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A B S T R A C T 

Identification of sources of resistance and their incorporation in crop germplasm is the most effective 

method for disease management. Therefore, present work has been conducted to find out resistance in 

thirty two (32) wheat genotypes against leaf rust during wheat season 2015-2016 and 2016-2017. The 
results of the study revealed significant variation among these genotypes against leaf rust in both 

seasons. In 2015-16 wheat season genotypes C217 and C228 were free of leaf rust, T11, T12, T16 and 

T18 were found resistant and T1, T2 and T19 showed moderately resistant reaction. Maximum leaf rust 
severity of 50S has been noticed on T14. In 2016-17 normal sowing trial, less rust development has 

been observed on all genotypes due to late appearance of disease. While in late sowing trial, seventeen 

genotypes have been found susceptible with maximum rust severity of 60S on T20. Twelve are rated 
moderately susceptible to susceptible. While the genotypes T1and T2 showed moderately resistant -

moderately susceptible reaction against the disease in late sowing trial. Among thirty two genotypes, 

T16 has been found free of leaf rust in both trials. Thus the potential of T1, T2 and T16 as source of 
resistance against leaf rust can be investigated further. These results can be used in wheat breeding 

program to incorporate leaf rust resistance in wheat genotypes. 

 

1. Introduction 

Wheat (Triticum aestivum L.) is an important crop in 

Pakistan. It is a major source of nutritional requirements for 

masses in the country. However, its average yield per unit 

area in Pakistan is not up to its potential. It is cultivated as 

rain fed and irrigated crop throughout the country. 

Sufficient availability of moisture in rain fed conditions 

results in better wheat production. Apart from water 

scarcity, proper sowing time and the use of good quality 

inputs can assist in achieving the potential yield in wheat 

[1]. The current fluctuations in environment have 

threatened its production. These climatic changes have 

resulted in the emergence of new pathotypes of crop 

diseases [2]. Consequently changes have been observed in 

the virulence of wheat rusts throughout the world [3]. In 

Pakistan virulence for a number of leaf rust resistance 

sources is present [4-5].The proliferation of these virulence 

challenges the local wheat production. Ultimately yield, 

quality and market price of wheat is reduced [6]. During the 

wheat season, presence of suitable environmental 

conditions favors the outbreak of leaf rust and build up its 

inoculum [7-8]. Under such circumstances, cultivation of 

resistant varieties is the best option against this disease 

particularly for the underdeveloped countries where use of 

chemical fungicides not only increases the production costs 

but also become a serious concern for environment. 

Availability of good quality resistant wheat varieties can 

play a vital role in sustainable farm production. For this 

purpose a number of resistant genes have been deployed in 

wheat germplasm which proved very useful against leaf 

rust in different environmental conditions. However, their 

effectiveness depends upon the prevailing races of Puccinia 

recondita. Surveillance and field screening of wheat 

material is a key to determine the role and performance of 

existing sources of leaf rust resistance in the field [9-12]. In 

Pakistan wheat is grown throughout the country in different 

ecological conditions. Therefore, the presence of wheat 

rusts is also related to the geographical conditions of the 

area. Tariq et al. [13] reported variations in leaf rust 

virulence. The leaf rust resistance in local wheat varieties in 

Pakistan is due to the presence of Lr3, Lr10, Lr13, Lr14a, 

Lr23, Lr26, Lr27, Lr31 and Lr34 genes [14]. Wheat is 

major crop in Sindh province and is subjected to the attack 

of wheat rusts. Therefore, current study has been planned to 

screen wheat genotypes against leaf rust in the field 

conditions of Tandojam during 2015-16 and 2016-17. This 

preliminary screening will help to find their resistance 

potential against this disease. The new sources of resistance 

can be helpful in strengthening the leaf rust resistance 

program. 

Similarly their deployment in wheat cultivars, with 

desirable agronomic traits, can limit the risk of leaf rust 

outbreak [15]. Such approaches not only improve the farm 

yield but also contribute in sustainable crop production in 

the country. 

2. Materials and Methods 

The experiment was conducted in wheat season 2015-16 

and 2016-17 at the experimental farm of Nuclear Institute 

of Agriculture, Tandojam. The trial was conducted in 

normal sowing (November) in 2015-16 and 2016-17. In 

order to avoid the disease escape and late sowing 

(December) trial was also conducted in 2016-17. Thirty two 

(32) genotypes  of  wheat  were  evaluated  against  leaf rust 
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Table 1:    Scale for measuring the host reaction against leaf rust. 

Host reaction Field response Response value 

 0 No visible infection 0 

 R Necrotic areas with or without minute uredia 0.2 

 R- MR Necrotic areas with or without minute uredia with necrotic areas 0.3 

 MR Small uredia present surrounded by necrotic area 0.4 

 MR-MS Small uredia surrounded by necrotic areas as well as medium uredia with no necrosis but distinct chlorosis 0.6 

MS Medium uredia with no necrosis but possible some distinct chlorosis 0.8 

MS-S Medium uredia with no necrosis but possible some distinct chlorosis as well as large uredia with little or chlorosis 
present 

0.9 

S Large uredia and little or no chlorosis present 1.0 

(0) = No disease,  (R) =Resistant,    (R- MR) = Resistant – Moderately resistant, (MR) = moderately resistant,  

(MR-MS) = Moderately resistant- Moderately susceptible,  (MS) = Moderately susceptible  
(MS-S) = Moderately susceptible - Susceptible,    (S) = Susceptible    

under the natural environmental conditions. Each entry was 

sown in six (6) square meter plot with four rows of five 

meter length. The row to row distance was maintained at 

30 cm. The susceptible check morocco was planted all 

around the experimental area and repeated after every 10
th

 

entry for the rapid multiplication and spread of disease in 

the experimental plot. For the vigorous growth of test 

entries agronomic practices like irrigation, fertilizer and 

weeding were applied at their recommended rates. The 

experimental area was irrigated regularly to provide humid 

conditions for rust development. On the appearance of leaf 

rust, observations were made on daily basis to witness the 

spread of disease in the entire plot. As the susceptible 

variety morocco showed the highest disease reaction (90S) 

against leaf rust, data regarding the disease severity and 

genotype response in the field was recorded following the 

modified Cobb scale [16]. Rust severity was measured as 

the percent leaf area infected with leaf rust pustules and 

genotypes response was recorded following Roelfs et al. 

[17]. All the tested genotypes were grouped in various 

categories depending up on the final rust reaction at 

physiological maturity of crop. Coefficient of infection (CI) 

for each entry was calculated according to [18-19] by 

multiplying the response value of each reaction with final 

rust severity (Table 1). 

3. Results and Discussion 

The field response of test entries against leaf rust in this 

study has been summarized in Tables 2 and 3. All the tested 

genotypes    exhibited    significant   variation   against   the 
 

Table 2:    Field response of wheat genotypes against leaf rust during 2015-16. 

Genotype Response Genotypes Range of CI 

No disease C217, C228 0 

Resistant T11, T12, T16, T18 1-2 

Resistant -Moderately resistant - - 

Moderately resistant T1, T2, T19 0.4-0.4 

Moderately resistant-Moderately susceptible T4, T17, T20, T23(R), C273, C580, C591 3-6 

Moderately susceptible C271 0.8 

Moderately susceptible- Susceptible T3, T24, T25 4.5-9 

Susceptible T5, T6, T7, T8, T9, T10, T13, T14, T15, T21, T22, T23(W) 10-50 

Table 3:    Field response of normal and late sown wheat genotypes against leaf rust during 2016-17. 

Genotype response  Genotypes (2016-17)  November sowing CI Genotypes (2016-17) December sowing CI 

No disease T4, T10, T11, T12, T16 0 T16 0 

Resistant - - - - 

Resistant-Moderately resistant - - - - 

Moderately resistant T1, T2, T3, T17, T22, T23(W), T25, C271 2-4 - - 

Moderately resistant –Moderately-

susceptible 

T5, T6, T7, T8, T9, T18, T23(R), T24, 

C591  

3-6 T1, T2 6-12 

Moderately susceptible T19, C228 6-12 - - 

Moderately susceptible-susceptible T13, T14, T15, T20, T21, C217 C273, 

C580 

9-18 T3, T4, T5, T6, T7, T9, T15, T25, C271, 

C273, C217, C228 

18-36 

Susceptible - - T8, T10, T11, T12, T13, T14, T17, T18, 
T19, T20, T21, T22, T23(R), T23(W), 

T24, C580, C591 

20-60 
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prevalent leaf rust inoculum in the area. The genotypes 

C217 and C228 showed no disease symptoms during 

2015-16 normal sowing trial, while during 2016-17 late 

sowing trial these showed moderately susceptible (MS) 

reaction. This response can be attributed to the changes in 

virulence spectrum of the leaf rust pathogen. The response 

of T1 and T2 genotypes was acceptable in both wheat 

seasons. Both genotypes exhibited moderately resistant 

(MR) and moderately resistant- moderately susceptible 

(MRMS) type of pustules which is comparatively less than 

the 90S intensity of leaf rust on susceptible check. Our 

results further illustrate that the genotype T16 showed 

better performance among all tested wheat genotypes 

against leaf rust in both seasons. During 2015-16 trial it 

produced resistant reaction (10R) while during 2016-17 

seasons it was free of leaf rust. It can be assumed from the 

response of T1, T2 and T16 that the genotype T16 may 

possess a vertical resistance while the other two genotypes 

T1 and T2 may possess horizontal resistance. The 

coefficient of infection in all these lines is less than the 

other genotypes used in this experiment. However, their 

exact potential of resistance and its mechanism can be 

confirmed with the latest molecular approaches. On the 

basis of phenotypic reaction against leaf rust, Hussain et al. 

[20] have characterized and selected better performing 

wheat genotypes. While Hussain et al. [21] have identified 

Lr10 gene in wheat varieties of Pakistan. The genotypes 

T11, T12, T18 and T19 performed better in less disease 

pressure in both years but in late sown trial and under heavy 

disease pressure these genotypes were found susceptible. 

The results suggest variability in the prevailing inoculum of 

Puccinia recondita in the area. Kolmer et al. [22] have 

observed that the climatic conditions of the area, genetics of 

host plants and their growth stages play a significant role in 

the expression of disease resistance. Due to the late 

appearance of leaf rust, normal sown trial of 2016-17 

suggests a disease escape and the response of wheat 

genotypes was variable. But in late sown trial incidence and 

severity of leaf rust was high (90S on spreader lines) which 

provided a complete reaction of all tested genotypes against 

leaf rust (Table 4). Most of the genotypes under the high 

disease pressure favored the leaf rust development 

indicating lack of resistance. Singh et al. [23] have reported 

a number of APR genes which limit wheat rusts in 

epidemic conditions. The wheat material with such 

combinations of resistance genes persist longer in the field 

[24]. Apart from T1, T2 and T16, twelve genotypes 

produced MSS reaction and other seventeen genotypes 

exhibited a susceptible reaction in 2016-17 late sowing 

trials. On these lines leaf rust pustules were healthy, with 

more mass of urediospores. Similarly no chlorosis and 

necrosis was found around the pustules. Subsequently the 

values of coefficient of infection were higher. The 

susceptible reactions are not only the source of rust 

proliferation but also affect the yield and quality in wheat 

[6, 17, 25]. More  than 40%  losses in kernel  weight  due to 

Table 4: Terminal reaction of each genotype against leaf rust at Tandojam. 

Genotype Rust reaction 

(25-02-2016) 

Rust  reaction 

(21-2-2017) 

Rust reaction 

(27-03-2017) 

T1 5MR TMR 10MRMS 

T2 TMR 5MR 20MRMS 

T3 10MSS 10MR 10MSS 

T4 5MRMS 0 10MSS 

T5 30S 5MRMS 40MSS 

T6 40S 10MRMS 20MSS 

T7 30S 10MRMS 20MSS 

T8 30S 5MRMS 40S 

T9 30S 5MRMS 40MSS 

T10 10S 0 40S 

T11 5R 0 40S 

T12 5R 0 40S 

T13 20S 10MSS 40S 

T14 50S 20MSS 20S 

T15 40S 10MSS 40MSS 

T16 10R 0 0 

T17 10MRMS 5MR 40S 

T18 5R 5MRMS 40S 

T19 10MR 10MS 40S 

T20 10MRMS 5MSS 60S 

T21 20S 10MSS 40S 

T22 30S 5MR 40S 

T23(R) 10MRMS 10MRMS 40S 

T23(W) 30S 5MR 20S  

T24 5MSS 5MRMS 40S 

T25 5MSS 5MR 30MSS 

C217 0 5MSS 20MSS 

C228 0 TMS 20MSS 

C271 TMS 5MR 30MSS 

C273 5MRMS 5MSS 20MSS 

C580 10MRMS 5MSS 40S 

C591 5MRMS 10MRMS 20S 

Morroco 90S 40 S 90S 

 

leaf rust in wheat have been reported by Bajwa et al. [26]. 

Thus the loss of resistance affects the overall yield [27]. 

The environmental conditions (Tables 5 and 6) in this area 

favor the development and sporulation of the pathogen, 

under such circumstances, the use of leaf rust resistant 

wheat material is the only choice to overcome this problem. 

McIntosh et al. [28] have catalogued 60 leaf rust resistant 

genes which have been deployed in various wheat cultivars 

all across the globe [28]. However, changes in pathogen 

population at times often overcome the effectiveness of 

these genes in wheat [29]. Majority of these genes is race 

specific [30]. Positive co-relation has been observed 

between adult plant resistance and the race specific genes; 

as APR results in better performance of these genes [31]. 
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Table 5:    Agro-climatic conditions of Tandojam during 2015-16 Rabi season. 

Month  Rainfall (mm) 
Temperature (⁰C) 

Relative Humidity (%) 
min max 

November 2015      0 14.5 30.3 48 

December 2015      0 8.3 25.5 58 

January 2016      0 10.3 25.4 59 

February 2016      0 9.2 28.4 44 

March 2016      0 17.1 34.1 47 

April 2016      0 20.2 42 48 

Source:    Regional agro Met Centre Tandojam 

Table 6:    Agro-climatic conditions of Tandojam during 2016-17 Rabi season. 

Month 
Rainfall 

(mm) 

Temperature (⁰C) 
Relative humidity (%) 

min max 

November 2016 0 12.9 32.6 52 

December 2016 0 11.2 28.5 56 

January 2017 0.6 7.3 22.1 61 

February 2017 0 10 28.2 49 

March 2017 0 14.5 34.4 47 

April 2017 0 19.9 40.2 42 

   Source:   Regional Agro Met Centre Tandojam 
 

The present results suggest that only one genotype T16 

performed better among all other genotypes. Similarly the 

response of genotypes T1 and T2 in the current study were 

very effective. These three genotypes can be a good source 

of resistance against prevailing races of leaf rust. Their 

potential as a source of resistance can be fruitful for 

breeding programs. The appearance of a new leaf rust race 

in Pakistan during 2011-12 has resulted in the breakdown 

of resistance in major local wheat cultivars [14]. It is 

imperative to exploit the potential of these genotypes in the 

breeding program. Park et al. [32] have mapped seedling 

resistance gene in wheat as a valuable source of resistance 

against leaf rust. Sohail et al. [14] have suggested the use of 

new combinations of resistant genes along with the existing 

one to have better alternates.  From the above discussion it 

can be concluded that under low disease pressure screening 

data may not be fruitful. A variable response of all 

genotypes was evident in the field conditions of Tandojam 

under low and high leaf rust intensity. The present data 

showed that out of 32 genotypes, T16 along with T1 and T2 

were found resistant. These genotypes with their agronomic 

compatibility can be a good source of leaf rust resistance in 

the area. The findings of Singh [33] revealed that the 

interaction of Lr34 and some minor genes resulted in 

durable resistance in wheat which proved very effective 

in adult plant stages. Their potential can be exploited 

through the conventional and advanced breeding techniques 

which can be incorporated in the upcoming wheat lines to 

ensure leaf rust free wheat production in the area. 

4.  Conclusion 

From the present results, it is concluded that out of 

thirty two wheat genotypes only T16 performed best under 

high disease intensity; whereas, T1 showed MRMS and T2 

showed MR reaction against leaf rust. While the remaining 

twenty nine genotypes exhibited MSS and susceptible 

reaction. The potential of T1, T2 and T16 in particular can 

be exploited as a source of leaf rust resistance. Such sources 

along with desirable agronomic traits will be very effective 

in disease free wheat production. This will also help to 

overcome leaf rust problem in the area. 
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