and 370 85' 923"
E longitude and at an altitude of 2147 m.a.s.]. The annual
average temperature and rainfall are 27.54°C and 1077.68 mm
respectively.

A total of 203 (168 bread wheat and 35 durum wheat)
genotypes were included in the study. The genotypes are
composed from known susceptible and resistance checks for
stem rust, deferential lines, released varieties and breeding
genotypes. The details of the study genotypes described in
table 1.

Table 1. Description of the study wheat genotypes.

# of test lines

Species D, Elite line # of Checks #of Differentials Total
Bread Wheat 31 121 4 12 168
Durum Wheat 3 31 1 - 35
Total 34 152 5 12 203

2.2. Experimental Methodology

Field phenotyping for single stem rust nursery: In Ethiopia,
several virulence stem rust races were emerged in different
periods. Stem rust races “TTTTF” is one of the dominant races
in different wheat growing areas of Ethiopia [17, 18]. It is
virulence for stem rust genes 5, 21, 9e, 7b, 11, 6, 8a, 9g, 36, 9b,
30, 17, 9a, 9d, 10, Tmp, 38, McN and avirulence only for 24
and 31. Therefore, a single stem rust nursery (race TTTTF)
was established to evaluate a set of 203 genotypes (Table 1) in
the 2018 main cropping season. The experiment was laid out
in augmented design with eight blocks with five susceptible,
moderate, and resistant checks replicated in each block. Two

rows of stem rust susceptible lines “Digalu” used as infector
row and planted perpendicular (between blocks) two weeks
before entries were planted. The distance between spreader
rows and spacing between spreader rows and entries was kept
at 0.5m and 0.2m, respectively. Borders of tall Oat variety and
Yellow dodder were drilled around the nursery to serve as an
experimental guard rows border against incoming rust spores.
Testing entries were planted in double rows of 0.5-meter-long
and 0.2m spacing between rows. Weeding and other
agronomic practices were applied according to recommended
practices for wheat production of Kulumsa. The spreader rows
were inoculated with spores of stem rust race TTTTF six times
starting from stem elongation using injection and spraying
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methods [19]. One injection and five times spray were made in
different growth stage of the wheat plant. Disease severity and
infection response were visually assessed four times starting
from the onset of disease on the entries using modified Cobb
scale [20].

Seedling stage evaluation: The same genotypes were
evaluated for seedling stage against stem rust race TTTTF at
Ambo Agricultural Research Center (AARC). Five seeds of
each genotype were planted in a pot (4 cm diameter)
separately, using CRD (Completely Randomized Design) in
two replications. Seven-days-old seedlings were inoculated
with spores of stem rust race TTTTFE. For incubation,
inoculated plants were moistened with fine droplets of
distilled water by using an atomizer. After 20 minutes of
inoculation, the seedlings were placed in dew chamber for 18
hrs in a dark at 18-22°C. Upon removal from the chamber,
seedlings were exposed to 3 hrs of fluorescent light to dry dew
on the leaves. Following this, the seedlings were transferred to
the greenhouse where conditions were regulated at 12 hrs
photoperiod, at temperature range of 18-25°C and RH of
60-70% [21]. Susceptible check variety called “McNair” was
used to confirm the success of inoculation. Data on infection
types (ITs) were recorded 14 days after inoculation using 0-4
scale based on [22].

2.3. Data Analysis

Final Rust Severity (FRS), Final Coefficient of Infection
(FCI), Average Coefficient of Infection (ACI) and Area Under
Disease Progress Curve (AUDPC) were used from field
phenotyping data and average seedling infection type from the
seedling test as criterion to identify any possible source of
partial resistance to stem rust race TTTTF. Analysis of
variance (ANOVA) was conducted to determine differences
among the wheat genotypes for different disease parameters.
Simple descriptive statistics and Pearson correlation
coefficient was used to assess the relationship between
different disease parameters and yield associated trait called
thousand kernel weight (TKW). All statistical analyses and
graphs were performed using excel 2013 and R version 4.0.2
[23].

3. Results and Discussions

The field phenotyping and seedling test result revealed
phenotypic variability for severity and infection types
between test genotypes and checks. The final severity score
ranged from 0 (Immune/resistance) to 40 (Susceptible). The
response of 198 bread and durum wheat genotypes and the
five checks for the single stem rust race TTTTF field and
seedling stage evaluation summarized in Figure 1. From adult
stage phenotyping, 72%, 22%, and 6% of genotypes showed
moderate resistance (<15% severity), moderately susceptible
(20-35% severity), and susceptible reaction (>40% severity)
for stem rust race TTTTF, respectively. The checks showed
variable reaction responses from moderately resistant to
susceptible and a severity level ranging from 10 to 90%. From

the seedling test, 85% of the genotype showed resistant
reaction (infection type < 2) and 15% of the genotypes
scored >2 infection type and considered as a seedling
susceptible for stem rust race TTTTF.

The frequency of test and check genotypes for different
disease measurement parameters and TKW showed in figure 2.
From check genotypes, the highest mean value for FRS, FCI,
ACI and AUDPC scored from Arendeto and Digalu. This
indicates these two check genotypes were highly susceptible
for stem rust race TTTTF. While Kingbird and Danda’a scored
the lowest mean value for all disease parameters and showed
resistant reaction for stem rust race TTTTF. Due to low
susceptibility reaction, Danda’a and Kingbird scored the
highest TKW among check genotypes. The highest TKW 46.5,
45.8 and 45.7 scored from genotype ETBW9463, ETBW9292
and ETBWO9581, respectively. These genotypes were showed
highly resistance reaction for race TTTTF under field
condition. The lowest TKW scored from Digalu, Arendeto
and KBG-01 with 10.0, 11.3 and 11.8, respectively.
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Figure 1. Severity response of wheat genotypes for single stem rust race
TTTTF under adult plant (4) and seedling stage evaluation (B).

Different disease measurement parameters derived from the
final disease severity and reaction response showed
significant phenotypic variation between the test genotypes
and the checks used in this study for stem rust race TTTTF
(Table 2). This indicates the variability within the test and
check genotypes for race TTTTF virulence. In addition, TKW
showed highly significant variation (P < 0.01) between test
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and checks genotypes. The minimum and maximum value of  211.48,9.52, 12.11 and 32.11, respectively. Based on the field
TKW were 10.5 to 46.5 gram per thousand seed weight, phenotyping and seedling test result, 151 genotypes were
respectively. Adjusted mean value for test and check  selected based on their final severity <20% and seedling
genotypes for ACI, AUDPC, FCI, FRS and TKW were 4.71,  infection <2.
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Figure 2. Frequency of test and checks genotypes for different disease parameters and TKW. Check genotypes response showed in the upper part of each graphs.

Frequency

Pearson correlation matrix between different disease parameters, seedling test and TKW showed in figure 3. Positive and
significant correlation (0.9) observed between ACI, AUDPC, FCI and FRS. This indicates similar response of the genotypes for
different disease parameters. The seedling test showed positive and non-significant correlation between ACI and AUDPC.
Negative and non-significant correlation observed between TKW and seedling test. TKW is negatively correlated with all disease
parameters (Figure 3). Similar results were reported by Hundie ef a/ [24] using four predominant stem rust races; TTKSK,
TRTTF, TKTTF and JRCQC.
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Table 2. ANOVA table highlighting levels of significance observed among various disease parameters and TKW for test and check genotypes.

Source Df ACI AUDPC FCI FRS TKW
Treatment (ignoring Blocks) 202 46.61 ** 68101.85 ** 156.29 ** 145.98 ** 68.35 **
Treatment: Check 344.45 ** 429668.98 ** 1203.06 ** 941.91 ** 357.59 **
Treatment: Test vs. Check 711.41 ** 894877.04 ** 2877.7 ** 2219.47 ** 3391.38 **
Treatment: Test 197 37.18 ** 56563.55 ** 121.22 ** 119.29 ** 45.61 **
Block (eliminating Treatments) 4 89.95 ** 157671.14 ** 316.41 ** 381.59 ** 58.45 **
Residuals 43 14.75 23304.9 49.7 45.28 11.14
Ccv 71.9 65.09 65.48 50.84 11.00
Adjusted Mean 4.71 211.48 9.52 12.11 32.11
ns P>0.05; * P<0.05; ** P<0.01
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4. Conclusion

In this study, a total of 203 wheat genotypes (test, checks
and deferential lines) were successfully evaluated at seedling
and adult plant stage for a single stem rust race TTTTF. High
phenotypic variation was observed for both seedling and adult
plant stage evaluation between test, check and deferential
lines used in this study. Positive and significant correlation
observed between different disease parameters. But the
correlation between disease parameters and TKW showed
negative correlation. Negative and non-significant correlation
observed between seedling stage evaluation and TKW.

The result clearly indicates the importance of wheat
genotypes evaluation at seedling and adult plant stages for a
single predominant stem rust race to identify. A total of 151
genotypes were selected based on their field and seedling
evaluation and these genotypes will be a source of future
wheat improvement pipeline for breeding and pathological
research activities.
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