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Abstract
The field survey, for disease assessment was carried out during 2019 cropping season in three major wheat 

growing zone at North Shewa, East Shewa and Hadiya Zones which are purposely selected based on wheat production 
potential and highly suitable environment for the disease development.  Fifty-five fields were assessed, of this stem 
rust was observed at 35 fields about (63.64%), but 20 fields with (36.36%) were not infected. The disease intensity 
ranged up to complete infection of surveyed fields depending on different agro-ecology. Among assessed  fields at 
Hadiya; 9 were affected by 56.25%, 7 fields at East shewa by 38.89% and 19 fields at North shewa zones  by 90.48% 
were affected by stem rust. The highest disease incidence (57.94%) was recorded in East Shewa zone but; the lowest 
disease incidence (30%) was recorded Hadiya zone. Similarly, the highest disease severity (26.75%) was recorded at 
North Shewa zone and Hadiya zone with the same value. The highest prevalence (73.33%) of stem rust was recorded 
at the high altitude > 2300 m.a.s.l, whereas lowest prevalence of 56% was recorded at low altitude. Kubsa variety was 
found at 20 fields with 36.36% severity was observed much more fields than others. During the assessment Hidase 
variety at Hadiya zone which is severely infected with severity level of 60S in the field. Highest disease incidence 
(100%) was recorded in field cultivated with Hidase and Tesfaye variety while; the lowest disease incidences (0) 
were recorded farms cultivated with Mangudo, land race and kubsa at different locations variety. The highest disease 
incidence (100%) was observed in the matured growth stage but the lowest (58.06%) was recorded dough stage. 
No significantly differences between dough stage and Milk stage (α: 0.05) were recorded. The highest severity was 
recorded on wheat at dough stage (42.78%).There was highly significant (p<0.05) among the regions, districts within 
the zones and kebeles within the districts. 
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Introduction 
Wheat is a source of food for about 40% of the world population 

(FAO, 2017) [1]. With more than 220 million hectares planted 
annually, wheat is the most widely cultivated cereal in the world. 
The crop is grown at an altitude ranging from 1500 to 3000 (m.a.s.l) 
preferably 1,900 and 2,700 m.a.s.l between 6-160N latitude and 35-420 
E longitudes. Ethiopia is the largest wheat producer in sub-Saharan 
Africa with about 0.75 million ha of durum and bread wheat. Ethiopia 
has experienced production of both bread and durum wheat cultivated 
in the highlands of the country largely in the areas like East, Central 
and North West parts [2]. In Ethiopia, wheat is cultivated on over 1, 75 
million hectares and with an annual production of 4.84 million metric 
tons. Wheat contributes about 15.33% of the grain production in the 
country [3]. 

In terms production wheat is ranked third next to Maize and 
teffwith total of 30.08% (94,927,708.34 quintals), 17.12% (54,034,790.51 
quintals) and 15.33% (48,380,740.91 quintals) of the grain production, 
in the same order[3]. While, in terms of area coverage fourth after 
teff (Eragrostis tef (Zucc.) Trotter), maize (Zea mays L) and sorghum 
(Sorghum bicolor (L.) Moench). The Average yield of wheat in Ethiopia 
is increasing from 2.56 t/ha in 2015 to 2.764t/ha in 2019 [3] which is 
well below the world mean of 3.5 t ha-1 Currently, wheat production is 
constrained by various wheat diseases caused by fungal, bacterial, and 
viral pathogens. Cereal rust fungi (Puccinia spp.) are among the most 
studied plant disease-causing agents, as they affect cereals and grasses 
in all parts of the world, potentially causing devastating yield losses.
There are several areas worldwide in which each of the rusts can cause 
severe losses [4].

Among the rustdiseases on wheat, stem rust (Puccinia graminisf.
sp. triticiEriks.  & E.Henn), leaves rust (P.  triticinaEriks) and stripe 
rust (P. striiformisWestend. f. sp. triticiEriks) are  the  most  important  

*Corresponding author: Ashagre Asnakew Zewde, Ethiopian Institute of 
Agricultural Research, Agricultural Research Center, Debre Zeit, Ethiopia, Tel: 
0910582759; E-mail: ashagre.asnakew@gmail.com

Received: 28-Jan-2022, Manuscript No: ijrdpl-22-52729, Editor assigned: 30-
Jan-2022, PreQC No: ijrdpl-22-52729 (PQ), Reviewed: 14-Feb-2022, QC No: 
ijrdpl-22-52729, Revised: 18-Feb-2022, Manuscript No: ijrdpl-22-52729 (R) 
Published: 25-Feb-2022, DOI: 10.4172/2278-0238.1000116

Citation: Zewde AA (2022) Distribution rate of wheat stem rust (Puccinia graminis 
f.sp. tritici) at North shewa, Hadiya and East shewa Zone, Ethiopia. Int J Res Dev 
Pharm L Sci, 8: 116.

Copyright: © 2022 Zewde AA. This is an open-access article distributed under 
the terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and 
source are credited.

diseases  reducing  wheat production  in Ethiopia.  Stem rustcauses 
up to 100% yield losses over wide areas during epidemic years [5].  A 
stem rust pustule (uredinium) can produce 10000 urediniospores per 
day Aeciospores infect wheat similarly to urediniospores and used as 
source of inoculum of wheat stem rust. It serves as a consistent and 
early source of aeciospores and a breeding ground for new pathogenic 
races of the fungus. The existence of barberry plants in Ethiopia was 
reported from around Debresina and Menagesha areas [6] Bread 
and Durum as cultivated wheat and triticale are the primary hosts of 
wheat stem rust. 

Most highlands of Ethiopia are considered as a hot spot for the 
development of stem rust complex races.  This indicated the presence of 
broad races with wider virulence spectrum within the Pgt population in 
Ethiopia. Several historical events were happened in parts of Ethiopia 
in recent stem rust caused great losses: stem rust epidemics in 1975 
on variety Laketch; in 1992/93, on variety Enkoy; in 1994, on variety 
Kubsa; and, in 2013, on variety Digelu. Since the pathogen inoculum 
survives for several years due to favorable environmental conditions, 
adult plant resistances are highly at risk [7]. Epidemics of wheat rusts 
occur across continent due to the widespread urediniospores [8]. In 
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general, in order to combat the effects of stem rust disease on wheat 
production, it is advisable to use improved genotypes which have 
effectively resistant to the disease. Moreover, since resistant genes 
are periodically broken by the newly evolving wheat stem rust races 
favored by many factors, identification of available resistant genes in 
durum wheat cultivars and variability of races across different area is 
very important. According to [9] and Park et al. [10] race surveys serves 
importantevidence to decide the gene combinations to be considered 
by breeding programs using major gene resistance. The assessment is 
aimed: to assess the prevalence, incidence and severity of stem rust in 
north shewa zone major wheat production area of Ethiopia.

Materials and Methods
Assessment of wheat stem rust in the field

The field survey, for the assessment of disease intensity and 
distribution/virulence diversity of Puccinia graminisf.sp.tritici races 
was carried out during 2019 cropping season in three major wheat 
growing zone at North Shewa, East Shewa and Hadiya Zones which 
are purposely selected based on wheat production potential and highly 
suitable environment for the disease development.  From each zone 
21 farms were assessed at North shewa, 16 fieldsfrom Hadiya 18 fields 
were from East shewa. Considering the aforementioned criteria, 
from each zone, three districts were selected. From each district, 3-4 
kebele’s were selected and from each kebele’s, 1-3 farms were assessed 
at 5-20 km interval following main and feeder (accessible) roadsides.  
In addition to farmer’s field, the Farmer’s Training Center and wheat 
research stations with different crop growth stages based on Zadoks 
cereal growth stage (0-9) key. 

Disease data collection

Stem rust severity, incidence and prevalence assessment was made 
at five points with diagonals (‘’W’’ pattern) of the field using (1m2) 
quadrant used to calculate average values. The disease data’s was based 
on the formul

a: Data’s such as percentage distribution, agro ecology of study area 
(altitudinal ranges); stem rust prevalence, incidence severity and sown 
wheat cultivated were collected. According to this scale at 100; the 
actual leaf/stem covered by rust pustule is 37%.  

The severity of the disease was examined on randomly selected five 
plants in quadrant as a percentage of stem area infection by rust disease 
according to modified Cobb scale after Peterson et al.  [11] (Figure 1). 
Geographical data such as Latitude (N), Longitude (E) and Elevation (mm) 
of were using Garmin 600 model GPS recorded. A. Percentage occupied 
by uredinia. B.Rust severities by Peterson et al. (1948) [11]. Source: [12]

Data analysis

Disease incidence and severity data obtained from field survey 
were analyzed using three stage nested design with the model: 
 Yijk= μ+ τi+ βj(i)+γk(ij)+ εl(ijk) 

Where: yijkis disease intensity; k (peasant association); (J)district; 
zone (i), μ (overall mean); τi is the effect of the ith zone, βj(i) is the effect of 
the jth district within the ith zone, and γk(ij) is the effect of the kth peasant 
association within the jth district and ith zone, and εl(ijk) is the error 
term. Means were separated using LSD test at the alpha level of (5%) 
using SAS software version 9.1. The associations of disease incidence 
and severity with independent variables viz. altitude, variety growth 
stage and cultivars were computed using simple Pearson correlation 
analysis using SAS software version 9.1. One way ANOVA was used 
and means were separated using LSD test at (p=α: 0.01). Means that 
differ significantly separated using critical difference in each category 
viz., checks, test entries, tests and checks. 

Result And Discussions
Distribution and Occurrence of Wheat Stem Rust

Wheat stem rust incidence was observed at all assessed areas of 
North shewa, East shewa and Hadiya zone (Table 1).  nationality of the 
country with different disease intensity. The disease intensity ranged up 
to complete infection of surveyed fields depending on different agro-
ecology. Out of fifty-five assessed fields, the stem rust was observed 
on 35 about (63.64%), but 20 fields with (36.36%) were not infected. 
Among assessed 9 fields Hadiya; were affected 56.25%, East shewa 7 
fields 38.89% and North shewa zones 19 were 90.48% were affected 
by stem rust. The disease was prevalent in all assessed districts was 
significantly different (p < 0.01). The high disease prevalence 100% was 
recorded at north shewa at Moretena Jihur districts while the lowest 
0% east shewa was recorded at Lume district (Table 2). There is wide 
distribution of stem rust disease across the districts and zones.

The highest disease incidence (57.94%) was recorded in East Shewa 
zone but; the lowest disease incidence (30%) was recorded Hadiya 
zone. Similarly, the highest disease severity (26.75%) was recorded at 
North Shewa zone and Hadiya zone with the same value followed by 
East shewa zone (18.22%) (Figure 2). Several wheat stem rust epidemics 
have been recorded in Ethiopia at many zones due to ecological 
location and climatic conditions of the country as well as continuous 
cultivation of wheat during the year providing green bridge for survival 
of inoculum [13]. In agreement with reports Agro-ecological variation, 
cultivated varieties and weather variability such as temperature and 
relative humidity favors for the development stem rust epidemics. 

Accordingly there was a significant difference (P<0.05) by 
incidence and severity among districts. The highest rust incidence 

Figure 1. Rust severity estimation on leaves and stem of wheat. 
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(100%) was recorded at Lemo districts however; the lowest disease 
incidence (25.00%) was recorded at MoretenaJirru and Basonawarenna 
district. In relation to disease severity; the highest (40) was recorded 
at Hadiya zone of Lemo district while; the lowest (9.38) was obtained 
at N.shewazone of Basonawarena district (Table 3). According to 
Muluken et al. [14] reported the mean incidence and severity of stem 
rust reached at 0.63% and 0.5% respectively at Lemo district in 2017 
main cropping season (Figure 3).  

Distribution and intensity of wheat stem rust across peasant 
associations

Comparison district indicated that, highest incidence (100%) 
of the disease were recorded at the kebele’sassessed atBarkuncho, 
Misha, Morsuto, Guna and Hage; Ambichogode, Belesa, Ajotayisa 
and Senalisana, Gole, Girmi and Habruseftu, Shewa genet and 
Memherhager districts.  The lowest disease incidence was obtained 
5% at Angolella. The highest stem rust severity was 60% at Lemo 
districts of AjoTayisakebelewhile; the lowest stem rust severity 

was recorded at Mangudo and Tadecha with severity of 2.5% each 
locations. Low temperature at high altitude and high temperature at 
mid- altitude increases the importance of wheat stem rust at the areas 
when assessment is conducted (Table 4) and also the locality fall in 
the altitude range of 2180-2613 m.a.s.l. According to Peterson [15] and 
Tamen et al. [16] reported that warm temperature and long period of 
moisture content favors stem rust severely to occur. 

Distribution and prevalence of wheat stem rust across altitude 
ranges

According to the traditional classification system of agro ecological 
zones; 500-1500 m lowlands, 1500-2300m mid-lands and 2300-3200 
m.a.s.l which highland (Ferede et al., 2013) [17]. The current survey 
was carried out at altitude ranges of 1802-2867 m.a.s.l. From total fields 
examined, 45.46% of the fields were fall in mid altitudes ranging from 
1802 to 2300 m.a.s.l while; 54.55% were in the high altitude ranged 
from 2301-2867 m.a.s.l (Table 5). There was a variation (p< 0.05) 
among altitude classes in terms of incidence and severity of wheat stem 

Zone Districts Coordinates Altitude (m.a.s.l) Temperature (oc) RF (mm)
N E Min. Max.

East shewa
zone

Ada’a 08° 44’ 38°58’ 1950 8°C 28°C 851
Gimbichu 8º58 39o06 2450 9°C 29oC 1200

Lume 8°12 39°17” 1900 9.2 0C 29.30C 951
Hadya zone Lemo 7030’’ 37055‟ 2001 13 °C 26°C 1150

Misha 7° 56' 38°52” 2143 10.5°c 22.5°C 869
Duna 7°20‟ 37°39' 2453 120C 24oC 932

North shewa
zone

MoretenaJiru 9°36‟ 39°38` 2828 6.1°c 24°C 890
Basona werana 10° 41 39° 47′ 2828 13.5 0C 21.50C 1000

Minjar 8o 45” 39o 15‟ 2120 13 0C 290C 854

Table 1: Description of study areas.

Zones Districts Altitude ranges (m.a.s.l) No of fields 
assessed 

Fields infected Prevalence (%) 

Hadiya Duna 2495-2546 3 1 33.33
Misha 2386-2613 6 3 50
Lemo 2180-2280 7 5 71.43

Subtotal/Mean 2180-2613 16 9 56.25
East shewa Ada’a 1874-1957 8 4 50

Lume 1811-2094 5 0 0
Gimbichu 2297-2443 5 3 60

Subtotal/Mean 1811-2443 18 7 38.89
North shewa Minjar 1796-2147 5 4 80

Basonawarena 2768-2867 8 7 87.5
Moretenajirru 2651-2669 8 8 100

Subtotal/Mean - 1796-2867 21 19 90.48
Mean range - - 55 35 61.88

Table 2: Stem rust prevalence of across districts.

Figure 2.The distribution of wheat stem rust at different zones.
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Zones Districts N Range Incidence Range Severity
Hadiya Lemo 7 0-100 100a 0-70 40.00a

Misha 6 0-100 86.67a 0-45 15.00bcde
Duna 3 0-100 83.33a 0-70 26.67abcd

East Shewa Gimbichu 5 0-100 71.00ab 0-35 14.00cde
Ada'aa 8 0-100 50.63bc 0-60 21.25bcde
Lume 5 0-70 45.00bc 0-40 29.00abc

North Shewa Minjar 5 100 100a 0-50 32.00ab
MoretenaJirru 8 0-100 27.50c 0-25 10.62de

Basona warena 8 0-80 25.00c 0-40 9.38e
LSD 32.32 17.17

*Means with the same letter(s) within the column are not significantly different at p<0.05.

Table 3: Mean incidence and severity of wheat stem rust across the districts.

Figure 3. Symptoms of wheat stem rust captured during survey.

Zones Districts Peasant associations Field assessed Incidence % Severity %
Hadiya Duna Barkunch 2 80cab 37.5cadb

Kankicho 1 90ab 5f
Misha Abushra 2 60cadbe 5f

Morsuto 2 100a 30fcadb
Guna 1 100a 5f
Hage 1 100a 15fcdb

Lemo Ambichogode 2 100a 40cab
Bellessa 2 100a 57.5a
Ajotayis 1 100a 60a
Senalisa 2 100a 12.5fcdb

East shewa Ada'a Kality 2 90ab 42.5ab
Gandagorba 2 75cadb 35cadb

Tadechaa 2 20cde 2.5f
Denkaka 2 17.5cde 5f

Lume Golbagode 2 67.5cadbe 40cab
Tullure' 1 20cde 30fcadb

Dhakabora 1 30cdbe 25fcdb
Sharradibandiba 1 40cadbe 10fcd

Gimbichu Girmi 2 62.5cadbe 20fcdb
Lemlemchefe 1 30cdbe 10fcd
Habruseftu 1 100a 15fcdb

Gole 1 100a 5f
North Shewa Minjar Shewagenet 2 100a 22.5fcdb

Memhirhager 3 100a 38.33cadb
Basona warena Angolella 2 5e 5f

Bakelo 2 50cadbe 12.5fcdb
Saria 2 15cde 10fcd
Atakilt 2 30cdbe 10fcd

Moretnajirru Bollo 2 12.5de 10fcd
Denaton 2 40cadbe 7.5fd
Gerba 2 50cadbe 22.5fcdb

Mangudo 2 7.5e 2.5f
Lsd 65.05 31.58

*Means with the same letter(s) within the column are not significantly different at p<0.05.

Table 4: Incidence and severity of wheat stem rust across different kebele’s of the districts.
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rust. The highest prevalence (73.33%) of stem rust was recorded at the 
high altitude where as a prevalence of 56% was recorded at low altitude. 
This study showed that stem rust is important at all altitudes nowadays.

In agreement with reports, the highest level of infection 50% 
disease severity and 100% disease incidence has been reported in the 
altitude ranges from 1600 to 2500 m.a.s.l. This shows stem rust is also 
becoming important at higher elevations due to association of with 
climate change, widespread, susceptible commercial varieties and 
appearance of new virulent races.

Assessment of wheat stem rust by wheat variety

Assessment of wheat stem rust was conducted at major wheat 
production areas. In most assessed areas farmers were using both 
improved and landraces; ratio of 96.36% released varieties and 3.64% 
grown other cultivars. Majority of farms were rotated with chickpea, 
tef, lentil and peanut. Five varieties were obtained during the survey, 
namely; Hidase, Tesfaye, Kubsa, Landrace, Mangudo and Kakaba. 
Number of wheat cultivars in respective to the percentage is indicated 
in the Table 6. Conversely, Kubsa variety was found at 20 fields with 
36.36% severity was observed. There were significant difference 
observed between Tesfaye, Kakaba, Hidase and Mangudo which are 
released varieties as shown in Table 6. Among allkubsa is produced at 
East shewa zone, Mangudo being produced at North shewa zone and 
Hidase is being produced at Hadiya zone in large coverage. Where: R- 
resistant, MR- moderately resistant, MS- moderately susceptible and 

S- susceptible. During the assessment Hidase variety at Hadiya zone 
which is severely infected with severity level of 60S in the field. The 
host reaction during the assessment fields was scored using ''R'' to 
resistance, ''MR'' to indicate moderate resistance; ''MS'' to moderately 
susceptible (Figure 1) and 'S' to indicate full susceptibility [12]. There 
was a significant difference (p< 0.05) in disease incidence among 
cultivated varieties. The highest disease incidence (100%) was recorded 
in field cultivated with Hidase and Tesfaye variety while; the lowest 
zero disease incidences were recorded farms cultivated with Mangudo, 
land race and kubsa at different locations variety. Similarly, there was 
a significant difference (p < 0.05) among varieties grown in disease 
severity (Table 6).

Occurrence of wheat stem rust by wheat growth stages

Growth stage is important parameter to be considered when 
wheat stem rust is being assessed to obtain clear data on effects 
caused by wheat stem rust for comparison of varieties, locations and 
years. Infected fields per their percentage according to growth stage: 
18/32.73%, 31/56.36%, and 6/10.91% were assessed at milk, dough and 
Matured, respectively (Table 7). The highest disease incidence (100%) 
was observed in the matured growth stage but the lowest (58.06%) was 
recorded dough stage. No significantly differences between dough stage 
and Milk stage (α: 0.05) (Table 7). The highest severity was recorded 
on wheat at dough stage (42.78%) followed by matured stage however; 
lowest disease severity (15%) was recorded on dough growth stage. The 

Altitude range (m.a.s.l) Class name Fields assessed Prevalence (%) Incidence (%) Severity (%)
Range Mean Range Mean

1500-2300 (m.a.s.l) Mid-Altitude 25 56 0-100 30.10a 0-70 25.59a
2300-3200 (m.a.s.l) High-Altitude 30 73.33 0-100 24.73b 0-70 14.30b

Range 55 0-100 0-70
LSD (0.05) 5.12 4.34

CV (%) 4.70 3.41
*Means with the same letter(s) within the column are not significantly different at p<0.05.

Table 5: The intensity of stem rust across different altitudinal ranges.

Field Reactions of Wheat Varieties

Variety Response Number of field assessed Incidence Severity
Hidase MS-S 5 100a 43ab
Tesfaye S 1 100a 60a
Kubsa 0-MS-S 20 55.75b 16.50c

Landrace MR-MS-S 2 100a 5c
Mangudo 0-MR-MS-S 16 51.25b 19.06c
Kakaba MS-S 11 58.18ab 21.36bc

LSD - - 42.94 22.81
*Means with the same letter(s) within the column are not significantly different at p<0.05.

Table 6: Mean incidence and severity of wheat stem rust by varieties.

Growth Stage Response Number of fields 
assessed

Incidence (%) Severity (%)

Range Mean Range Mean
Matured MS-S 6 100 100a 0-70 38.33a
Dough MS-S 31 0-100 58.06b 0-70 42.78a

Milk MR-MS-S 18 0-100 63.24b 0-40 15b

Booting -- --- --- --- ------ -----
Range 0-100 0-70

LSD(0.05) 32.93 12.51

*Means with the same letter(s) within the column are not significantly different at p<0.05.

Table 7: The incidence and severity of stem rust comparing by wheat growth stage.
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variation in the levels of wheat stem rust infections depended on the 
growth stages.

In the study area, wheat was grown in wide ranging agro-ecological 
zones that have been cultivated at varied dates [18]. Approved that 
planting date greatly reduces the degree of disease severity for the 
cultivars that had the highest disease severity in early planted stands. 
Specifically delay planting may provide as a successful management 
method. For some diseases, early planting results in less disease 
development than late planting [19]. For many diseases of fall-planted 
crops, however, early planting can increase exposure to autumn 
inoculum, and thus infection.

Summary and Conclusion
The disease intensity ranged up to complete infection of 

surveyed fields depending on different agro-ecology. There is wide 
distribution of stem rust disease across the districts and zones. 
The high disease prevalence 100% was recorded at north shewa at 
MoretenaJihur districts while the lowest 0% east shewa was recorded 
at Lume district. The highest rust incidence (100%) was recorded at 
Lemo districts however; the lowest disease incidence (25.00%) was 
recorded at MoretenaJirru and Basonawarenna district. In relation 
to disease severity; the highest (40) was recorded at Hadiya zone of 
Lemo district while; the lowest (9.38) was obtained at N.shewa zone 
of Basonawarena district. Comparison district indicated that, highest 
incidence (100%) of the disease were recorded at the kebele’s assessed 
at Barkuncho, Misha, Morsuto, Guna and Hage; Ambichogode, Belesa, 
Ajotayisa and Senalisana, Gole, Girmi and Habruseftu, Shewa genet 
and Memherhager districts.  Low temperature at high altitude and high 
temperature at mid- altitude increases the importance of wheat stem 
rust at the areas when assessment is conducted with the altitude range 
of 2180-2613 m.a.s.l. This study showed that stem rust is important at 
all altitudes nowadays. The variation in the levels of wheat stem rust 
infections depended on the growth stages.

References
1. FAO (2017) The State of Food and Agriculture Climate Change, Agriculture 

and Food Security. Food and agriculture organization of the united nations, 
rome, USA.

2. Ababa A (2017) Chamber of Commerce and Sectoral Associations (AACCSA), 
Value chain study on wheat industry in Ethiopia by afro-universal consultant 
and general trading P.L.C. final report Addis Ababa. 12-59.

3. CSA (2019) Report on area and production of major crops (For private peasant 
holding, Meher Season. Addis Ababa, Ethiopia: Central statistical agency:1

4. Saari EE, Prescott JM (1985) World distribution in relation to economic 
losses. In: Roelfs, A.P. and Bushnell, W.R. (Eds.). The cereal rusts diseases, 
distribution, epidemiology, and control. Academic press orlando 2: 259-298.

5. Hodson D (2014) Keeping track of rust. 

6. Sorokina G, Gorshkov A, Madumarov T (1980) Working out methods to enable 
an improvement in resistance of cereals to the major fungal disease. Scientific 
Phytopathological Laboratory, Progress Report for the Period 67.

7. Netsanet B, Tsegaab T, Getaneh W, Endale H, Bekele H, et al. (2018) 
Distribution and frequency of wheat stem rust races (Puccinia graminis f. sp. 
tritici) in Ethiopia . Agric Res 6:88-96.

8. Khan MH, Bukhari A, Dar ZA, Rizvi SM (2013) Status and strategies in breeding 
for rust resistance in wheat. J Agric Sci 4: 292-301.

9. Huerta-Spino J (1994) Evolution of virulence combinations in wheat leaf and 
stem rust in mexico. in: saari ee hettel gp eds guide to the cimmyt wheat crop 
protection sub-program. wheat special report no  mexico city mexico cimmyt 
24:34-36.

10. Park R, Fetch T, Hodson D, Jin Y, Nazari K, et al. (2011) International 
surveillance of wheat rust pathogens: progress and challenges. Euphytica 
179:109-17.

11. Peterson RF, Campbell AR, Hannah AE (1948) A diagrammatic scale for 
estimating rust intensity on leaves and stem of cereals. Can J Res 26: 490-500.

12. Roelfs AP, Singh RP, Saari EE (1992) Rust diseases of wheat: Concepts and 
methods of disease management. mexico city mexico cimmyt.

13. Eshete BB (2018) Status and challenges of wheat stem rust (Puccinia graminis 
F. sp. Tritici) and threats of new races in Ethiopia. Int J ForHortic 4:22-31.

14. Muluken G, Bilal T, and Mitiku K (2018)  Assessment on prevalence, incidence 
and severity wheat rust diseases in Silte, Gurage and Hadiya zones, southern 
Ethiopia. Int J Hortic 2:1-5. 

15. Peterson PD (2001) Stem rust of wheat: from ancient enemy to modern foe. 
Aps press.

16. Tamene M, Chemeda F, Bekele H (2018) Analysis of climate variability effects 
on wheat stem rust (pucciniagraminis f.sp tritici) epidemics in bale and arsi 
zones of Oromia Regional State, Ethiopia. Amer J of Biol and Envir Stat 4:49-65. 

17. Ferede T, Ayenew A, Hanjra M, Hanjra M (2013) Agro ecology matters: impacts 
of climate change on agriculture and its implications for food security in Ethiopia. 
Global food security emerging issues and economic implications 71-112.

18. Pfender WF (2004) Effect of autumn planting date and stand age on severity of 
stem rust in seed crops of perennial ryegrass. Plant dis 88: 1017-1020.

19. Sulc RM, Rhodes LH (1997) Planting date fungicide and cultivar effects on 
sclerotinia crown and stem rot severity in alfalfa. Plant dis 81: 13-17.

https://www.fao.org/3/i6583e/i6583e.pdf
https://www.fao.org/3/i6583e/i6583e.pdf
http://addischamber.com/wp-content/uploads/2017/01/Value-Chain-study-on-Wheat-Industry-in-Ethiopia.pdf
http://addischamber.com/wp-content/uploads/2017/01/Value-Chain-study-on-Wheat-Industry-in-Ethiopia.pdf
http://addischamber.com/wp-content/uploads/2017/01/Value-Chain-study-on-Wheat-Industry-in-Ethiopia.pdf
https://searchworks.stanford.edu/view/5757166
https://searchworks.stanford.edu/view/5757166
https://globalrust.org/sites/default/files/cereal-rusts/volume2.pdf
https://globalrust.org/sites/default/files/cereal-rusts/volume2.pdf
https://globalrust.org/sites/default/files/cereal-rusts/volume2.pdf
https://rusttracker.cimmyt.org/?p=5563
https://www.researchgate.net/publication/332465823_Distribution_and_frequency_of_wheat_stem_rust_races_Puccinia_graminis_f_sp_tritici_in_Ethiopia
https://www.researchgate.net/publication/332465823_Distribution_and_frequency_of_wheat_stem_rust_races_Puccinia_graminis_f_sp_tritici_in_Ethiopia
https://www.scirp.org/pdf/AS_2013062709162587.pdf
https://www.scirp.org/pdf/AS_2013062709162587.pdf
https://www.researchgate.net/publication/226769066_International_surveillance_of_wheat_rust_pathogens_Progress_and_challenges
https://www.researchgate.net/publication/226769066_International_surveillance_of_wheat_rust_pathogens_Progress_and_challenges
https://www.scienceopen.com/document?vid=bc697c61-b033-442a-a0d2-d575ba10a436
https://www.scienceopen.com/document?vid=bc697c61-b033-442a-a0d2-d575ba10a436
https://repository.cimmyt.org/xmlui/handle/10883/1153
https://repository.cimmyt.org/xmlui/handle/10883/1153
https://www.arcjournals.org/international-journal-of-forestry-and-horticulture/volume-4-issue-4/3
https://www.arcjournals.org/international-journal-of-forestry-and-horticulture/volume-4-issue-4/3
https://aipublications.com/uploads/issue_files/6-IJHAF-JUL-2018-1-Assessmenton.pdf
https://aipublications.com/uploads/issue_files/6-IJHAF-JUL-2018-1-Assessmenton.pdf
https://aipublications.com/uploads/issue_files/6-IJHAF-JUL-2018-1-Assessmenton.pdf
https://www.cabdirect.org/cabdirect/abstract/20013088375
https://www.sciencepublishinggroup.com/journal/paperinfo?journalid=375&doi=10.11648/j.ajbes.20180402.12
https://www.sciencepublishinggroup.com/journal/paperinfo?journalid=375&doi=10.11648/j.ajbes.20180402.12
https://www.sciencepublishinggroup.com/journal/paperinfo?journalid=375&doi=10.11648/j.ajbes.20180402.12
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.664.7222&rep=rep1&type=pdf
https://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.664.7222&rep=rep1&type=pdf
https://apsjournals.apsnet.org/doi/pdfplus/10.1094/PDIS.2004.88.9.1017
https://apsjournals.apsnet.org/doi/pdfplus/10.1094/PDIS.2004.88.9.1017
https://apsjournals.apsnet.org/doi/pdfplus/10.1094/PDIS.1997.81.1.13
https://apsjournals.apsnet.org/doi/pdfplus/10.1094/PDIS.1997.81.1.13

	Title
	Abstract

