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Abstract: Stem rust or black rust caused by Puccinia graminis f.sp. tritici is one of the major biotic constraints of wheat 

production in Ethiopia. The disease may cause substantial quantitative and qualitative yield losses but much of the work in 

Ethiopia on this pathosystem focuses on quantitative yield loss and qualitative losses are often overlooked. As the result, the 

current research was designed with the objective of elucidating the effect of wheat stem rust on yield, physical and processing 

quality of durum wheat. For this purpose, a factorial field experiment involving three durum wheat varieties (Ude, Denbi and 

Hitosa) were selected and Tilt application was conducted at Debre Zeit Agricultural Research Centre for two cropping seasons 

(2016-2017). The experiment was laid out in randomized complete block design with three replications and untreated checks 

were included for comparison purpose. Results revealed significant variations in disease parameters and crop performance of 

treated plots, wheat varieties and their interactions. Stem rust severity was significantly reduced by the application of Tilt 

across all wheat varieties, and the highest decrease in disease level (8.9 and 15.2%) was achieved by Tilt application in 2017 

and 2016 cropping seasons, respectively. Correlation analysis revealed negative relationship between stem rust and durum 

wheat grain yield and quality parameters, which was highly significant in most cases. However, there was highly significantly 

positive correlation (r=0.31** and r = 0.39***) between stem rust and grain protein content during the year of 2016 and 2017 

cropping seasons, respectively. The results confirmed the economic importance of stem rust to food industry for its effect on 

grain yield, physical and processing quality of durum wheat in Ethiopia. 
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1. Introduction 

Durum wheat (Triticum turgidum) is among the most 

important cereal crops in Ethiopia. It is widely cultivated in 

some parts of Ethiopia, including the Bale highlands. 

However, its production and quality is affected by abiotic and 

biotic factors. Among the biotic factors, stem rust (Puccinia 

graminis f.sp. tritici) is becoming a leading bottleneck of 

durum wheat production in the country, affecting both 

quantitative and qualitative yield of the crop. 

Nowadays, durum wheat is considered as potential crop by 

the government for food industry as import substitution and 

one means of income diversification for the farmers. With the 

increasing number of processing industries, the demand for 

durum wheat grains for pasta processing is growing in the 

country. In 2012 Ethiopia imported 472,147t of durum wheat, 

at a cost of 174.6 million dollars [6]. The same author also 

reported that 27 cooperatives and five unions in the districts 

of Agarfa, Goro, Ginir, Gololcha, Sinana and Dello Mena are 

the main beneficiaries and simultaneously actors of the 

economic growth and development endeavor in producing 

durum wheat for different pasta and macaroni factories. 

Nevertheless, due to various reasons, locally produced 

durum wheat grains are censured to be of poor quality and do 

not meet the minimum quality standard of pasta production. 

Hence, in spite of the large volume of local production, some 



79 Ashenafi Gemechu Degete and Alemayehu Chala:  Effects of Stem Rust (Puccinia graminis f.sp. tritici) on Yield,   

Physical and Chemical Quality of Durum Wheat Varieties in East Shoa Zone, Ethiopia 

processing industries prefer to import durum wheat grain for 

pasta production [2]. 

The acceptability of durum wheat varieties are greatly 

influenced by their quality characteristics as it is an important 

aspect of durum wheat. Grain protein content is considered 

as the main characteristic of durum wheat grain quality [7]. 

Differences in cooking quality among wheat varieties are 

mainly due to the differences in starch granule in the 

endosperm, attributed to the protein content and composition 

of the endosperm [12]. These characteristics tend to be 

cultivar-dependent [13]. 

In Ethiopia from time to time there is a problem of foliar 

diseases of bread and durum wheat that cause reduction in 

grain weight, grain size and yield. Particularly stem rust is 

the most important disease. Relationship between stripe rust 

(Puccinia striiformis) and grain quality of bread wheat has 

been studied in Ethiopia [15] and also the effect of Tilt on the 

development of wheat stem rust and yield of bread wheat 

varieties have been studied [17]. 

In spite of its importance, stem rust has been one of the 

most scantily studied disease in relation to its effect on 

durum wheat yield, physical quality traits of hectolitre 

weight, thousand kernel weight and seed size and processing 

quality traits including, grain protein, gluten and ash contents 

with and without the application of Tilt. Therefore, the 

present study aims to contribute towards integrated 

management of wheat stem rust for improved physical and 

processing quality of durum wheat in Ethiopia. 

2. Materials and Methods 

The experiment was carried out at Debre Zeit Agricultural 

Research Centre (DZARC) (8
o
 44 ‘N, 39 

o
 02’E) during 2016 

and 2017 cropping seasons. Debre Zeit is mid-highland 

(1900m.a.s.l.) characterized by moderate rainfall (851mm 

total annual rainfall); average minimum temperature of 8.9
o
C 

and mean maximum temperature of 28.3°C. The soil is 

characterized as pellic vertisol. Three durum wheat varieties 

released from Debre Zeit Agricultural Research Centres were 

used. These varieties were selected based on their response to 

stem rust and other diseases like Fusarium spp, Septoria spp, 

leaf and stripe rusts and yield potential. Propiconazole (Tilt® 

250 E. C.) was applied at a rate of 0.5 l/ha was applied for 

treated plots and there were also untreated plots for 

comparison purpose. The application was made after the 

appearance of diseases symptoms on the hosts and when 

stem rust severity on the spreader rows reached 30%. 

Each experimental plot was 2.5m long and 1.2m wide, 

with six rows each spaced 20cm apart, giving a plot area of 

3m
2
. The space between plots and blocks were 1m and 1.5m, 

respectively. Wheat seed was hand drilled at a rate of 

150kg/ha and covered lightly with soil. 

Fertilizer rates were 41 kg/ ha N (50kg urea) and 46 kg/ ha 

P2O5 (100kg DAP) and were applied during planting. Three 

to four times hand weeding were carried out during the crop 

growing season to make the plots weed free. 

2.1. Inoculation 

Stem rust epidemic was initiated by inoculating spreader 

rows with the mixture of virulent stem rust races of TTKSK, 

JRCQC, TRTTF and TKTTF at equal proportions (0.6mg 

each). The spreader rows included Morocco, Digalu, 

Arendato and PBW343 and they were planted in a mixture of 

25% each. 

Spreader was planted along the border of experimental 

plots [19] seven days before the test varieties were planted. 

Each spreader row was inoculated with 0.6mg spore of each 

race mixtures following the method proposed by [23]. 

According to these authors about 1000 spores of cells are 

required to inoculate a single plant. 

A total of three inoculations were carried out to ensure 

enough disease pressure and inoculums source to the 

experimental field. The first two inoculations were done 

through injection at stem elongation growth stage [24]. 

Injection of the spreader rows was done at 0.5m intervals 

using 10ml syringe and a total of 104 plants were inoculated 

for each single row spreader. 

2.2. Disease Assessment 

From each plot about twenty plants were selected and 

disease scored for each selected plants. Disease scoring 

started a week before the first spraying and continued for 

four times at 10 days interval. 

2.3. Data Analysis 

Data on terminal stem rust severity, hectoliter weight, 

thousand kernel weight, grain protein content, grain gluten 

content, ash content, kernel size and yield were subjected to 

analysis of variance using GLM procedure of the System 

Analysis Software [11]. 

Least Significant Difference (LSD 0.05) was employed to 

compare treatment means. Data on stem rust yield and 

quality parameters were correlated using the Proc-Corr 

procedures of SAS [11]. 

3. Results and Discussion 

3.1. Terminal Stem Rust Severity  

Due to heterogeneity of data over cropping years, 

combined analysis of terminal severity, yield, chemical and 

physical qualities were not done. 

During 2016 cropping season, terminal stem rust severity 

on untreated plots was 63.3% on both susceptible varieties 

(Denbi and Hitosa), 66.7% on moderately susceptible variety 

of Ude (Table 1). Terminal stem rust severity on treated plots 

during the same year varied between 10.7 and 20% on 

susceptible varieties, 30% on moderately susceptible variety 

suggesting a significant reduction in stem rust disease level 

as the result of fungicide sprays. 

During the year of 2017 cropping season, terminal stem 

rust severity on untreated plots ranged from 26.7 to 30% on 

susceptible varieties, 25% on moderately susceptible 
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varieties (Table 1). On the other hand, terminal stem rust 

severity on treated plots during 2017 season ranged from 8.3 

to 18.3% on susceptible varieties, 7.3% on moderately 

susceptible variety. [22] reported that application of Tilts 

effectively reduced disease severity 

Overall terminal disease severity was lower in 2017 

cropping season as compared to 2016 cropping season. This 

might be due to relatively dry and low rain fall conditions, 

which might be less favourable to disease development. 

3.2. Yield and Physical Quality Parameters  

The Tilt application created significantly different levels of 

terminal stem rust severity across the durum wheat varieties 

that enabled to assess the effects of stem rust disease on 

durum wheat grain yield and quality during both cropping 

seasons. 

In general, the analysis of variance revealed significant (P 

< 0.01) differences among Tilt treated and untreated plots in 

hectolitre weight (HLW), thousand kernel weight (TKW), 

kernel size and yield during 2016 and 2017 cropping seasons 

at Debre Zeit. 

The physical characteristics of durum wheat, such as test 

weight, thousand kernel weight and kernel size have been 

known to influence the milling performance of durum wheat 

and also pasta quality directly or indirectly [1]. So results of 

the current experiment will have implications on the 

management of stem rust for improved qualitative and 

quantitative yield of durum wheat. 

3.2.1. Grain Yield 

Estimating yield loss by a disease is a prerequisite to 

develop strategies for disease control particularity through 

breeding objectives for disease resistance [20]. 

During 2016 cropping season, yield on untreated plots 

varied from 4.7 to 5.7 t ha
-1

 on susceptible varieties (Denbi 

and Hitosa), whereas, it was 5.7 t ha
-1

 on moderately 

susceptible variety of Ude (Table 1). During the same 

cropping year, a maximum yield of 7.0 t ha
-1

 was obtained 

from treated plots of both susceptible varieties; whilst grain 

yields of 7.0tha
-1

 was obtained from fungicide treated of 

moderately susceptible variety. Similarly [21] reported that 

stem rust reduced yield irrespective of the type and level of 

resistance possessed by the varieties. 

Results suggest the effect of fungicides may have in 

improving yield performance of susceptible wheat varieties. 

Yield on untreated plots during 2017 cropping season ranged 

from 5.3 to 6.3 t ha
-1

on susceptible varieties, 5.3 t ha
-1

 on 

moderately susceptible variety. Whereas, yield on treated 

plots during the same cropping season varied from 7.0 to 8.0 

t ha
-1

 on susceptible varieties, 7.7tha
-1

 on moderately 

susceptible variety (Table 1). [18] also reported that the Tilt-

protected plots remained almost free from stem rust. 

3.2.2. Hectoliter Weight  

During 2016 cropping season, hectolitre weight on 

untreated plots varied from 72.0 to 73.8kghl
-1

 on susceptible 

varieties (Denbi and Hitosa), 71.0kghl
-1

 on moderately 

susceptible variety Ude (Table 1). In the same season the 

hectolitre weight on treated plots ranged from 78.3
 
to 79.1 

kghl
-1

 on susceptible varieties, 77.1kghl
-1

 on moderately 

susceptible variety. 

Hectolitre weight on untreated plots during 2017 planting 

season varied from 72.5 to 73.6kghl
-1

 on susceptible 

varieties, 72.4kghl
-1

 on moderately susceptible variety. 

During this year hectolitre weight on treated plots varied 

from 79.5 to 79.9kghl
-1

 on susceptible varieties and 79.1kghl
-

1
 on moderately susceptible variety. [15] also reported that 

stripe rust has decreased hectolitre weight of grains harvested 

from unsprayed plots than frequently sprayed plots. [14] 

found a strong relationship between semolina yield and test 

weight for durum wheat for two consecutive crop years. The 

highest mean value of hectolitre weight (79.2kghl
-1

 and 

76.7kghl
-1

) was obtained from the Tilt treated plots during 

2016 and 2017 cropping seasons, respectively. 

However, the hectolitre weight measured was below the 

acceptable range (72.8 to 84 kg hl
-1

) according to the 

ICARDA guidelines. 

3.2.3. Thousand Kernel Weight 

During the year 2016 planting season thousand kernel 

weight (TKW) on untreated plots ranged from 36.4 to 38g on 

susceptible varieties (Denbi and Hitosa), 44.8g on 

moderately susceptible variety (Ude) (Table 1). Thousand 

kernel weight on treated plots during the same season varied 

from 40.9 to 44.5g on susceptible varieties and 51.7g on 

moderately susceptible variety. 

Thousand kernel weight on untreated plots during 2017 

cropping season varied from 35.7 to 37.7g on susceptible 

varieties, 40.7g on moderately susceptible variety. 

During this season thousand kernel weight on treated plots 

ranged from 46.3 to 44.8g on susceptible varieties and 44.8g 

on moderately susceptible variety. 

[17] also reported significant increase in TKW as results of 

Tilt treatments. [4] also found that diseases such as stripe rust 

and root rots decrease the thousand kernel weight but also 

increase the protein levels in the grain. 

3.2.4. Kernel Size  

During 2016 cropping season, the same kernel size 

(2.9mm) resulted on both susceptible varieties (Denbi and 

Hitosa) from untreated plots. On the other hand, kernel size 

varied from 3.0mm on moderately susceptible variety (Ude) 

for untreated plots. During this year the kernel size on treated 

plots varied 3.0 to 3.3mm on susceptible varieties, and also 

3.4mm on moderately resistant varieties (Table 1). 

On the other hand, the kernel size on untreated plots 

during 2017 cropping season was 2.7 to 2.8mm on 

susceptible varieties, 2.9mm on moderately susceptible 

variety. During this cropping season kernel size on treated 

plots varied from 3.0 to 3.1mm on susceptible varieties, 

3.4mm on moderately susceptible variety (Table 1). Infection 

of wheat stem and leaf sheaths by wheat stem rust affects the 

transport of assimilates to the developing kernel and results 

in shrivelled kernel which affects yield and quality of wheat 

16, 25]. 
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Table 1. The Tilt application and variety on yield and physical quality traits of durum wheat varieties during 2016 and 2017 cropping seasons at Debre Zeit. 

Varieties Treatment 
2016 

Trs AUDPC Yield (tha-1) HLW (Kg/hl) TKW (g) Seed size (mm) 

Ude (MS) 
No spray 66.7 991.7 5.7 71.0 44.7 3.0 

sprayed 30 500 7.0 77.1 51.7 3.4 

Denbi (S) 
No spray 63.3 866.7 4.7 72.0 36.4 2.9 

sprayed 20 366.7 7.0 79.0 44.5 3.3 

Hitosa (S) 
No spray 63.3 783.3 4.7 73 38 2.9 

Sprayed 16.7 291.7 7.0 78.3 40.9 3.0 

CV%  18.4 24.7 16.4 1.06 4.39 0.7 

LSD (5%)  10.46 205.14 1.18 1.06 2.47 0.03 

Table 1. Continued. 

Varieties Treatment 
2017 

Trs AUDPC Yield (t ha-1) HLW (Kg/hl) TKW (g) Seed Size (mm) 

Ude (MS) 
No spray 25 286.7 5.3 72.4 40.7 2.9 

sprayed 7.3 80 7.7 79.1 52.3 3.2 

Denbi (S) 
No spray 26.7 228.3 6.3 72.5 35.7 2.7 

sprayed 18.3 135 8.0 79.9 46.3 3.0 

Hitosa (S) 
No spray 30 250 5.3 73.6 37.7 2.8 

Sprayed 8.3 86.67 7.0 79.5 44.8 3.1 

CV%  48.12 49.70 14.08 3.39 13.35 0.2 

LSD (5%)  12.81 86.07 0.25 2.62 5.67 0.01 

Trs= Terminal rust severity; HLW=Hectolitre weight; TKW= Thousand kernel weight; AUDPC= Area under disease progress curve 

3.3. Chemical Quality Parameters 

3.3.1. Total Grain Protein Content 

During 2016 cropping season, total grain protein content 

on untreated plots ranged between 15 to 15.7% on 

susceptible varieties (Denbi and Hitosa), 14.5% on 

moderately susceptible variety (Ude) (Table 2). [9] reported 

that stripe rust increased grain protein content due to the 

shrivelling of the kernels. On the other hand, on treated plots 

it varied from 12.9 and 13.43% on susceptible varieties, 

13.5% on moderately susceptible variety. 

During the off-season, the grain protein content on 

untreated plots varied from 14.67 to 14.9% on susceptible 

varieties and 14.5% on moderately susceptible variety. [10] 

also reported the increment of protein content due to the 

effect of leaf rust. During the same year grain protein content 

on treated plots ranged from 12.93 to 13.53% on susceptible 

varieties, 12.83% on moderately susceptible variety (Table 

2). 

3.3.2. Ash Content 

Ash content on untreated plots during 2016 cropping 

season ranged from 1.44 to 1.8% on susceptible varieties, 

1.77% on moderately susceptible variety. During this 

cropping season, ash content on treated plots varied from 

1.89 to 1.94% on susceptible varieties and 1.92% on 

moderately susceptible variety (Ude). 

On the other hand, during 2017 cropping season the ash 

content on untreated plots ranged between 1.38 to 1.55% on 

susceptible varieties and 1.62% on moderately susceptible 

variety. During 2017 planting season ash content on treated 

plots varied from 1.84 to 1.88% on susceptible varieties and 

1.84% on moderately susceptible variety (Table 2). Durum 

wheat varieties usually contain 1.6 to 2.3% ash db [3]. 

3.3.3. Grain Gluten Content 

The grain gluten content during 2016 cropping season for 

untreated plots varied from 24.7 and 28.9% on Denbi and 

Hitosa and 24.5% on Ude variety. On the other hand, grain 

gluten content for treated plots during 2016 cropping season 

ranged between 32.93 and 35.67% on susceptible varieties, 

32.53% on moderately susceptible variety. 

During 2017 planting season, the grain gluten content on 

untreated plots ranged from 23.5 and 24.8% on susceptible 

varieties and also 25.7% on moderately susceptible variety. 

During the same year grain gluten content on treated plots 

ranged from 29.7 and 31.7% on susceptible varieties, 29.8% 

on moderately susceptible variety (Table 2). [5] reported a 

highly significant positive correlation between gluten content 

and total protein content in hard bread wheat cultivars (r = 

0.98). 

Table 2. The effect of variety and Tilt application on chemical quality traits of durum wheat varieties during 2017 and 2016 planting seasons at Debre Zeit. 

Varieties Treatment 

2017 2016 

Terminal 
Protein (%) Ash (%) Gluten (%) 

Terminal 
Protein (%) Ash (%) Gluten (%) 

Severity AUDPC Severity AUDPC 

Ude (MS) 
No spray 25 286.7 14.53 1.62 25.67 66.7 991.7 14.4 1.77 24.5 

Sprayed 7.3 80 12.83 1.84 29.77 30 500 13.5 1.92 32.53 

Denbi (S) 
No spray 26.7 228.33 14.9 1.38 23.47 63.3 866.7 15.7 1.44 24.73 

Sprayed 10.3 135 13.5 1.88 29.67 20 366.7 12.9 1.9 30.53 
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Varieties Treatment 

2017 2016 

Terminal 
Protein (%) Ash (%) Gluten (%) 

Terminal 
Protein (%) Ash (%) Gluten (%) 

Severity AUDPC Severity AUDPC 

 No spray 30 250 14.5 1.55 25.67 63.3 783.3 15 1.55 28.9 

Hitosa (S) Sprayed 8.3 86.67 12.93 1.84 31.7 16.7 291.7 13.4 1.86 33.43 

CV (%) 48.12 49.70 3.9 12.25 4.7 18.4 24.7 7.5 10.5 5.9 

LSD (0.05) 12.81 86.07 0.31 0.31 0.79 10.46 205.4 1.7 0.3 2.9 

LSD (5%) = Least Significant Different; CV= Coefficient of Variation; MS= Moderately Susceptible; S =Susceptible 

3.4. Correlation Between Final Rust Severity, Yield and 

Quality Parameters 

Correlation analysis among final stem rust severity, yield 

and quality parameters revealed the negative impact stem rust 

may have on durum wheat quantitative and qualitative yield 

except for grain protein content, which was positively 

influenced by stem rust disease during both cropping seasons 

(Tables 3 and 4). 

Grain yield was negatively correlated with all of the three 

disease parameters (terminal severity, average coefficient of 

infection and AUDPC) but the correlation was significant 

only during 2016 cropping season. [9] reported that yield was 

correlated strongly with area under disease progress curve. 

This might be due to unfavourable environmental conditions 

for the development of stem rust during the off-season. 

Table 3. Correlation coefficient between final stem rust severity, yield and quality traits of durum wheat during 2016 cropping season at Debre Zeit. 

 Frs Yield HLW TKW G p Ash GC S Size 

Frs        

Yield -0.41***       

HLW -0.49*** 0.87***      

TKW -0.72 0.18 0.20     

G p 0.31** -0.35** -0.36*** 0.04-    

Ash -0.19 0.28* 0.39*** 0.24* -0.19   

G C -0.37*** 0.62*** 0.63*** 0.23* -0.23* 0.27*  

S_Size -0.81*** 0.16 0.19 0.89*** -0.24* 0.09 0.21 

Frs= Final rust severity; HLW=hectolitre weight; TKW= thousand kernel weight; G. P = protein content; G. C= gluten content; S. Size = seed size *, **, *** 

correlation coefficient 

Table 4. Correlation coefficient between final stem rust severity, yield and quality traits of durum wheat during 2017 cropping season. 

 Frs Yield HLW TKW G__p Ash G_C S. S 

Frs         

Yield -0.26*        

HLW -0.37** 0.33**       

TKW -0.72*** 0.11 0.18      

G__p 0.39*** -0.25* -0.16 -0.32**     

Ash 0.03 -0.21 -0.03 0.05 -0.01    

G_C -0.39*** -0.01 0.22 0.23* -0.16 -0.10   

S_Size -0.81*** 0.15 0.25* 0.89*** -0.33** 0.10 0.21  

Frs= Final rust severity; HLW=hectoliter weight; TKW= thousand kernel weight; G. C = protein content; G. C= gluten content; S. S= seed size *, **, *** 

Correlation coefficient 

4. Conclusion 

Stem rust disease resulted in significant reduction in 

hectolitre weight (HLW), thousand kernel weight (TKW), 

kernel size and yield during both cropping years when left 

untreated. The disease also significantly reduced processing 

quality parameters when unchecked. However, Tilt 

application significantly reduced terminal stem rust severity 

and there by significantly improved grain yield and quality of 

durum wheat. 

The current study also revealed highly negative 

correlation of final stem rust severity with physical and 

chemical quality traits except for grain protein contents, 

which showed a highly significantly (r=0.31** and 

r=0.39*** ) positive correlation with final stem rust 

severity during the years of 2016 and 2017, respectively. 

Overall results of the correlation analyses suggest strong 

negative relationship between stem rust and durum wheat 

kernel weight and grain quality that may have a negative 

effect on marketability of the grain. 

Current results not only demonstrated the negative impact 

of stem rust on grain yield and quality parameters of durum 

wheat, but also the role of fungicide application which reduce 

stem rust severity and hence it was possible to improve grain 

yield, physical and chemical quality of the produce. 

The results confirmed the economic importance of stem 

rust to food industry for its effect on grain yield, physical and 

processing quality of durum wheat in Ethiopia. 
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