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Abstract

Wheat is a principal food produce in the world including Ethiopia. It gets the paramount attention of the Ethiopian government 
among the top 10 cereal crops to assure food security and start export. However, biotic stress especially yellow and stem rusts 
remained a constant production bottlenecks posing yearly economic losses of 10s of millions USD. Stem rust is being threat 
to wheat production due to the evolution of the virulent race of the Puccinia graminis f. sp tritici, races like Ug99 (TTKS) and 
its variants with rapid dispersal towards major growing areas of the country. This experiment was conducted with the aim of 
evaluating thirty-three advanced bread wheat genotypes and twelve commercially released varieties for both field and seedling 
resistance to stem rust. Treatments were grown in augmented design at field conditions and completely randomized in green 
house at Kulumsa agricultural research center in 2023/2024 offseason growing season respectively. Accordingly, 25(75.75%) 
advanced genotypes and 2(16.66%) of varieties had shown low diseases severities (FRS and ACI below 30 and 20) respectively at 
field conditions. However, only 11(33.33%) advanced genotypes namely; EBW170072, EBW160066, EBW170172, EBW170051, 
EBW160002, EBW222680, EBW170056, EBW170059, EBW170058, EBW160065 and EBW224096; and 2(16.66%) varieties 
Abay and Boru showed higher diseases infection type at seedling stage revealing their true slow rusting to stem rust. Therefore, 
the aforementioned lines can directly be exploited as resistant parental lines in the regional wheat breeding program, or 
suggested to be forward-looking to regional yield trials for the development of high yielding and stem rust resistant cultivars to 
battle with the continually changing races of stem rust and avert further wheat yield declines. 
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Introduction

Common wheat (Triticum aestivum L.) occupied an 
important position amongst the grain crops in the world 
which provides food resources to more than 2.5billions 
of people globally [1]. It is cultivated on an estimated 217 
million ha, making it the most widely grown crop in the 

world, and in terms of production it accounts for 752 M 
tones [2]. In the last eight decades, the production of wheat 
showed dramatic increment (from 222.4 M t in 1960 to 
760.9 M t in 2020). This has ensued through yield widening 
associated with the development of high-yielding cultivars, 
use of large amount of agrochemicals and better agronomic 
management practices [3]. In Africa, Ethiopia is the second 
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largest producer of wheat next to Egypt and produces 6.7 
Mt. This is equivalent to 21.7% of grain produced and 18.3% 
wheat area covered in Africa [4]. According to (CSA, 2021) 
Ethiopian Statistics Services wheat accounts for about 17% 
total grains harvested being grown on area (2.1 million ha), 
21 % total production and employment for close to 5million 
subsistence smallholder farmers.

Unlike areal expansion and improvement in volume of grain 
production, wheat production and productivity in Ethiopia 
is quite low compared with the country’s potential [5]. This 
low productivity is attributed to numerous aspects including 
high price of fertilizers, deficiency of improved seeds, high 
seed prices and diseases such as the rusts [6]. Among many 
production bottlenecks, fungal pathogens especially stem 
rust caused by the fungus Puccinia graminis f. sp. tritici, 
stripe (yellow) caused by Puccinia striiformis f.sp. tritici 
and fusarium head blight caused by Fusarium spp. comes 
forefront challenges [7,8].

Under favorable environmental conditions, stem rust can 
cause yield losses of up to 100% on susceptible wheat 
varieties. In Ethiopia, an epidemic of stem rust of wheat 
occurred regularly for instance in 1972, due to the loss of 
resistance in cultivar Lakech, which was grown on large area. 
Since then, recurrent epidemics have occurred during the 
last decades; including a major wheat stem rust outbreak 
caused by race TKTTF in 2013 resulting yield losses up to 
100% and average losses of approximately 50%.

Ailment regulator is likely with fungicides; nevertheless they 
are affordable for resource poor farmers in unindustrialized 
countries [9]. Growing of wheat varieties with resilient 
resistance genes also known as slow rusting, adult plant 
resistance or partial resistance is the most cost-effective, 
effective, and environmentally sustainable method of stem 
rust control. Since the start of development of improved 
wheat varieties, more than 80 bread wheat varieties have 
been released in Ethiopia with the aim of increasing yields 
and improving disease resistance [10]. Most of these varieties 
were carried race-specific genes and function in a gene-for-
gene fashion [11]. Genetic fingerprinting has revealed that 
newly released rust resistant bread wheat varieties have 
been largely adopted through Ethiopia [12]. Regardless of 
large cultivar choice, a few numbers of varieties cover most 
of the cultivated area. Virulence in the pathogen population 
has been evolving rapidly following the deployment of race-
specific resistance genes, often associated with a boom and-
bust cycle.

Developing and use of varieties having race non-specific 
resistance genes is the best strategy for breeding to long-
lasting stem rust resistance. Such custom of resistance is 
effective against a wide array of stem rust races with an 
ideal level of expression at the adult plant stages [11,13]. 

Numerous wheat varieties grown in Ethiopia that were 
inherited with major genes for stem rust resistance have 
been more recurrently surrendered to stem rust epiphytotic 
and frequently fallen out of production even with sustained 
desired agronomic qualities [14]. Hence, examining and 
ascertaining new sources of resistance to stem rust is a 
continual course in stem rust breeding programs. Thus, the 
present study was conducted to distinguish the occurrence 
of adult plant resistance to stem rust in advanced bread 
wheat genotypes and varieties through seedling and field 
phenotyping approaches.

Materials and Methods 

Descriptions of the study site 
To examine 33 advanced bread wheat genotypes and 
12 released varieties (Figure 1) for their slow rusting 
resistance to stem rust, a field experiment was executed 
during 2023/2024 irrigation cropping seasons (December 
to April) at Kulumsa agricultural research center. Kulumsa 
agricultural research center is situated at 08o 01’ 10’’ N, 39o 
09’ 11’’ E and at 2200 meters above sea level (m.a.s.l). The 
center receives mean annual rainfall of 820 mm signifying 
highland and high rainfall agro ecology. The monthly average 
minimum and maximum temperature is 10.5 and 22.8°C in 
that order. The sites dominant soil type is loam, which is 
fertile [15].

Planting materials 
A total of 33 elite bread wheat lines that were nominated 
and advanced from intercontinental nurseries as well as 12 
commercially released varieties, including susceptible and 
resistant checks, were used in the study. The advanced lines 
included in the study had different origins viz; three (ICARD); 
sixteen (CIMMYT); fourteen (local crosses), and twelve 
released varieties developed from the national bread wheat 
breeding and improvement program including susceptible 
checks.

Figure 1: Sources of wheat germplasms examined in the 
study.

https://academicstrive.com/AATPS/
https://academicstrive.com/submit-manuscript.php
https://academicstrive.com/AATPS/


3

https://academicstrive.com/AATPS/ https://academicstrive.com/submit-manuscript.php

Advances in Agricultural Technology & Plant Sciences 

Employed Stem rust race
One dominant P. graminis f. sp. tritici race namely; TKKTF, 
identified at Ambo agricultural research center from isolates 
collected in2021/2022 from different parts of wheat growing 
parts of Ethiopia was engaged both field and seedling assay 
of this experiment. This race is identified as virulent to Sr 
genes of 5,21,9e,7b,6,8a,9g, ,9b,30,17,9a,9d,10,Tmp, 38, and 
McNeil [16]; and is common to East African region. It broken 
most of the resistant genes carried in Ethiopian bread wheat 
varieties.

Field phenotyping and diseases scoring
Stem rust disease severity notes were taken by estimating 
the approximate percentage of plsnt area affected using 
modified Cobb scale [17]. Note taking was started from 
the first appearance of stem rust on the susceptible check 
and continued every 14 days from all plants until the early 
dough stage. Readings of disease severity and reaction 
were recorded together with severity first followed by 
host response. The numerical values of final rust severity 
are multiplied with fixed values of response to compute 
coefficient of infections.

Seedling phenotyping and data assessments
The seedling phenotyping in the greenhouse for determining 
seedling resistance was executed at Kulumsa agricultural 
research center during the 2024 under controlled 
environment. The spores were increased by inoculating onto 
a totally stem rust susceptible host McNair (without Sr gene) 
to get enough inoculum. Seedlings of the wheat germplasms 
along with the susceptible check, McNair, were grown in 
7 cm × 7 cm × 6 cm plastic pots filled with compost, light 
soil and sand at a 1:1:1 ratio (v/v/v). McNair was applied 
to establish the viability of spores inoculated to the lines. 
Spores of each race were suspended in light weight mineral 
oil, Soltrol 170 and adjusted to 1 × 105 sporesml−1. The spore 
suspension of the pathogen race was then inoculated on 7 
day-old seedlings using atomized inoculators. Seedlings 
were moistened with fine droplets of distilled water 30 min 
after inoculation and transferred into a dew chamber for 
18 h darkness at 18 to 22°C followed by disclosure to light 

for 4hrs to deliver promising situations for infection. After 
ventilation for 2hrs, the seedlings were transferred to glass 
compartments in the greenhouse where conditions were 
regulated at 12hrs photoperiod; at a temperature of 18 to 
25 °C and relative humidity: 60 to 70%. Seedling infection 
types (IT) were took 14 days post inoculations, based on a 
0–4 scale [18]. Infection types readings of 3 (medium-size 
uredinia with/without chlorosis) and 4 (large uredinia 
without chlorosis or necrosis) had considered as compatible 
reactions, while readings 0 (immune or fleck), 1 (small active 
spores with necrosis), and 2 (small to medium uredinia with 
discoloration) were assumed as discordant. The differences 
were refined by adjusting characters as follows: uredinia 
somewhat smaller than normal for the infection type; +, 
uredinia somewhat larger than usual for the infection type.

Results and Discussions

Final rust severity
There was broad variation in the final stem rust severity 
ranging from zero to 100% during the 2023/2024 offseason 
growing season at Kulumsa agricultural research center. 
Diverse field reactions ranging from immune to susceptible 
(S) responses were displayed (Table 1). The susceptible 
check Morocco, displayed the highest disease severity of 
100% with completely susceptible (S) responses indicating 
that an adequate epidemic pressure was established over the 
season for field experiment.

According to Parlevliet, et al. [13] final rust severity 
signifies the collective result of all resistance factors during 
the progress of epidemics. Accordingly, among tested 
germplasms 2 ICARDA crosses, 14 CIMMYT crosses; 10 local 
crosses and 1 variety showed a final rust severity below 
30%. While 1 ICARDA cross; 1 CIMMYT cross; 3 local crosses 
and 2 varieties were showed 31-50% diseases severities 
which signifies moderately resistant reaction. On contrary, 
none of ICARDA crosses; 1 CIMMYT cross; 1 local cross and 
9 varieties were displayed heavy diseases infestation and 
identified as susceptible.

Number Genotype
Field response Seedling response

Origin Reaction FRS ACI Infection type
1 EBW214061 ICARDA S 40 40 3
2 EBW170072 Local cross TMR 2 0.4 3+
3 EBW160066 Local cross MS 10 9 3
4 EBW202406 CIMMYT MR 2 0.4 3
5 EBW222923 CIMMYT MSS 30 27 ;
6 EBW170172 Local cross MR 2 0.4 3
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7 EBW222059 CIMMYT MR 2 0.4 ;
8 EBW202211 CIMMYT MSS 10 9 2
9 EBW170051 Local cross MSS 20 18 3

10 EBW160002 Local cross S 40 40 3-
12 EBW160017 Local cross S 60 50 3
13 EBW222680 CIMMYT MR 10 4 3+
14 EBW202471 CIMMYT S 60 50 2
15 EBW214045 ICARDA MR 5 2 1
16 EBW212354 CIMMYT Immune 0 0 1
17 EBW192345 CIMMYT MSS 20 18 2
18 EBW170179 Local cross S 40 40 3
19 EBW170056 Local cross MSS 30 27 3
20 EBW170391 Local cross MR 10 4 2
21 EBW170390 Local cross MSS 30 27 2-
22 EBW170059 Local cross MSS 20 18 3+
23 EBW202276 CIMMYT S 40 40 1
24 EBW160058 Local cross S 40 40 2
25 EBW212106 CIMMYT MS 20 16 ;
26 EBW222895 CIMMYT MSS 30 27 2-
27 EBW170058 Local cross MSS 30 27 3+
28 EBW222252 CIMMYT MR 2 0.4 ;
29 EBW212705 CIMMYT MS 20 18 ;
30 EBW222241 CIMMYT MR 2 0.4 1
31 EBW202020 CIMMYT MR 2 0.4 ;
32 EBW160065 Local cross MSS 30 27 3-
33 EBW224096 ICARDA MSS 30 27 3-

Varieties Center of release
1 Lemu Kulumsa, EIAR S 90 90 3
2 Deka Kulumsa, EIAR S 70 70 3
3 Abay Kulumsa, EIAR MS 5 4 3
4 Shaki Kulumsa, EIAR S 40 40 3
5 Boru Kulumsa, EIAR MSS 30 27 3
6 Balcha Kulumsa, EIAR S 80 80 3
7 Kingbird Kulumsa, EIAR S 90 90 3
8 Wane Kulumsa, EIAR S 90 90 3-
9 Ogolcho Kulumsa, EIAR S 90 90 3+

10 Hidassie Kulumsa, EIAR S 90 90 3
11 Morocco Kulumsa, EIAR S 100 100 4
12 Danda Kulumsa, EIAR S 90 100 3
13 McNair - - - - 4

Table 1: Sources, field and seedling responses of bread wheat genotypes against virulent stem rust race (TKKTF)
EBW, Ethiopian bread wheat; EIAR, Ethiopian Institute of Agricultural Research
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The results of the current finding revealed that reasonable 
percentage of advanced lines regardless of their origin have 
showed noble diseases resistant types of reaction with a 
lower disease severity. Conversely, most of the released wheat 
varieties including widely grown cultivars in areas of the study 
disclosed highly susceptible reaction. Formerly, scholars such 
as Worku, et al. [14] used final rust severity to assess slow 
rusting behavior of wheat lines. Overall, most of the tested 
germplasms included in this study showed incompatible host 
to pathogen reaction revealing that germplasms possessing 
slow rusting genes. According to Singh, et al. [19] bread 
wheat lines that show high and moderate level of FRS and 
ACI could have durable resistance, which can serve as good 
parents for breeding. The current finding were agreed with 
findings by Bacha, et al. [20] that tested thirty two durum 
and thirty bread wheat genotypes against stem rust at field 
on hotspots and seedling stage under greenhouse conditions 
of Ethiopia and found five resistant lines. Similarly Hunde, et 
al. evaluated ninety seven bread wheat and fourteen durum 
wheat genotypes against four virulent stem rust races both 
at field and seedling condition and found four genotype 
with adult plant resistance. Moreover, Nzuve, et al. [21-26] 
had evaluated twenty five bread wheat genotypes for slow 
rusting resistance at seedling and field conditions and 
discovered five genotypes with adult plant resistance.

Coefficient of infection 
The records on disease severity and fixed values of host 
response were combined to compute CI (Table 1). As 
expressed by Ali, et al., genotypes with coefficient of infections 
values of 0-20, 21-40, 41-60 were considered as having high, 
moderate and low levels of slow rusting resistance.

Accordingly, among tested germplasms 1 ICARDA Crosse, 12 
CIMMYT crosses; 6 local crosses and 1 variety had displayed 
coefficients of infections below 0-20 and are regarded as 
promising lines carried slow rusting. Whereas 2 ICARDA 
crosses; 2 CIMMYT crosses; 7 local crosses and 2 commercially 
released varieties were manifested 21-40 coefficients of 
infections. On contrary, none of ICARDA crosses; 2 CIMMYT 
crosses; 1 local cross and 9 varieties displayed coefficients 
of infections exceeding 41. The present study revealed that 
majority of the advanced genotypes 57.7% in regardless of 
their sources showed higher slow rusting characteristics 
to stem rust. However, most of commercial wheat cultivars 
including Deka and Shaki had CI values exceeding 41 
indicating the broken of their stem rust resistant genes 
and going to dropping out of production in the absence of 
fungicides. Therefore, regular searching of new sources of 
resistant genes is becoming mandatory. Formerly, several 
scholars for instance [14] assessed thousands of germplasms 
for adult plant rusting resistance to wheat stem rust using 
coefficient of infection and reported the presence of different 

polygenic resistance in the test lines. This study also agreed 
with findings of Worku, et al. [14] who examined three 
hundred and six elite breeding lines against stem rust at hot 
spots of East Africa and discovered significant percentage of 
lines were adult plant resistant.

Seedling reaction of wheat genotypes to stem rust 
race
The universal stem rust susceptible check varieties MacNair 
and Morocco were displayed the highest infection types; 4 
which are completely susceptible (S) responses indicating 
that an adequate epidemic pressure was established in green 
house. Under such favorable conditions neither advanced 
bread wheat genotypes nor the commercial released 
varieties had showed immune response at seedling stage in 
green house. However, 2 ICARDA crosses, 2 CIMMYT crosses, 
11 local crosses lines had showed fleck to 2 which signifies 
incompatible reaction among hosts and pathogen race. All 
the commercially released wheat varieties displayed host 
pathogen compatible reaction or susceptible response. As 
conveyed by Nzuve, et al. [21], wheat plants showing host 
pathogen compatible reaction at seedling stage and lower 
disease severities at adult stage are considered polygenic. 
Moreover Hunde, et al., had demonstrated 843 bread wheat 
genotypes and cultivars under field conditions and seedling 
response in green house and identified 52 lines were 
identified as slow rusting resistant. More recently, Bacha, 
et al. [20, 27-29] had evaluated bread 32 durum wheat and 
30 advanced bread wheat lines for their slow rusting under 
field and greenhouse conditions and four and two durum 
and bread wheat germplasms were identified as true slow 
rusting.

Conclusion

Unlike commercially released varieties, most of the appraised 
advanced genotypes exhibited better field resistance in high 
disease stress presented by susceptible check. However, few 
genotypes were identified as true slow rusting confirmed 
by seedling assay. Thus, eleven advanced genotypes namely; 
EBW170072, EBW160066, EBW170172, EBW170051, 
EBW160002, EBW222680, EBW170056, EBW170059, 
EBW170058, EBW160065 and EBW224096; and two 
commercially released varieties Abay and Boru showed true 
slow rusting. Therefore, the aforementioned lines can directly 
be exploited as resistant parental lines in the regional wheat 
breeding programme, or suggested to be forward-looking to 
regional yield trials for the development of high yielding and 
stem rust resistant cultivars to battle with the continually 
changing races of stem rust.

•	 Author’s contribution: All the authors have equally 
involved in execution of field and greenhouse 

https://academicstrive.com/AATPS/
https://academicstrive.com/submit-manuscript.php
https://academicstrive.com/AATPS/


6

https://academicstrive.com/AATPS/ https://academicstrive.com/submit-manuscript.php

Advances in Agricultural Technology & Plant Sciences 

experiments; while the corresponding author wrote the 
paper.

•	 Conflict of Interest: The authors declare no conflict 
interest.

•	 Acknowledgments: The authors gratefully thank 
Ethiopian Institute of agricultural research for financial 
support and Kulumsa agricultural research center for 
logistics facilitation.

References

1.	 Bentley AR, Donovan J, Sonder K, Baudron F, Lewis JM, et 
al. (2022) Near-to long-term measures to stabilize global 
wheat supplies and food security.  Nature Food  3(7): 
483-486. 

2.	 (2020) Food and Agriculture Organization of the United 
Nations, Rome.

3.	 Falcon WP, Naylor RL, Shankar ND (2022) Rethinking 
global food demand for 2050.  Population and 
Development Review 48(4): 921-957.

4.	 Crumpler K, Abi Khalil R, Tanganelli E, Rai N, Roffredi L, 
et al. (2021) Food and agriculture organization of the 
united nations rome.

5.	 Solomon T, Zewdu D, Sime B, Asefa B, Geleta N, et al. 
(2024) Contribution of Wheat Rust Diseases for Grain 
Yield Reduction of Bread Wheat Genotypes at Kulumsa. 
Adv Agri Tech Plant Sciences 2024, 7(1). 

6.	 Senbeta AF, Worku W (2023) Ethiopia’s wheat 
production pathways to self-sufficiency through land 
area expansion, irrigation advance, and yield gap closure. 
Hellion 9(10): e20720. 

7.	 Abebele GM, Zerihun AA, Negash T (2021) Survey of 
Major Wheat Diseases in South Eastern Ethiopia.

8.	 Muche AG, Ayele ZA, Negash GT, Kassa HD, Tilahun HL, 
et al. (2022) Field Assessment Of Commercial Wheat 
Varieties Advanced Lines And Trap Nurseries Against 
Yellow Rust In South East Ethiopia. Russian Journal of 
Agricultural and Socio-Economic Sciences 127(7): 104-
110.

9.	 Rehman AU, Sajjad M, Khan SH, Ahmad N (2013) 
Prospects of Wheat Breeding for Durable Resistance 
against Brown, Yellow and Black Rust Fungi. International 
journal of agriculture & biology 15(6).

10.	 MoANR (2016) Plant variety release, protection and 
seed quality control directorate. Ministry of Agriculture 
and Natural Resources. Crop Variety Register, Addis 
Ababa, Ethiopia 18.

11.	 McIntosh RA, Wellings CR, Park RF (1995) Wheat Rusts: 
An Atlas of Resistance Genes. London: Kluwer Academic 
Publishers, pp: 200.

12.	 Hodson DP, Jaleta M, Tesfaye K, Yirga C, Beyene H, (2020) 
Ethiopia’s transforming wheat landscape: tracking 
variety use through DNA fingerprinting. Scientific 
Reports 10: 18532.

13.	 Parlevliet JE (1985) Resistance of the nonspecific type. 
The Cereal Rusts, pp: 501-525.

14.	 Worku D, Zerihun T, Daniel K, Habtemariam Z, Dawit A 
et al. (2016) Development of wheat germplasm for stem 
rust resistance in eastern Africa.  African crop science 
journal 24(1): 25-33.

15.	 Abdulkadir B (2011) KARC stations distribution and 
website description.

16.	 Hovmøller MS, Patpour M, Rodriguez-Algaba J, Thach T, 
Sørensen CK, et al. (2023) GRRC 2022 report of stem and 
yellow rust genotyping and race analyses.  

17.	 Peterson RF, Campbell A, Hannah AE (1948) A 
diagrammatic scale for estimating rust intensity on 
leaves and stems of cereals. Can J Res 26: 496-500.

18.	 Stakman EC, Stewart DM, Loegering WQ (1962) 
Identification of physiologic races of Puccinia graminis 
var. tritici. US Agric Res Serv 617: 1-53.

19.	 Singh RP, William HM, Huerta-Espino J, Rosewarne 
G (2004) Wheat rust in Asia: meeting the challenges 
with old and new technologies. Proceedings of the 
4th international crop science congress. September, 
Brisbane, Australia.

20.	 Bacha N, Gutu K, Gemechu A (2020) Evaluation of 
Ethiopian Durum and Bread Wheat Genotypes for Stem 
Rust Adult Plant Resistance. Pest Management Journal of 
Ethiopia 23(1): 19-35.

21.	 Nzuve FM, Bhavani S, Tusiime G, Njau PN, Wanyera R 
(2012) Evaluation of bread wheat for both seedling and 
adult plant resistance to stem rust.

22.	  (2020) Report on farm management practices (private 
peasant holdings, Meher season). The federal democratic 
republic of Ethiopia central statistical agency: Addis 
Ababa, Agricultural sample survey 2020/21, 2013 E.C., 
pp: 534.

23.	 Hei N, Shimelis HA, Laing M, Admassu B (2014) 
Assessment of Ethiopian wheat lines for slow rusting 
resistance to stem rust of wheat caused Pgt.

https://academicstrive.com/AATPS/
https://academicstrive.com/submit-manuscript.php
https://academicstrive.com/AATPS/
https://www.nature.com/articles/s43016-022-00559-y
https://www.nature.com/articles/s43016-022-00559-y
https://www.nature.com/articles/s43016-022-00559-y
https://www.nature.com/articles/s43016-022-00559-y
https://onlinelibrary.wiley.com/doi/abs/10.1111/padr.12508
https://onlinelibrary.wiley.com/doi/abs/10.1111/padr.12508
https://onlinelibrary.wiley.com/doi/abs/10.1111/padr.12508
https://pubmed.ncbi.nlm.nih.gov/37860519/
https://pubmed.ncbi.nlm.nih.gov/37860519/
https://pubmed.ncbi.nlm.nih.gov/37860519/
https://pubmed.ncbi.nlm.nih.gov/37860519/
file:///C:/Users/Medwin/OneDrive/Desktop/AS/AATPS/01.%20AATPSRA240174/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/bgri.cornell.edu/wp-content/uploads/2021/01/wheat_rust_atlas_full.pdf
file:///C:/Users/Medwin/OneDrive/Desktop/AS/AATPS/01.%20AATPSRA240174/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/bgri.cornell.edu/wp-content/uploads/2021/01/wheat_rust_atlas_full.pdf
file:///C:/Users/Medwin/OneDrive/Desktop/AS/AATPS/01.%20AATPSRA240174/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/bgri.cornell.edu/wp-content/uploads/2021/01/wheat_rust_atlas_full.pdf
https://www.nature.com/articles/s41598-020-75181-8
https://www.nature.com/articles/s41598-020-75181-8
https://www.nature.com/articles/s41598-020-75181-8
https://www.nature.com/articles/s41598-020-75181-8
https://www.sciencedirect.com/science/article/abs/pii/B9780121484026500249
https://www.sciencedirect.com/science/article/abs/pii/B9780121484026500249
https://www.ajol.info/index.php/acsj/article/view/133063
https://www.ajol.info/index.php/acsj/article/view/133063
https://www.ajol.info/index.php/acsj/article/view/133063
https://www.ajol.info/index.php/acsj/article/view/133063
file:///C:/Users/Medwin/OneDrive/Desktop/AS/AATPS/01.%20AATPSRA240174/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/agro.au.dk/fileadmin/www.grcc.au.dk/International_Services/Pathotype_YR_results/GRRC_annual_report_2022.pdf
file:///C:/Users/Medwin/OneDrive/Desktop/AS/AATPS/01.%20AATPSRA240174/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/agro.au.dk/fileadmin/www.grcc.au.dk/International_Services/Pathotype_YR_results/GRRC_annual_report_2022.pdf
file:///C:/Users/Medwin/OneDrive/Desktop/AS/AATPS/01.%20AATPSRA240174/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/agro.au.dk/fileadmin/www.grcc.au.dk/International_Services/Pathotype_YR_results/GRRC_annual_report_2022.pdf
https://cdnsciencepub.com/doi/10.1139/cjr48c-033
https://cdnsciencepub.com/doi/10.1139/cjr48c-033
https://cdnsciencepub.com/doi/10.1139/cjr48c-033
file:///C:/Users/Medwin/OneDrive/Desktop/AS/AATPS/01.%20AATPSRA240174/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.ars.usda.gov/ARSUserFiles/50620500/Cerealrusts/Pgt/Stakman_code_Pgt.pdf
file:///C:/Users/Medwin/OneDrive/Desktop/AS/AATPS/01.%20AATPSRA240174/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.ars.usda.gov/ARSUserFiles/50620500/Cerealrusts/Pgt/Stakman_code_Pgt.pdf
file:///C:/Users/Medwin/OneDrive/Desktop/AS/AATPS/01.%20AATPSRA240174/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.ars.usda.gov/ARSUserFiles/50620500/Cerealrusts/Pgt/Stakman_code_Pgt.pdf
https://www.ajol.info/index.php/pmjoe/article/view/258879/244482
https://www.ajol.info/index.php/pmjoe/article/view/258879/244482
https://www.ajol.info/index.php/pmjoe/article/view/258879/244482
https://www.ajol.info/index.php/pmjoe/article/view/258879/244482
https://repository.cimmyt.org/entities/publication/7c6a6cb2-0b2a-4bf5-9584-70665922d379
https://repository.cimmyt.org/entities/publication/7c6a6cb2-0b2a-4bf5-9584-70665922d379
https://repository.cimmyt.org/entities/publication/7c6a6cb2-0b2a-4bf5-9584-70665922d379


7

https://academicstrive.com/AATPS/ https://academicstrive.com/submit-manuscript.php

Advances in Agricultural Technology & Plant Sciences 

24.	 Hundie B, Girma B, Tadesse Z, Edae E, Olivera P, et al. 
(2019) Characterization of Ethiopian wheat germplasm 
for resistance to four Puccinia graminis f. sp. tritici races 
facilitated by single-race nurseries. Plant disease 103(9): 
2359-2366.

25.	 Hundie B, Yirga F, Kassa D, Hailu E, Negash T, et al. 
(2018) Evaluation of advanced bread wheat lines for 
field and seedling resistance to stem rust (Puccinia 
graminis f. sp. tritici). American Journal of Biological and 
Environmental Statistics 9(2): 74-82.

26.	 Jaleta M, Hodson DP, Abeyo B, Yirga C, Erenstein O 
(2019) Smallholder’s coping mechanisms with wheat 
rust epidemics: Lessons from Ethiopia. PLoS ONE 14(7): 
e0219327.

27.	 Roelfs AP (1985b) Wheat and Rye Stem Rust. In: Roelfs AP, 
Bushnell WR (Eds.), Cereal Rusts, Diseases, Distribution, 
Epidemiology, and Control, Academic Press, Orlando, 2: 
301-328.

28.	 Sanders R (2011) Strategies to reduce the emerging 
wheat stripe rust disease. International Center for 
Agricultural Research in the Dry Areas.

29.	 Zerihun AA, Habtamariam DK, Abebele GM, Gure TN, 
Endale HZ (2023) Evaluation of Ethiopian key location 
disease nursery for the novel sources of resistance to 
stem rust (Puccinia graminis fs tritici). Ukrainian Journal 
of Ecology 13(2).

https://academicstrive.com/AATPS/
https://academicstrive.com/submit-manuscript.php
https://academicstrive.com/AATPS/
https://apsjournals.apsnet.org/doi/10.1094/PDIS-07-18-1243-RE
https://apsjournals.apsnet.org/doi/10.1094/PDIS-07-18-1243-RE
https://apsjournals.apsnet.org/doi/10.1094/PDIS-07-18-1243-RE
https://apsjournals.apsnet.org/doi/10.1094/PDIS-07-18-1243-RE
https://apsjournals.apsnet.org/doi/10.1094/PDIS-07-18-1243-RE
https://pmc.ncbi.nlm.nih.gov/articles/PMC6668782/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6668782/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6668782/
https://pmc.ncbi.nlm.nih.gov/articles/PMC6668782/
file:///C:/Users/Medwin/OneDrive/Desktop/AS/AATPS/01.%20AATPSRA240174/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.ars.usda.gov/ARSUserFiles/50620500/Publications/CerealRusts/The%20Cereal%20Rusts_VOLUME%20II.pdf
file:///C:/Users/Medwin/OneDrive/Desktop/AS/AATPS/01.%20AATPSRA240174/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.ars.usda.gov/ARSUserFiles/50620500/Publications/CerealRusts/The%20Cereal%20Rusts_VOLUME%20II.pdf
file:///C:/Users/Medwin/OneDrive/Desktop/AS/AATPS/01.%20AATPSRA240174/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.ars.usda.gov/ARSUserFiles/50620500/Publications/CerealRusts/The%20Cereal%20Rusts_VOLUME%20II.pdf
file:///C:/Users/Medwin/OneDrive/Desktop/AS/AATPS/01.%20AATPSRA240174/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/www.ars.usda.gov/ARSUserFiles/50620500/Publications/CerealRusts/The%20Cereal%20Rusts_VOLUME%20II.pdf
file:///C:/Users/Medwin/OneDrive/Desktop/AS/AATPS/01.%20AATPSRA240174/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/mel.cgiar.org/reporting/download/hash/2ZYo0wqc
file:///C:/Users/Medwin/OneDrive/Desktop/AS/AATPS/01.%20AATPSRA240174/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/mel.cgiar.org/reporting/download/hash/2ZYo0wqc
file:///C:/Users/Medwin/OneDrive/Desktop/AS/AATPS/01.%20AATPSRA240174/chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https:/mel.cgiar.org/reporting/download/hash/2ZYo0wqc

	_GoBack
	Abstract
	Introduction
	Materials and Methods 
	Descriptions of the study site 
	Planting materials 
	Employed Stem rust race
	Field phenotyping and diseases scoring
	Seedling phenotyping and data assessments

	Results and Discussions
	Final rust severity
	Coefficient of infection 
	Seedling reaction of wheat genotypes to stem rust race

	Conclusion
	References


