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ABSTRACT

Wheat is one of the world's most important crops whose grain production is increasing year after year. However, the
emerged virulent stripe rust races at one point of the world spread to the rest of wheat producing countries by wind
as well as human travels and damaged popular resistant wheat cultivars thereby posed food insecurity. This study was
carried out with the aim to identify possible sources of stripe rust resistance among Ethiopian bread wheat pipelines
for durable resistance breeding. Twenty-eight advanced bread wheat pipelines, local susceptible and resistant check
cultivars Kubsa and Wane respectively were field tested in randomized complete block design with three replications
across two stripe rust hotspot locations for their slow rusting characteristics. Slow rusting resistance at the adult-
plant stage was assessed through the determination of final rust severity (FRS), average coefficient of infection
(ACI), and relative area under disease progressive curve (rAUDPC). Among the twenty-eight, 24, 2 and 2 genotypes
displayed high, moderate and low level of slow rusting over two locations respectively. The results revealed that wheat
lines, ETBW- 8858, ETBW-8870, ETBW-8583, ETBW-8668, ETBW-8595, ETBW.-8684, ETBW-9548, ETBW-9549,
ETBW-9552, ETBW-9554, ETBW.9558, ETBW-9559, ETBW-9560, ETBW.-875, ETBW-8802, ETBW-8862, ETBW-
8804, ETBW-8896, ETBW-9556, ETBW-9557, ETBW-8991,ETBW-9486,ETBW-9556 and ETBW-9561 had low
values of FRS, ACI and rAUDPC and were regarded as good slow rusting lines. Strong positive correlations were
observed between different parameters of slow rusting. As compared with susceptible, resistant check variety and
other test lines, three lines namely. ETBW-8684; ETBW-9558 and ETBW-8751 are high vyielders and could be
released for production. Twenty-four lines with high and moderate levels of slow rusting and expected to possess
both major and minor resistance genes could be used for durable stripe rust resistance breeding in wheat. However,
is advised to postulate inherent resistance genes in these lines and their seedling susceptibility for providing fruitful
recommendations.
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INTRODUCTION

low productivity is partially attributed to the prevalence of wheat

rust diseases, deficient in durable resistant variety. Of the rusts,
Wheat (Triticum aestivum L.) is one of the most important food

stripe rustis a globally, in more than 60 countries [4,5] continue to
grain crops both in production and nutrition worldwide [1], being

cause losses, often major in various parts of the world [6] and are

cultivated on 15.8% of the arable land. Ethiopia is the second
largest wheat producer in sub-Saharan Africa next to Egypt [2].
The current total area devoted to wheat production in Ethiopia is
estimated to be over 1.6 million hectare [3]. Despite the large area
under wheat, average yield in Ethiopia is estimated around 2.97 t
ha-! that is far less than potential yields of 8 to 10 t ha'[3].

Worldwide, wheat production is hindered by several factors of these

current threats to world food security [7].

Recently, stripe rust has become a serious threat to wheat, especially
in case of highly susceptible varieties; losses may escalate as high as
80% [8]. In Ethiopia, stripe rust of wheat was first reported since
the early 1940s, and the disease occurs regularly in highland areas
- over 2000m above sea level where epidemic covered almost all
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wheat-growing regions in the country. However, gained importance
with the expansion of high-yielding, semi-dwarf bread wheat
cultivars in the mid-1980s [9]. As of other stripe rust vulnerable
parts of the world, stripe rust of wheat is the major wheat production
bottleneck in the highlands of Arsi and Bale areas, the wheat belts
of Ethiopia [10,11]. Major stripe rust epidemics were experienced
in Ethiopia in 1970’s, 1988s, 2010, 2017 and 2018 and resulted in
significant grain yield losses of 30% to 69% [12], 58-100% [13],
96% [14-16] depending on the susceptibility of the cultivars and
environmental conditions.

For instance in 2010, when Pst pathotypes overcame the resistance
conferred by Yr27. During this epidemic year, many central and
West Asian and North and East African countries were also
suffered this epidemic and high yield losses were incurred in Syria,
Morocco, Iran, and Turkey [17,18]. At the same time, more than
US$3.2 million expended for purchasing fungicides alone, and
food and nutritional security of 3.5 million Ethiopian smallholder
farmers involved in wheat production was heavily threatened [19].

To reduce stripe rust-associated losses, developing and growing
resistant cultivars is widely recognized as the most environmentally
and economically feasible approach. Ethiopian national wheat
breeding and improvement program with international help,
ICARDA and CIMMYT have been developed high yielding, stable,
disease resistant varieties with good grain quality and adaptable
to the different agro-ecologies of the country [20]. However, the
promising varieties developed were susceptible to breakdown and
invariably shortlived. This was happened due to the resistance
of many of these cultivars was based on single race-specific all-
stage resistance genes, which confer a high level of resistance to
specific races throughout all growth stages. When used extensively
over time and space, single resistance genes generally lose their
effectiveness in a few years and the cultivars are vulnerable to stripe
rust epidemics [5,21]. Therefore, characterization of genotypes
for diverse sources of resistances partial (slow rusting), to yellow
rust resistances in combination is imperative for developing and
releasing durable rust resistant variety.

MATERIALS AND METHODS

Descriptions of the study area

Kulumsa research center is located at 08°01' 10" N, 39°09' 11" E
and at 2200 meters above sea level (m.a.s.1). It receives mean annual
rainfall of 820 mm representing highland and high rainfall agro
ecology. The monthly mean minimum and maximum temperature
is 10.5 and 22.8°C respectively. The sites dominant soil type is
loam type, which is fertile [22].

Meraro substation is located at 07° 24' 27" N, 39° 14' 56" E and
2990 m.a.s.l. Its average annual rainfall is 1196 mm representing
extreme highland and frost prone agro ecology. The minimum
and maximum temperature is 5.7 and 18.1°C respectively. The
dominant soil type is clay soil (Nitosols) which is slightly acidic
(pH=5.0). Both locations represent major wheat-growing and
yellow rust prone areas in the highlands of Arsi [22].

Experimental materials

Twenty-eight advanced bread wheat genotypes with two commercial
cultivars, Kubsa and Wane serve as susceptible and resistant control
checks respectively were selected for evaluation against stripe rust

under field conditions (Table 1).
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Kubsa carries stripe rust resistance gene, Yr27 that lost efficacy in
2010, however, still kept under production for its trait to give high
yield in southeastern wheat belt agro ecologies. While wane is most
recently released, 2016 variety and is relatively better in its genetic
trait for yield and resistance against stripe rust. All 28 test wheat
genotypes were obtained from Kulumsa Agricultural Research
Center, a center coordinating national wheat-breeding program.
These test lines have been under testing for yield performance
at the national testing sites and currently under test in national
variety trial stage.

Experimental method and design

To evaluate the level of adult plant stripe rust resistance in the field,
test materials and checks were arranged in randomized complete
block design having three replications. The treatments were planted
in plots consisting of double rows of 1 m long with spacing of 0.2
m. intra row, 1 m between blocks and 0.5 m between plots. Plots
were seeded in 150 kg haDAP and urea fertilizers were applied
based on the recommended rate to the area. Weeds were managed
by hand weeding. To ensure uniform spread of inoculums and for
sufficient disease development during the trial period, the mixture
of susceptible wheat cultivars ‘Morocco and Kubsa” were planted
a week earlier as infector row between blocks perpendicular to
entries. The infector rows were sprayed and injected [23] with
active uredinospores collected and maintained at Kulumsa wheat
rust laboratory, south east Ethiopia.

Data collection and statistical analysis

Yellow rust disease severity notes were taken by estimating the
approximate percentage of leaf area affected using modified Cobb
scale [24]. Data recording was started from the first appearance of
yellow rust on the susceptible check and continued every 14 days
from all plants until the early dough stage [25].

Readings of disease severity and reaction were recorded together
with severity first followed by infection type. And written like:
TR=trace severity of resistant type infection; I0R-MR=10% severity
of resistant to moderately resistant infection type; 20MR=20%
severity of a moderately resistance infection type; 30MR-MS=30%
severity of a moderately resistance to moderately susceptible;
40MS=40% severity of a moderately susceptible; 50MS-S=50%
severity of a moderately susceptible to susceptible; and 70S =70%
severity of Susceptible Infection Types.

Thousand Kernel Weight (TKW): The 1000 kernel weight was
measured in grams by using electronic seed counter machine
followed by automatically measuring the seed weight after moisture
content was adjusted to 12% [26].

Grain yield plot!: grain yield in grams obtained from both rows
of each plot was weighed after the moisture content is adjusted to
12% [26]. The obtained grain yield was used to estimate grain yield
in tons per hectare.

Average Coefficient of Infection (ACI%)): calculated by
multiplying the percentage severity and the constant value assigned
to each reaction type. The constant values were considered
as R (Resistant)=0.2, MR (moderately resistant)=0.4, MRMS
(intermediate) =0.6, MS (moderately susceptible) =0.8, MSS=0.9
and S (susceptible) =1.

Therelative area under the disease progress curve (rAUDPC(cycles/
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Table 1: List of advanced bread wheat lines employed in the study.

bSI;) Name Pedigree Selection History
ETBW " CMSS08Y002745-099Y-099M-099NJ-099NJ-
1 4751 SUP152//ND643/2*WBLL1 JWGY-0B
ETBW " N CMSS08Y01116T-099M-099Y-099M-099NJ-
2 8858 SWSR22T.B./2*BLOUK #1//WBLL1*2/KURUKU 099NJ-14WGY-0B
ETBW " CMSS08B00861T-099TOPY-099M-099NJ-099NJ-
3 4870 WAXWING*2/TUKURU//KISKADEE #1/3/FRNCLN ASWGY-0B
ETBW i eI \en  ICW00-0634-6AP-0AP-0AP-23AP-0AP-0DZ/0AP-
4 4507 CHAM-4/SHUHA'S'/6/2*SAKER/5/RBS/ANZA/3/KVZ/HYS//YMH/TOB/4/BOW'S 0DZ/OKUL/0SIN/OAP-ONJ/OAP-OALK/OAP
ETBW " CMSS08Y002745-099Y-099M-099NJ-099NJ-
5 4991 SUP152//ND643/2*WBLL1 SWGY-0B
6 ETBW C80.1/3*BATAVIA//2*WBLL1/3/C80.1/3*QT4522//2*PASTOR/4/WHEAR/ CMSS08B003375-099M-099NJ-099NJ-29WGY-
8862  SOKOLL 0B
ETBW v ICW99-0052-2AP-0AP-0AP-11AP-0AP-0DZ/0AP-
7 8804 TURACO/CHIL/6/SERI 82/5/ALD'S'/4/BB/GLL//CNO67/7C/3/KVZ/TI 0D2/OKUL/OSIN/OAP-ONJ/OAP-OALK/OAP
ETBW FALCIN/AE.SQUARROSA (312)/3/THB/CEP7780//SHA4/LIRA/4/FRET2/5/DANPHE
8 9996 #1/11/CROC_1/AE.SQUARROSA (213)//PGO/10/ATTILA*2/9/KT/BAGE//FN/U/3/ CMSAO8Y00096T-099B-050Y-040M-0ONJ-8Y-0B
BZA/4/TRM/5/ALDAN/6/SERI/7/VEE#10/8/OPATA
9 EST;;?V MINO/898.97/4/PFAU/SERI.1B//AMAD/3/KRONSTAD F2004 CMSS08B003915-099M-099Y-10M-0WGY
ETBW N
10 8668 BAVIS*2/3/ATTILA/BAV92//PASTOR CMSA08MO00054T-050Y-040M-ONJ-5Y-0B
ETBW "
11 4505 BAVIS*2/3/ATTILA/BAV92//PASTOR CMSA08MO00054T-050Y-040M-ONJ-5Y-0B
12 ESEIZZV PASTOR//HXL7573/2*BAU/3/WBLL1/4/1447/PASTOR//KRICHAUFF SQASAOSMOM%S'MOZTM'OSOY'37ZTM'OIOY'
5 ETBW FRANCOLIN #1/3/PBW343*2/KUKUNA*2//YANAC/4/KINGBIRD #1//INQALAB CMSS10B00779T-099TOPY-099M-099NJ-099NJ-
0486  91*2/TUKURU 5WGY-0B
14 ETBW MUTUS*2/AKURI//MUTUS*2/TECUE #1 CMSS11B003725-099M-099NJ-099NJ-19WGY-
9547 0B
ETBW *
15 0548 REEDLING #1//KFA/2*KACHU CMSS11B00167S-099M-0SY-70M-OWGY
16 ETBW KFA/2*KACHU/3/KINGBIRD #1//INQALAB 91*2/TUKURU/4/KFA/2*KACHU CMSS11B00958T-099TOPY-099M-039NJ-099NJ-
9549 8WGY-0B
ETBW N " CMSS11B00961T-099TOPY-099M-099NJ-099NJ-
17 9550 KFA/2*KACHU*2//WAXBI >0WGY-0B
18 ETBW KFA/2*KACHU/4/KACHU #1//P| 610750/SASIA/3/KACHU/5/KFA/2*KACHU CMSS11B00957T-099TOPY-099M-033NI-099NJ-
9551 8WGY-0B
19 ETBW KACHU #1/4/CROC_1/AE.SQUARROSA (205)//BORL95/3/2*MILAN/5/KACHU/6/ CMSS11B002145-099M-099NJ-099NJ-22WGY-
9552  KFA/2*KACHU 0B
20 E9T5],35§V MURGA/KRONSTAD F2004/3/KINGBIRD #1//INQALAB 91*2/TUKURU CMSS11Y001165-099Y-099M-0SY-4M-OWGY
,; ETBW SAUAL/MUTUS/6/CNO79//PF70354/MUS/3/PASTOR/4/BAV92*2/5/FH6-1-7/7/ CMSS11B00652T-099TOPY-099M-099NJ-099NJ-
9554  CNO79//PF70354/MUS/3/PASTOR/4/BAV92*2/5/FH6-1-7 23WGY-0B
,, ETBW KFA/2*KACHU/5/WBLL1*2/4/BABAX/LR42//BABAX/3/BABAX/LR42//BABAX/6/ CMSS11B00956T-099TOPY-099M-0SY-8M-
9555  KFA/2*KACHU OWGY
ETBW . PTSA08MO000465-050ZTM-050Y-50ZTM-010Y-
23 9556 SOKOLL/3/PASTOR//HXL7573/2*BAU/4/PARUS/PASTOR 0B.020Y-0MX|
ETBW SOKOLL/WBLL1/4/D67.2/PARANA 66.270//AE.SQUARROSA (320)/3/
24 9557 CUNNINGHAM CMSA09MO004665-050ZTM-050Y-3WGY-0B
)5 ETBW BABAX/LR42//BABAX/3/ER2000/5/ATTILA/4/WEAVER/TSC//WEAVER/3/ CMSA09Y00383T-099B-050Y-050ZTM-ONJ-
9558  WEAVER/6/KA/NAC//TRCH 099NJ-11WGY-0B
26 ETBW CHIBIA//PRLII/CM65531/3/MISR 2*2/4/HUW234+LR34/PRINIA// CMSS09Y00853T-099TOPM-099Y-099ZTM-
9559 PBW343*2/KUKUNA/3/ROLF07 099NJ-099N]J-24WGY-0B
ETBW CMSS09Y00753T-099TOPM-099Y-099ZTM-
#
27 9560 CHWINK/GRACKLE #1//FRNCLN 099NJ-099N]J-13WGY-0B
,g ETBW TRAP#1/BOW/3/VEE/PJN//2*TUl/4/BAV92/RAYON/5/KACHU #1*2/6/ CMSS10Y00842T-099TOPM-099Y-099M-1WGY-
9561 KINGBIRD #1 OB
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29  Kubsa THELIN/WAXWING//PATOR/ ICW08-00270-4AP-0AP-040SD-4SD-OSD-
PASTOR//HXL7573/2*BAU/3/S
30 Wane OKOLL/WBLL1/4SAFI1//NS73 ICW08-00214-7AP-0AP-040SD-7SD-0SD-

2/HER/3/SAADA

31 Morocco

Universal susceptible check/Cultivar( used in green house)

ETBW: Ethiopian Bread Wheat

Source: Ethiopian national wheat research program and Ethiopian crop registration directory of 2016.

time) for each plot calculated from the multiple stripes rust severity
readings using the formula suggested by Wilcoxson et al. [27].

n-l S
AUDPC=Y ((L’”Hmﬂ-ti)j
i=1 2
Where, xi=the average coefficient of infection of i™ record,
Xi+1=the average coefficient of infection of i+1
- ti=Number of days between the i* record and i*+1® record, and
n=number of observations.

% record and ti+1

Cluster analysis: Clustering of the lines relay on grain yield weight
was performed by average linkage method of SAS software SAS
Institute [28]. The dendrogram was built using MINITAB 17.

Correlation analysiss Among the different disease parameters
(FRS, AUDPC and ACI), grain yield and TKW were analyzed using
the general linear model procedure of SAS version 9.0 statistical
software [28].

ANOVA: Yield data was subjected to analysis of variance (ANOVA)
using SAS computer software package version 9.0. Least significant
difference (LSD, 0.05) values were used for mean separation [28].

RESULTS AND DISCUSSION

Disease assessment under field conditions

Final rust severity: There was broad variation in the final stripe
rust severity ranging from zero to 80 and O to 86% at Kulumsa
and Meraro respectively. According to Parlevliet and Van Omeren
[29], final rust severity signifies the collective result of all resistance
factors during the progress of epidemics.

Formerly, many researchers like Ali et al. [30], Li et al. [31], Safavi
[32], Tabassum [33] also used final severity as a parameter to assess
slow rusting behavior of wheat lines. Rely on final rust severity, the
tested bread wheat lines were categorized in to three groups of slow
rusting resistance, which is high, moderate, and low level of adult
plant resistance, having 1-30, 31-50% and above 50% respectively [32].

Although there was intense stripe rust disease pressure, twenty-
four of tested bread wheat lines namely; ETBW-8858, ETBW/-8870,
ETBW-8583, ETBW-8668, ETBW-8595, ETBW-8684, ETBW-
9548, ETBW-9549, ETBW-9552, ETBW-9554, ETBW.9558,
ETBW-9559, ETBW-9560, ETBW-8751, ETBW-8802, ETBW-
8862, ETBW-8804, ETBW-8896, ETBW.-9557, ETBW-8991,
ETBW-9560, ETBW-9556, ETBW-9486 and ETBW-9561 exhibited
high level of adult plant rusting resistance (Figures 1 and 2) with
complete resistant to moderately susceptible resistance response.
Genotypes with slow rusting resistance are highly important to
achieve effective breeding for durable resistance to stripe rust

(34,35].

Based on the studies of Nzuve et al. [34], the availability of resistance
genes in the genotypes overcome the prevailed virulence stripe rust
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Figure 1: Status of wheat stripe rust on treatments and check at Meraro
field experimental site: (A and D) Susceptible check; (B and C) Rust

tolerant lines.
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Figure 2: FRS values of advanced bread wheat test lines and susceptible
check tested at Meraro and Kulumsa in 2018.

pathogens in the field and led to statistically low disease severity,
despite the compatible host pathogen reactions. Line, ETBW-9561
showed immune responses both at Meraro and at Kulumsa. The
immune response on this line could be because of major genes;
where resistance often breaks down due to the development of
new races of the pathogen. A suitable breeding strategy like the
use of interspecific and remote crosses or even the direct transfer
of these resistances through backcrosses could be used to improve
the adopted but highly susceptible wheat varieties being grown in
Ethiopia [36].

On the other hand, two lines showed final rust severities between
31% and 50% both at Meraro and Kulumsa testing sites were
regarded as possessing moderate level of slow rusting resistance.
The rest two lines exhibited above 50% final rust severities both at
Meraro and at Kulumsa, which lacked adult plant rusting resistance.
Similarly, the susceptible check Kubsa, displayed the highest
disease severities of 80% and 86.7% with completely susceptible
(S) responses both at Kulumsa and Meraro experimental testing

4
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sites respectively, indicating that an acceptable epidemic pressure
was established over the locations and is in line with similar works

of Ibrahim et al. [37].

Average coefficients of infections: The data acquired from disease
severities and host reactions were combined to compute coefficient
of infection (ACI). According to Ali et al. [30], genotypes with ACI
values of 0-20, 21-40, 41-100 were regarded as possessing high,
moderate and low levels of adult plant resistance, respectively.

In the present study, most of the tested lines, 85.7% (ETBW.-8858,
ETBW-8870, ETBW-8583, ETBW-8668, ETBW-8595, ETBW-
8684, ETBW-9548, ETBW.-9549, ETBW-9552, ETBW-9554,
ETBW-9558, ETBW-9559, ETBW-9560, ETBW-875, ETBW.-8802,
ETBW-8862, ETBW.-8804, ETBW-8896, ETBW-9557, ETBW-
8991, ETBW-9486 and ETBW-9561) showed ACI values between
0 and 20 at both experimental locations and were designated as
having a high level of slow rusting genes. Five lines; ETBW-9550,
ETBW-9551, ETBW-9553 and ETBW-9555 had ACI values of 21 to
40, designated as having moderate levels of slow rusting resistance.
However, none of the tested lines had showed above 41. However,

the susceptible check Morocco displayed ACI above 41(Figure 3).

Based on the results, common stripe rust pathotypes of testing sites
were considered avirulent on most of the assessed lines (Figure 3).
The lines; ETBW-8684, ETBW-9547, ETBW-8684, ETBW-8862,
ETBW-8996, ETBW-9554, ETBW-9560, ETBW-8804 and ETBW-
8583 (with resistance reaction at both the seedling and adult plant
stages) may probably carry major genes or combination of major
gene-based resistance, effective against all virulence used [30,38].
However, the lines with race-specific resistance to the wheat rusts
diseases often become susceptible within a few years after their
commercial release, because of the rapid evolution of new virulent
races of the wheat rust pathogens [39].

According to Singh et al. [40], lines that show high and moderate
level of FRS and ACI could have durable resistance, which can
serve as good parents for breeding. Thus, it is concluded that lines
in both groups are potentially useful in wheat breeding.

Area under disease progress curve (AUDPC):
curve or its relative form (rAUDPC) is a better indicator of disease
expression over time [41]. Therefore, selection of lines having

Disease progress

lower rAUDPC value is acceptable for practical purposes. Based
on the rAUDPC values, the tested wheat lines categorized in to
three distinct groups for slow rusting resistance (Figure 4). Lines
exhibited AUDPC values up to 30% of the check were grouped
as having high level of partial resistance. While those lines having
AUDPC values up to 70% of the check were grouped as moderately
resistance lines and lines having above 70% of the check were
grouped as susceptible lines [42].

In this study among the twenty-eight lines tested at Meraro, 85.7%
(twenty-four lines; ETBW-8751, ETBW-8858, ETBW-8870, ETBW-
8802, ETBW-8991, ETBW-8862, ETBW-8804, ETBW-8996,
ETBW-8583, ETBW-8595, ETBW-8668, ETBW-8684, ETBW-
9486, ETBW.-9547, ETBW.9548, ETBW.-9549, ETBW.9552,
ETBW-9554, ETBW-9556, ETBW-9557, ETBW.9558, ETBW-
9559, ETBW-9560 and ETBW-9561) showed AUDPC values lower
than 30% of the check. These lines showed immune to MR-MS
and MSSS types of infection in the field and were considered to
have good levels of partial resistance.

According to Brown et al. [43], Kaur and Bariana [44] and Singh

] Plant Pathol Microbiol, Vol. 11 Iss. 10 No: 520

OPEN aACCESS Freely available online

= Meraro

Kulumsa

1234567 8 9101112131415161718192021222324252627282930
Test lines

Figure 3: The ACI values of advanced bread wheat lines and susceptible
check tested at Meraro and Kulumsa test sites in 2018.
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Figure 4: The rAUDPC values of test advanced bread wheat lines and

susceptible check at Meraro and Kulumsa testing sites in 2018.

et al. [40], genotypes that had MS infection type and low rAUDPC
might carry genes conferring durable resistance. These types of
genotypes first shown rust infection characterized by chlorotic and
necrotic lesions; subsequently the disease progression remained
slower and highly retarded. Such partially resistant cultivars could
highly delay evolution of new virulent races of the pathogen
because multiple point mutations are extremely rare in such
circumstance [45,46]. Two lines; ETBW-9550 and ETBW-9551)
genotypes exhibited AUDPC values which lay in a range of 31% to
70% of check, Kubsa. These genotypes are considered possessing
moderate level of slow rusting resistance. The rest two genotypes
showed AUDPC value above 70% of the check and are considered
as susceptible. Other researchers have also reported variation in
AUDPC among different wheat cultivars and genotype with lower
AUDPC values considered to have slow rusting resistance to stripe
rust and is in agreement with works [47]. Data for wheat lines
showing their rAUDPC values presented in Table 2.

At Kulumsa experimental site, 89.3% or twenty-five of the tested
wheat genotypes exhibited AUDPC values lower than 30% of
Kubsa, locally susceptible check. These lines had variable responses;
immune to MR-MS in the field evaluation. Two lines showed
relative AUDPC values up 31% to 70% of the susceptible check
with MS to S field responses. Despite high infection types (MS and
S) exhibited on moderately slow rusting lines, stripe rust developed
slowly as indicated by their AUDPC values. The remaining one-line
along with susceptible check showed highest rAUDPC values and
were considered as susceptible. Based on the AUDPC values, Ali et
al. [42] wheat lines exhibiting AUDPC values up to 30% and 70%
of the check were regarded as expressing good levels of slow rusting
and moderate slow rusting resistance respectively. According to
Parlevliet [35] wheat lines with variable field infection responses
of MR-MS to S are expected to possess genes that confer partial
resistance.

Grain yield and thousand kernel weight

The effect of stripe rust infection on the grain yield of all the
tested wheat lines was estimated under field conditions at
two experimental locations in 2018 main growing season to
characterize and determine the capacity of wheat lines to tolerate
these infections.
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Table 2: Grain yield and thousand-kernel weight of advanced bread wheat lines tested at Meraro and Kulumsa.

Lines Meraro Kulumsa
Grain yield tone ha' TKW(g) Grain yield tone ha? TKW(g)
ETBW-8751 8.3 36.8¢kh 8.6%¢ 38.8h
ETBW-8858 2.90p 31.1M 7.50defe 39. 7%
ETBW-8870 4.5 4].77bcde 8.4bd 40.8dcfeh
ETBW-8802 8.3 39.64% 5.91k 32.4
ETBW-8991 6.24¢f 47 4bede 7.34cfeh 37.4ik
ETBW-8862 5. 3hik 46.7:< 8.1bede 42 2bedef
ETBW-8804 4.9 41.7bede 5.1k 35.6%
ETBW-8996 6.7 43 4bede 7.3dcfeh 41, 77bcdefe
ETBW-8583 4.7k 40.6Pedefs 7.24ckh 39.9fhi
ETBW-8595 6.3k 47.9° 8.5 438
ETBW-8668 6.9 477 7.50defe 45.2°
ETBW-8684 5. 3hik 41,65 9.6 43 500
ETBW-9486 3.9mn 42 .5b<de 7.1¢teh 43 (Qabede
ETBW-9547 6.6 46,704 6.9¢fehi 4Q.7%fh
ETBW-9548 5.0 42 4bede 6.4 40.5¢f"
ETBW-9549 4.4m 42 4bede 6.2hik 38.8M
ETBW-9550 4.1m 36.6°" 6.6% 37.6%
ETBW-9551 2.3pd 32. 70 6.7 38.3hi
ETBW-9552 5.6 43 5bede 8.1bede 39.0h
ETBW-9553 1.59 33.7fhi 5.1k 42 .8ebede
ETBW-9554 3.5m 40.6Pedefs 7.2dcfh 41.Qcdefeh
ETBW-9555 4.0m 41,1 bedef 5.3k 35.2%
ETBW-9556 4.5 43 ] bede 7.8cdef 44.9°
ETBW-9557 7.2b 47.9% 7.1¢%h 40.5¢h
ETBW-9558 5. 4hik 40,1 bedefe 9.1 43.]0bed
ETBW-9559 5.9¢feh 51.9° 7.3dcfeh 44.9
ETBW-9560 7.1% 4Q.4bedefs 6.9¢fehi 38.8M
ETBW-9561 5.8fhi 47.7 7.1¢kh 43.8
Kubsa 0.6 21.2 3.4! 27.8»
‘Wane 4,64 39.83¢def 6.80fh 39.2¢M
CV 9.75 11.71 10.44 3.79
LSD 0.99 1.21 2.81
SEM 0.40 3.96 0.60 1.40

TKW: Thousand-Kernel Weight; CV: Coefficient of Variation; LSD: Least Significant Difference.
Means within a column followed by the same letter are not significantly different at P=0.05.

There was a highly significant difference (P<0.05) between
entries for grain yield (Table 3). From the beginning, it should be
underlined that the differences in grain yield between the entries
could be explained not only by differences in the levels of disease
attack, but also in the yield potential and environment of the lines

(48,491.

At Kulumsa testing site, the highest grain yield, 9.63 tha was
obtained from line ETBW-8684 whereas the lowest, 5.1 t ha', was
displayed from lines of ETBW-8804 and ETBW-9553. At Meraro,
the highest yield was displayed by line ETBW-8751 (8.3 t/ha) while
the lowest (1.5 t ha') was from line ETBW-9553. The ranking of
the genotypes for yield changed when exposed to higher disease
pressure at Meraro. For instance, line ETBW-8751 had greater yield
(8.3 tha') as compared to line ETBW-8684 (5.7 tha') at Meraro,

relatively under higher disease pressure. This yield difference
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among lines over locations may be due to adaptation difference of
varied agro ecologies and/or due to varying levels of tolerance to
rust expressed by different lines [48,49].

Weather conditions such as temperature and moisture greatly affect
disease expressions and consequently of yield. Many researchers
have described stripe rust reducing grain yields of wheat cultivars
[50,51]). The effect of rust on grain yield is due to the great injury
to the photosynthetic surface of the plant and the energy expenses
in plant defense mechanisms rather than for growth and grain
formation [52]. According to Craigie [53] and Bushnell and Rowell
[54], the fungus also reduces the food and water supply within the
plants. The fungus desires food and water for spore production
that would otherwise be used in the formation of well-developed
kernels. Further, there is a loss of water by evaporation through the
several bursts caused by the fungal pustules. The yield from heavily
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Table 3: Linear correlation coefficients of stripe rust parameters along with yield variables of evaluated wheat lines at Meraro and Kulumsa test sites,

2018.
Location Yield and Disease Parameters
FRS ACI AUDPC rAUDPC Gyld TKW
FRS 1
ACI 0.973" 1
AUDPC 0.963" 0.965" 1
rAUDPC 0.995" 0.973" 0.958" 1
Meraro Gyld 0.52" 0.487" 0.548" 0.503" 1
TKW 0.552" 0.536" 0.548" 0.538" 0.69" 1
FRS 1
ACI 0.985" 1
AUDPC 0.983" 0.999" 1
rAUDPC 0.983" 0.999" 1 1
Kulumsa Gyld 0.594" 0.601" 0.603" 0.603" 1
TKW 0.58" 0.546" 0.546" 0.546" 0.602" 1

Note: FRS: Final Rust Severity; CI: Coefficients of Infection; AUDPC: Area Under Disease Progress Curve; rAUDPC : Relative Area Under Diseases
Progress Curve; Gyld: Grain Yield; TKW: Thousand-Kernel Weight. Correlation was significant at P=0.05.

rusted plants was so much reduced and the quality of the grain is
lowered.

Among the slow rusting lines identified, ETBW-8684, ETBW-9558
and ETBW-8751 had the highest yields at Kulumsa (>8.6 t/ha).
This would be due to their higher genetic potential for yield and
better tolerance against stripe rust. Twenty and twenty-three lines
were showed yield exceeding resistant check, wane at Kulumsa
and Meraro respectively. This finding is in agreement with
previous works Kebede Temesgen et al. [55], their comparatively
better yields make them superior candidates as donor parent
for the incorporation of durable resistance in the bread wheat
improvement program; and direct release for production to boost
production and productivity in Ethiopia.

The wheat lines also showed significant variation in TKW (P<0.05)
(Table 3). The highest TKW was recorded from line ETBW-8668
(45.20 @) and line ETBW-9557 (47.93 g) at Kulumsa and Meraro
respectively. The lowest was obtained from line ETBW-8802 (32.4
@) at Kulumsa and from line ETBW-8858 (31.1 g) at Meraro. Nzuve
et al. [34] also reported that wheat rusts significantly reduce TKW.
It is well launched that the considerable effect of stripe rust on
TKW is brought about by its effect on photosynthesis and later
grain filling. According to Agrios [56], the competition of rust
fungi for photosynthetic at grain filling would have increased
importance in reduction of number and size of seeds on plants.
Thus, among the slow rusting genotypes identified, ETBW- 8668,
ETBW -9559 and ETBW-9561 had high TKW values suggested for

future breeding purpose.
Cluster analysis

The combined average linkage analysis (two locations, Meraro
and Kulumsa yield values) was made through squared Euclidean
method. Numbers of clusters were determined by similarity level.
At a 90% of similarity level, the cluster analysis grouped the 28 test
lines and two check varieties into four distinct categories based on
their grain yield obtained at Meraro and Kulumsa as illustrated
in Figure 5. Members within a single cluster were considered as
similar or as having more close relationships with each other than
those in distant clusters. This finding is in agreement with similar
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Figure 5: Dendrogram illustrate clustering of 30 bread wheat lines based
on average grain yield obtained from Meraro and Kulumsa testing sites

2018.

works of Hailegiorgis et al. and Asmamaw [57,58]. The lines that lie
in each cluster are indicated by dendogram below.

From cluster mean values, lines in cluster I, I and III are suggested
for direct release to production and/or deserve consideration to
use as parents in hybridization programs with lines identified as
resistant with disease parameters discussed above in this study.
Thus, play vital role in the programs to develop high yielding stripe
rust resistant wheat varieties.

Correlation between disease parameters along with yield variables

The correlations between the field based slow rusting diseases
parameters, yield and thousand-kernel weight were significant (Table
3). A positive and highly significant correlation of rAUDPC with
final rust severity (r=0.995) and ACI (r=0.973) was found at Meraro.
Strong correlation coefficients of 0.983 and 0.999 also observed
between rAUDPC with FRS and ACI at Kulumsa respectively. The
high correlation coefficient was also observed between ACI and
final rust severity at both locations'=0.973 at Meraro and r=0.985
at Kulumsa. These positive correlations between the parameters
observed were in agreement with the results of other researchers on
cereal rust pathosystems [32,55,59].

Therefore, selection of lines having low rAUDPC values (below
30% of the check), final disease severity scores of <30 MS and
ACI between 0 and 20 provides a sound basis for identifying slow

7
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rusting resistance, which is one of the durable resistance breeding
strategies [32]. Accordingly, twenty-four wheat lines, ETBW-8858,
ETBW-8870, ETBW-8583, ETBW-8668, ETBW-8595, ETBW-
8684, ETBW-9548, ETBW-9549, ETBW-9552, ETBW-9554,
ETBW-9558, ETBW-9559, ETBW-9560, ETBW-875, ETBW-8802,
ETBW-8862, ETBW.-8804, ETBW.-8896, ETBW-9556 ETBW-
9557, ETBW-8991, ETBW-9486 and ETBW-9561 with highly slow
rusting resistance characteristics rAUDPC <30%, ACI 0-20 and
FRS 0-30% at both testing sites were selected for further resistance
breeding.

Conversely, a negative and highly significant correlations of (r=
40.52,-0.487 and -0.548; and -0.594,-0.601 and -0.603 was observed
between grain yield and FRS, ACI and AUDPC at Meraro and
Kulumsa respectively. Similarly, all the slow rusting parameters
showed negative correlations with yield variables and the result is
in lined with works of Afzal et al., [60]; Kebede Temesgen et al.,
[55] suggesting that the rust disease reduced the grain yield and
thousand kernel weight.

CONCLUSION

High stripe rust epidemic was built in the field at both trial screen
sites and the true effect of stripe rust on yield variables has been
revealed by negative correlation between diseases parameters and
yield and kernel weight. Of the 28 test lines, 24 lines exhibited high
level of adult plant resistance sustaining FRS (<30 MS-S), ACI (<20)
and rAUDPC (<30). Therefore, the adult plant stripe rust resistant
and seedling susceptible (true slow rusting) lines identified in this
study which combined high yielders could be suggested directly for
release to production while also could be used for durable stripe
rust resistance breeding in Ethiopia.
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