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ABSTRACT: Wheat leaf rust disease, caused by Puccinia triticina f. sp. tritici, is one of the 
most important wheat diseases in Egypt and worldwide. In the present study, Four 
epidemiological parameters; final rust severity (%), area under disease progress curve 
(AUDPC), relative area under disease progress curve (rAUDPC) and rate of disease increase 
(r-value) and technical properties were estimated for seven Egyptian bread wheat cultivars. The 
highest percentages of final rust severity (FRS), the highest values of area under disease 
progress curve (AUDPC), the highest values of relative area under disease progress curve 
(rAUDPC) and the highest rates of disease increase (r-value) were recorded with the cvs.; 
Gemmeiza-7, Gemmeiza-11 and Sids-1 during 2014115 and 2015116 growing seasons. 
Accordingly, they recorded high loss (%) in 1000 kernel weight, yieldlfeddan and Egyptian 
pound (LE). There were a positive relations between the four parameters under study and loss 
(%) of yieldlfeddan, where the relation between FRS (%) and Joss (%) of yieldlfeddan was the 
strongest (R2 = 0.994). Therefore, the loss (%) of yieldlfeddan could be predicted from FRS 
(%). Whereas, there were negative relations between FRS (%) and each of 1000 kernel weight 
and yiefdlfeddan of the infected wheat cultivars during the two successive seasons. As for, the 
physical properties, the protected plots of wheat cultivars under study recorded the highest 
values in the hectoliter and flour extraction comparing to the infected plots of the same cuttivars. 
On the other hand, protein and ash contents increased in the flour of infected wheat cu/tivars 
compared with the flour of the same protected ones. Also, farinograph parameters of dough 
improved slightly for infected cultivars, where values of water absorption and stability time 
showed little increase, compared with "the same protected wheat cu/tivars. Accordingly, baking . 
quality and sensory of balady bread made from the flour of protected and infected wheat 
cultivars were slightly increased in layers separation, crumb texture and ~dor bread. Thus, it 
could be concluded that the leaf rust infection, negatively affected both grain quality and 
quantity of wheat cultivars under study. 

Key words: Wheat, Puccinia triticina, AUDPC, yield losses, physical properties, chemical 
composition, farinograph parameters, baking quality. 

INTRODUCTION 
Wheat (Triticum aestivum L.}, more than 

other cereals, can be expected to assume 
increasingly greater importance as a source 
of protein for much of the world's increasing 
population (EI sayed et at., 2007). Even 
today, wheat provides more nourishment for 
more people than does any other food 
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source. There are many principle biotic or 
abiotic factors affecting the yield of wheat 
crops. The plant fungi are the major biotic 
stress in reducing the crop yield of wheat 
cultivars (Bockus et at., 2010). Wheat leaf 
rust (Puccinia triticina) as a serious foliar 
disease affecting wheat production, causing 
great losses in grain yield and affecting grain 
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quality. Therefore, it has been considered 
the main biotic factor that causes not only 
the high reduction in grain yield, but also it 
causes a considerable effect on grain quality 
of the susceptible cultivars (EI-Daoudi eta/., 
1984, Dyck and Lukow 1988 and Mobarak 
et a/., 201 0). Under the Egyptian field 
conditions, leaf rust appears annually on 
wheat cultivars and causes annual losses in 
grain yield. Several epidemics of leaf rust on 
wheat crop have been reported in the past 
and this disease is continues to be a major 
threat to future wheat production. Nazim et 
a/. (1983) reported that the losses in grain 
yield of the susceptible varieties might be 
exceeded up to 23% in case of an early 
onset of leaf rust. While, in Canada, Kolmer 
(2001) mentioned that the losses due to leaf 
rust were usually reached to 5%-25% 
depending on the growth stage of the wheat 
plants at the time of infection and the 
susceptibility of the wheat cultivar. Duveiller 
et a/. (2007) showed that the yield losses 
reached 4% annually due to leaf rust. As for 
grain quality, leaf rust reduced the 
percentage of flour yield and had no other 
adverse effects on the milling and baking 
quality (Peturson et a/., 1945). Drijepondt et 
a/. (1990) stated that leaf rust infection to the 
susceptible wheat cv. Thatcher, reduced the 
total grain yield/plot by 25.4% and" 1000 
kernel weight by 15.6%. Also, Thatcher was 
the highest in the flour protein content but 
inferior milling, dough development and 
backing properties. Thus, the ~hallenge now 
is to produce higher-yielding wheat cultivars 
with good technological quality, and high 
level of resistance or tolerance to a wide 
range of biotic and abiotic stresses. 

Accordingly, the wheat leaf rust can 
create serious disease due to its 
appearance and prolonged season for its 
development. Therefore, the best 
management to control the leaf rust disease 
is to select the available germplasms 
against leaf rust infection that showed an 
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adequate level of resistance. This study was 
carried out to estimate yield losses induced 
by this disease and to study its effect on 
grain quality to avoid the future cultivation of 
cultivars suffering huge yield losses. 
Furthermore, this study also aimed to help 
staff of wheat breeding program to select 
wheat cultivars, characterized by high level 
of leaf rust resistance, high grain yield 
components and good technological 
properties. 

MATERIALS AND METHODS 
1. Pathological studies 

The present work was carried out at 
Nubaria Agricultural Research Station, 
during the growing seasons 2014/2015 and 
2015/2016, using 7 Egyptian commercial 
wheat cultivars i.e. Gemmeiza-7, 
Gemmeiza-9, Gemmeiza-1 0, Gemmeiza-11, 
Sids-1, Sids-12 and Sids-13. 

Split plot design with 3 replicates was 
proposed for this experiment, as the main 
plots included the tested cultivars. While, the 
sub-plots were represented by the infected 
and protected treatments. The experimental 
unit included 15 rows with 7m. long and 
30cm. apart. Plot size measured 7x6 = 42 
m2 (1/100 feddan). The experiment was 
surrounded by a border of highly susceptible 
wheat varieties i.e. Morocco and Thatcher 
as a spreader. 

Each cultivar was sown under protected 
conditions by the application of 3 foliar 
sprays, starting from disease onset and 15 
days thereafter. The fungicide Sumi-8 was 
used in this regard with a rate of 35cm3/1 OOL 
water. On the other hand, the infected plots 
were left for natural infection. In addition, the 
spreader area was artificially inoculated with 
a mixture of physiological races during the 
late tillering and late elongation stages. 

Disease severity (%) was recorded four 
times, 10 days interval, during the growing 
season, expressed as percentage coverage 
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of leaves with rust pustules according to the 
method adopted by Peterson et a/. (1948). 
Rust reaction was expressed in five infection 
types (Stakman et a/., 1962), i.e. Immune 
(0), resistant (R), moderately resistant (MR), 
moderately susceptible (MS) and 
susceptible (S). The obtained data served in 
the determination of the final rust severity 
(FRS %), as outlined by Das et a/. (1993), 
area under disease progress curve 
(AUDPC) according to Pandey eta/. (1989) 
and rate of disease increase (r-value) 
according to Van der Plank (1963). Relative 
area under disease progress curve 
(rAUDPC) was estimated according to Milus 
and Line (1986). 

Yield parameters expressed as 1 000 
kernel weight (g) and grain yield/feddan 
(ardab) were recorded. Loss (%) for each 
cultivar was estimated according the 
equation of Calpouzos eta/. ( 1976). 

Loss(%)= (1-Yd I Yh) x 100 
Where: 

Yd =yield of infected or diseased plot. 
Yh = yield of protected plot. 

Correlation and regression coefficient 
"SPSS Regression Modeling" were used to 
determine the following relationships:-

a. Relationship between FRS (%).,AUDPC, 
rAUDPC, r-value and loss (%) of 
yield/fed dan. 

b. Relationship between loss (%) in 1000 
kernel weight and loss (%) in 
yield/feddan. 

c. Relationship between FRS (%) and each 
of 1000 kernel weight and yield/feddan of 
the infected wheat cultivars. 

2. Financial part of the study: 
Data of yield/feddan were converted to 

kg/feddan by multiplying the yield/plot in 
4200 m2 (feddan area) and divided by 42 
(plot size = 7><6) to obtain the yield of 
kg/feddan after that divided by 150 to obtain 
the . number of ardabs/feddan. Total 
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production value of wheat grain either 
protected or infected yield for each cultivar 
was determined and multiplied in the price, 
since the price of ardab (150 kg) = 420 LE. 
After that, Egyptian pound loss (LE) was 
estimated by subtracting protected value 
(LE) from infected one (LE) (Abu EI-Naga et 
a!., 1997). 

3. Physical properties of grains 
Hectoliter of each wheat cultivar was 

determined as described by OGGG (2008). 

3.1. Milling of different Egyptian 
wheat cultivars 

Egyptian wheat cultivars were cleaned 
and conditioned at approximately 15% 
moisture content. The conditioned wheat 
cultivars were milled using Qudrumat Senior 
Laboratory Mill according to AACC (2002). 

3.2. Wet and dry gluten 
.~ 

Wet and dry gluten percentages were 
measured according to AOAC (2005). 

3.3. Colour characteristics 
The colour of the flour from different 

treatments after milling were measured 
instrumentally using a hand-held 
Chromameter (model CR-400, Konica 
Minolta, Japan). The results were expressed 
in terms of: L * (lightness), a* (redness­
greenness) and b* (yellowness-blueness). · 

3.4. Rheological properties 
(Farinograph test) 

Farinograph test was carried out 
according to the method described in the 
AAGC (2002) using farinograph set 
(Brabender Farinograph Germany HZ 50 
type 877563) to determine the percent of 
water absorption of dough, arrival time of 
dough, dough development time, dough 
stability time and weakening of dough. 

4. Chemical composition 
Moisture, crude protein, ash and ether 

extract of wheat flour were determined by 
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the standard procedures described in the 
AOAC (2005). Total carbohydrates were 
calculated according to the following 
equation:-

Total carbohydrates = 100 - (crude 
protein % + crude fat % + ash % + crude 
fiber%). 

5. Preparation of balady bread 
Balady bread from the flour of different 

wheat cultivars was prepared according to 
the method of Sallam et a/. (1995), in the 
experimental bakery of Food Technology 
Research Institute, ARC, Giza, Egypt. 

6. Sensory evaluation of bread 
Bread quality attributes were evaluated 

after cooling for crust and crumb according 
the following score in scale; Appearance 
(15), layers separation (15), crumb texture 
(15), crust colour (15), taste (20}, odor (20) 
and the overall acceptability (100) were 
determined according to Faridi and 
Rubenthaler (1984), with some 
modifications. Sensory characteristics were 
judged by ten panelists from the staff 
members of the Food Technology Research 
Institute, Agricultural Research Center, 
Giza, Egypt. 

7. Statistical analysis " 
Data were statistically analyzed by the 

variance and least significant difference 
(L.S.D) at 5% levels, according to the 
method described by McClave and Benson 
(1991). 

RESULTS AND DISCUSSION 
Field reaction of leaf rust (Puccinia 

triticina) on 7 wheat cultivars was recorded 
as disease severity (%), starting from the 
first rust appearance in each cultivar until 
dough stage. Four epidemiological 
parameters; final rust severity (%), area 
under disease progress curve (AUDPC), 
relative area under disease progress curve 
(rAUDPC) and rate of disease increase (r-
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value) were estimated during the two 
growing seasons of the study. In season 
2014/2015, the obtained results showed that 
wheat cvs. Gemmeiza-7, Gemmeiza-11 and 
Sids-1 exhibited high percentages of final 
rust severity, high values of area under 
disease progress curve, high values of 
relative area under disease progress curve 
(rAUDPC) and high rates of disease 
increase (r-value). These data were (73.33 
%, 1250, 100.00 and 0.119), (60.00 %, 
1000, 80.00 and 0.101) and (50.00 %, 850, 
68.00 and 0.087) for the above three cvs., 
respectively. Whereas, the cvs. Sids-13, 
Gemmeiza-10, Sids-12 and Gemmeiza-9 
exhibited low final rust severity (%), low 
values of AUDPC, low values of rAUDPC 
and low rates of disease increase i.e. (4.33 
%, 75, 6.00 and 0.008), (5.00 %, 107, 8.56 
and 0.025), (6.00 %, 122, 9.76 and 0.042) 
and (8.33 %, 142, 11.36 and 0.05), 
respectively (Table 1 and Fig. 1). In s~son 
2015/2016, the results were parallel to those 
obtained in the previous season (Table 1 
and Fig. 1 ). These results were previously 
supported by the findings of Nazim et a/. 
(1983) and Nazim eta/. (1990) whom found 
that Giza-155, Giza-157, Giza-164 and 
Sakha-61 were slightly rusted, showing 
lower leaf rust severity (%), under field 
conditions in Egypt. In this respect, Das et 
a/. (1993) reported that the effective 
selection for partially resistant genotypes 
can be practiced in the field, based on the. 
final rust severity (FRS %), where there was 
high correlation between FRS (%) and the 
parameters used in this 'study. 

In the light of the present study and 
according to the previous reports, AUDPC is 
considered a most convenient and a good 
reliab'le estimator for indicating the amount 
of rust infection, occurred during an 
epidemic in the growing season and equally 
well measured the expression of leaf rust 
resistance. Furthermore, AUDPC is 
considered the result of all factors that 
influenced disease development, such as 
differences in environmental conditions, 
cultivars and population of the pathogen 
(Nazim eta/., 2001; Lal Ahamed eta/., 2004, 
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Singh et a/., 2005 and Boulet 2007). 
Therefore, it may be suggested that any 
cultivar showed AUDPC less than 300 
should be having partial resistance (PR) 

character under field conditions (Singh eta/., 
1991; Mcintosh, 1991; Knott and Yadan 
1993; Hussain et a/., 1996; Singh et a/., 
2004 and Ahmad eta/., 2010). 

Table (1). Final rust severity (FRS %), area under disease progress curve (AUDPC), 
relative area under disease progress curve (rAUDPC) and rate of disease 
increase (r-value) of seven Egyptian wheat cultivars during 2014/2015 and 
2015/16 growing seasons. 

Cultivar 

Gemmeiza-7 
Gemmeiza-9 
Gemmeiza-1 0 
Gemmeiza-11 
Sids-1 
Sids-12 
Sids-13 

LSDo.os 

so 

60 

40 

20 

0 

100 

so 

60 

4U 

20 

Season/Epidemiological parameters 
2014/2015 2015/2016 

FRS(%) AUDPC 

73.33 1250 
8.33 142 
5.00 107 

60.00 1000 
50.00 850 
6.00 122 
4.33 75 

4.93 4.76 

Final rust severity(%) 

rAUDPC 

rAUDPC r-value 

100.00 0.119 
11.36 0.05 
8.56 0.025 
80.00 0.101 
68.00 0.087 
9.76 0.042 
6.00 0.008 

3.62 0.007 
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FRS(%) 

80.00 
13.33 
6.66 
73.33 
63.33 
8.33 
5.00 

6.32 

AUDPC rAUDPC r-value 

1350 100.00 0.126 
152 11.33 0.05 
127 9.41 0.049 

1075 79.63 0.119 
925 68.52 0.112 
142 10.52 0.05 
85 6.30 O.J>25 

3.20 2.98 0.002 

AUDPC 

• 2014/2015 
• 2015/2016 

r-vallle · 

• 2014/2015 
•20:14/2015 

·1 •• 11 .2015/2016 •2015/2016 
0.1 

o.os II .. 
0 

Fig. (1). Final rust severity(%), area under disease progress curve (AUDPC), relative area 
under disease progress curve (rAUDPC) and rate of disease increase (r-value) 
of seven Egyptian wheat cultivars during 2014/2015 and 2015/16 growing 
seasons. 
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In season 2014/2015, the highest loss 
(%) of 1000 kernel weight (g) and 
yield/feddan (ardab) have been recorded 
with the highly susceptible cultivars 
Gemmeiza-7 (15.29 and 13.42%), 
Gemmeiza-11 (13.40 and 12.25%) and 
Sids-1 (12.76 and 10.52%), respectively. On 
the other hand, the cultivars i.e. Sids-13 
(1.39 and 2.17%), Gemmeiza-10 (1.86 and 
2.61%), Sids-12 (2.12 and 3.03%) and 
Gemmeiza-9 (3.26 and 3.21%) exhibited the 
lowest loss (%) of 1000 kernel weight (g) 
and yield/feddan (ardab) (Table 2). 
Accordingly, the highest loss in Egyptian 
pound (LE) recorded with Gemmeiza-7 
(1020.6 LE}, Gemmeiza-11 (1121.4 LE} and 
Sids-1 (840.0 LE}, where they obtained high 
percentages of final rust severity, high 
values of area under disease progress 
curve, high values of relative area under 
disease progress curve and high rates of 
disease increase (Table 2). 

In season 2015/2016, the highest loss 
(%) of 1000 kernel weight (g) and 
yield/feddan (ardab) also recorded with the 
highly susceptible cultivars Gemmeiza-7 

(18.62 and 22.64%), Gemmeiza-11 (16.96 
and 18.60%) and Sids-1 (14.45 and 
16.43%). On the other hand, the lowest loss 
(%) of 1000 kernel weight (g) and 
yield/feddan (ardab) have been recorded 
with the partially resistant cultivars Sids-13 
(1.65 and 2.40%), Gemmeiza-10 (2.19 and 
2.85%), Sids-12 (2.47 and 3.60%), and 
Gemmeiza-9 (3.82 and 4.05%), respectively 
(Table 3). Therefore, the highest loss of LE 
recorded with Gemmeiza-7 (1696.8 LE), 
Gemmeiza-11 (1734.6 LE) and Sids-1 
(1214.8 LE) where each obtained high 
percentage of FRS (%), high value of 
AUDPC, high value of rAUDPC and high 
rate of disease increase (r-value). This loss 
may be due to the reduction of 
photosynthesis and collapse of metabolism 
as a result of disease infection. The previous 
reports of Putnik-Deli~. (2008) and Om~ra, 
(2013) suggested that growing the same 
cultivar for a long period of time, on a very 
large area in one region, in addition to the 
dynamics of pathogen evolution resulted in 
breakdown its resistance, hence causes 
high yield loss and affects its grain quality. 

Table (2). Loss (%) of 1000 kernel weight (g), grain yield/feddan (ardab) and Egyptian 
pound (LE) of seven Egyptian wheat cultivars due to leaf rust infection during 
2014/15 srowins season. 

1 000 kernel weight (g) Grain yield/feddan (ardab) Production (LE) 
Loss Cultivar Loss Loss (LE) Infected protected 

(%) 
Infected protected (%) Infected protected 

Gem.-7 36.00 42.50 15.29 15.67 18.10 13.42 6581.4 7602.0 1020.6 

Gem.-9 49.50 51.17 3.26 20.22 20.89 3.21 8492.4 8773.8 281.4 

Gem.-10 50.05 51.00 1.86 20.13 20.67 2.61 8454.6 8681.4 226.8 

Gem.-11 46.33 53.50 13.40 19.11 21.78 12.25 8026.2 9147.6 1121.4 

Sids-1 43.33 49.67 12.76 17.00 19.00 10.52 7140.0 7980.0 840.0 

Sids-12 54.00 55.17 2.12 22.07 22.76 3.03 9269.4 9559.2 289.8 

Sids-13 47.33 48.00 1.39 19.78 20.22 2.17 8307.6 8492.4 184.8 

LSDo.os 
Cultivars (C) 2.08 1.45 

Treatments (T) 1.32 0.47 

CxT 3.50 1.25 
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Table (3). Loss (%) of 1000 kernel weight (g), grain yield/feddan (ardab) and Egyptian 
pound (LE) of seven Egyptian wheat cultlvars due to leaf rust infection during 
2015/16 arowing season. 

1 000 kernel weight (g) Grain yield/feddan Production (LE) (ardab) 
Loss Cultivar (LE) 

Loss Loss Infected protected (%) Infected protected (%) Infected protected 

Gem.-7 39.33 48.33 18.62 13.80 

Gem.-9 48.50 50.43 3.82 18.44 

Gem.-10 51.67 52.83 2.19 21.80 

Gem.-11 44.92 54.10 16.96 18.07 

Sids-1 41.77 48.83 14.45 14.69 

Sids-12 52.83 54.17 2.47 21.14 

Sids-13 49.93 50.77 1.65 20.67 

LSDo.os 

Cultivars {C) 1.07 

Treatments (T) 0.57 

C•T 1.51 

Associations between each of FRS (%), 
AUDPC, rAUDPC, r-value and loss (%) of 
yield/feddan were determined through 
regression analysis test, during 2014/15 and 
2015/16 growing seasons (Fig. 2 and 3). 
There were a positive relations between the 
four parameters under study and loss(%) of 
yield/feddan, where estimates of R2 were 
0.994, 0.992, 0.992 and 0.927 for FRS(%}, 
AUDPC, rAUDPC, r-value, respectively 
during the two seasons. Accordingly, the 
relation between FRS {%) and loss (%) of 
yield/feddan was the strongest (R2 = 0.994). 
Therefore, the loss (%) of yield/feddan can 
be predicted from FRS (%). Also, there was 
a positive relation between loss (%) in 1000 
kernel weight and loss (%) in yield/feddan, 
where (R2 = 0.993) during 2014/15 and 
2015/1,6 seasons (Fig. 4). As for, association 
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17.84 22.64 5796.0 7492.8 1696.8 

19.22 4.05 7744.8 8072.4 327.6 

22.44 2.85 9156.0 9424.8 268.8 

22.20 18.60 7589.4 9324.0 1734.6 

17.58 16.43 6169.8 7384.6 1214.8 

21.93 3.60 8878.8 9210.6 331.8 

21.18 2.40 8681.4 8895.6 2'i4.2 

1.12 

0.81 

2.16 

between FRS(%) and each of 1000 kernel 
weight and yield/feddan of the infected 
wheat cultivars under study, indicated that 
there were negative relations between them; 
where estimates of R2 were 0. 704 and 0. 708 
in season 2014/15, 0.851 and 0.745 in 
season 2015/16, respectively (Fig. 5).· 
Accordingly, the loss(%) in yield/feddan was 
more stable than the loss (%) in 1000 kernel 
weight, during the two growing seasons of 
the study. These results were in agreement 
with Ochoa and Parlevliet (2007), whom 
previously reported that yield loss (%)was 
strongly correlated with AUDPC. Also, EI­
Shamy et a/. (2011) under the Egyptian 
conditions, found significant correlation 
between disease severity (%) and loss (%) 
for 1000-kernel weight and grain yield/plant. 
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Fig. (2). Relationship between each of FRS (%), AUDPC, rAUDPC, r-value and 
yield/feddan (ardab), during 2014/15 growing season. 
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Fig. (3). Relationship between each of FRS (%), AUDPC, rAUDPC, r-value and 
yield/feddan (ardab), during 2015/16 growing season. 
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Fig. (4). Relationship between loss(%) in 1000 kernel weight and loss(%) in yield/feddan 
of seven Egyptian wheat cultivars due to leaf rust infection, during 2014/15 and 
2015/16 growing seasons. 
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seven Egyptian wheat cultivars infected with leaf rust during 2014/15 and 
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Physical and milling properties: 
Effect of leaf rust disease on physical 

and milling properties of grains for seven 
Egyptian wheat cultivars were shown in 
Table (4). The highest differences between 
protected and infected cultivars of Hectoliter 
weight and Flour(%) were recorded with the 
highly susceptible cvs. Gemmeiza-7 (2.42 
and 7.24%), Gemmeiza-11 (0.85 and 
5.79%) and Sids-1 (0.72 and 5.88%), 
respectively. While, the least differences 
were recorded with the partially resistant 
cultivars Sids-12 (0.24 and 1.40%), Sids-13 
(0.36 and 2.85%), respectively. On the other 
hand, the infected cultivars recorded higher 
values than protected with Bran (%). These 

results were in agreement with Mousa 
(2001 ), who found that the bran weight 
increased by increasing the disease severity 
level of leaf rust, and significant difference 
was found between extraction (%)of shorts, 
bran and flour of all varieties used. Similar 
results previously recorded by Lebedev et 
a/., 1991; Kloppers et a/., 1995; Chen et a/., 
2002 and Wang et a/., 2004. It could be 
concluded that, the infection of leaf rust, 
mainly decreased the hectoliter weight and 
flour(%), compared with the same protected 
wheat cultivars. This may be due to the 
shrinking of wheat grains as a result of low 
moisture and low carbohydrates in flour 
extraction (Mobarak eta/., 201 0). 

Table (4). Effect of leaf rust infection on physical and milling properties of grains for seven 
Egyptian wheat cultivars. 

.:~ 

Hectoliter weight 
Milling properties 

Cultivar 
(kg/ hl-1) 

Flour(%) Bran(%} 

I* P** difference p difference p difference 

Gem.-7 80.5 82.5 2.42 64 69 7.24 36 31 -16.12 

Gem.-9 81.0 81.5 0.61- 65 68 4.41 35 32 -9.37 

Gem.-10 81.8 82.3 0.60 65 68 4.41 35 32 -9.37 

Gem.-11 81.4 82.1 0.85 65 69 5.79 35 31 -12.90 

Sids-1 82.5 83.1 0.72 64 68 5.88 36 32 -12.50 

Sids-12 80.1 80.3 0.24 70 71 1.40 30 29 -3.44 

Sids-13 82.0 82.3 0.36 68 70 2.85 32 30 -6.66 

LSDo.os 0.61 1.22 0.93 

I*= Infected and P** = Protected 
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Chemical composition: 
Data presented in Table (5) show 

chemical properties of wheat flour extracted 
from protected and leaf rust infected of the 
same Egyptian wheat cultivars. The values 
of protein, total carbohydrates, ash, ether 
extract and crude fiber contents of protected 
grains ranged from (10.8 - 12.9), (81.6 -
83.8), (1.6- 2.2), (0.8- 1.9) and (1.9- 2.9%), 
respectively. Meanwhile, the values of 
protein, total carbohydrates, ash, ether 
extract and crude fiber contents of the 
infected one were ranged from (11.2- 13.6), 
(80.7- 83.2), (1.8- 2.3), (0.7- 1.7) and (2.1 -
3.1%), respectively. However, the values of 
ash and crude fiber of infected wheat grains 
were slightly higher than protected ones. 
Also, the flour extracted from infected wheat 
grains contained higher amount of protein 
than that of protected wheat grains. As for, 
protected wheat flour resulted in higher 

contents of wet and dry gluten compared 
with that extracted from infected ones. This 
may be due to the lower extraction rates 
which reflect the rust consumption of 
carbohydrates which showed a slight 
increase of protein. As well these data are in 
agreement with Ahmed et al. (1995), who 
found that the resistant wheat varieties were 
significantly differed in their grain protein 
contents in comparison with the susceptible 
ones. Ames et al. (2003) and Edward et al. 
(2003) reported that protein and gluten 
contents generally used to assess the 
quality of wheat flour. They mentioned that, 
an increase of protein content of grains is 
accompanied by the increase of gluten 
strength. Higher protein or very strong 
gluten results better quality of wheat flour, 
and plays a significant role in the end 
product of flour. 

Table (5). Effect of wheat leaf rust infection on chemical compositions of grains for seven 
Egyptian wheat cultivars. 

Cultivar 

Gem.-7 

Gem.-9 

Gem.-10 

Gem.-11 

Sids-1 

Sids-12 

Sids-13 

Treatment 

Infected 

Protected 

Infected 

Protein 
(%) 

13.6 

12.9 

13.1 

Protected 12.4 

Infected 12.9 

Protected 12.2 

Infected 12.8· 

Protected 12.3 

Infected 12 .4 

Protected 11.7 

Infected 13.3 

Protected 12.8 

Infected 11.2 

Protected 10.8 

LSDo.os 0.30 

Chemical compositions 
Total 

carbohydrates 
(%) 

80.7 

81.6 

80.7 
" 
81.6 

81.2 

81.9 

81.8 

82.5 

81.8 

82.2 

80.9 

82.5 

83.2 

83.8 

0.32 
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Ether Crude 
Ash extract fiber 
(%) (%) (%) 

2.1 0.7 2.9 

2.0 0.8 2.7 

2.3 0.8 3.1 

2.2 

2.1 

2.0 

1.9 

1.7 

2.1 

1.9 

1.8 

1.6 

0.9 

0.9 

1.1 

1.2 

1.4 

1.7 

1.9 

1.6 

1.9 

1.9 1.5 

1.8 1.7 

0.15 0.17 

2.9 

2.9 

2.8 

2.3 

2.1 

2.4 

2.3 

2.4 

2.2 

2.1 

1.9 

0.32 

Wet 
gluten 

(%) 
28.1 

29.2 

20.0 

Dry 
gluten 

(%) 

8.90 

9.39 

9.40 

20.0 9.70 

28.0 9.14 

28.2. 13.00 

23.6 8.06 

26.4 8.10 

20.0 9.78 

21.6 10.15 

28.2 9.90 

30.5 

22.1 

23.2 

0.65 

10.50 

8.10 

8.50 

0.32 
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Farinograph properties and 
Colour characteristics: 

Data presented in Table (6) show the 
effect of wheat leaf rust disease on 
farinograph properties and colour 
characteristics of wheat flour of grains for 
seven Egyptian wheat cultivars. Protected 
cultivars showed the highest values in arrive 
time (min), development time (min) and 
degree of weakening, comparing with other 
infected cultivars, in general. On the other 
hand, infected cultivars recorded the highest 
values in water absorption (%) and stability 
time (min), comparing with other protected 
ones. This may be due to the higher 
contents of protein quality in infected wheat 
flour. Cuniberti et a/. (2003) reported that, 
water absorption (%), correlates well with 
protein composition. Water absorption is a 
key parameter for evaluation of wheat 
cultivars quality. Also, Developing and 

stability time of the farinograph mainly due 
to differences in protein quality. These 
parameters positively correlated with bread 
baking quality. These data are in agreement 
with those previously obtained by Uhlen et 
a/. (2004), whom reported that, development 
time and stability time of farinogram depend 
on polymeric protein and not on total protein 
amount in wheat flour. Also, Faubion and 
Hoseny (1990) stated that, the dough 
development time (peak time) is an indicator 
of protein quality, stronger flour normally 
requires a longer development time than 
that of weaker flour. As for, the effect of the 
leaf rust disease in colour characteristics of 
wheat flour was weak exception L 
(lightness) where there were differences 
between protected and infected cultivars 
which may be due to low extraction rate as 
shown in Table (6). .~ 

Table (6). Effect of wheat leaf rust infection on farlnograph properties and colour 
characteristics of wheat flour of seven Egyptian wheat cultivars. 

Farinograph properties Colour characteristics 

Cultivar Water Arrival Development Stability Degree of 
absorption time 

time (min) 
time weakening L3 a4 bs 

{%} {min} {min} {B.U}* 
j1 64.6 1 " 4.5 90 73.44 -0.14 9.22 

Gem.-7 p2 62.4 1.5 1.5 3.5 100 75.90 -0.19 10.33. 

61.7 1 1.5 4.5 80 85.60 -0.20 8.55 
Gem.-9 p 61.4 1.5 1.5 4 110 76.71 -0.18 7.88 

Gem.-10 
64.3 1.5 2 5.5 70 76.90 -0.60 11.40 

p 63.3 2 1.5 4.5 100 68.96 0.13 11.19 

I 60.6 
Gem.-11 

1 1 3.5 90 67.43 -0.03 6.96 

p 59.9 1.5 1.5 3 120 70.53 -0.14 6.75 

Sids-1 
63.8 1 1 5 100 73.44 0.67 6.91 

p 63.2 1.5 1.5 4 110 68.83 0.44 6.86 
Sids-12 66.4 1 1 5.5 110 71.44 0.69 6.94 

p 66.1 1.5 1.5 4.5 140 68.83 0.45 6.88 
Sids-13 I 67.5 1.5 2.5 6 80 89.92 -.072 15.51 

p 67.4 2 1.5 5.5 130 88.72 .17 15.06 

LSD o.os 0.44 0.33 0.36 0.74 3.28 1.53 0.04 0.76 

P= Infected, P2 = Protected, L 3._ Lightness, a4 =Redness-greenness and b5 =Yellow-blueness 
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Sensory properties of balady 
bread: 

Data presented in Table (7) show 
sensory properties of balady bread 
produced from wheat flour protected and 
leaf rust infected grains. Sensory properties 
values of layers separation, crumb texture 
and odor of bread wheat produced from 
infected wheat, showed good quality 
compared with bread produced from 
protected wheat flour. This may be due to 
the increment of proteins in infected wheat 
flour rather than those in protected ones. 
These results are in agreement with 
Drijepondt et a/. ( 1990), whom stated that 

the susceptible variety Thatcher was the 
highest in flour protein content, but inferior 
milling, dough development and backing 
properties. Uheln et at. (2004) reported that, 
the differences in baking quality related to 
differences in gluten protein composition 
and in particular to high molecular weight 
gluten in subunits, which are essential for 
mixing requirements and resistance of the 
dough. Also, they reported that increased 
protein content however, generally 
increased dough extensibility. Therefore it 
could be concluded that protein content and 
protein quality have major influences on the 
baking potential of wheat flour. 

Table (7). Sensory properties of balady bread, produced from wheat flour of seven 
Egyptian wheat cultivars protected and infected wheat. 

Cultivar 

Gem.-7 

Gem.-9 

Gem.-10 

Gem.-11 

Sids-1 

Sids-12 

Sids-13 

I* 

P** 

p 

p 

p 

p 

p 

p 

Appearance 
(15) 

13.6 

14.5 

14 

13.3 

13.8 

13.4 

13.6 

13.6 

13.8 

13.6 

13.5 

13.2 

13.7 

13.6 

LSDoo5 0.51 

I' = Infected and P'*= Protected 

Layers 
separation 

(15) 

13.5 

13 

13.5 

13.2 

1a.3 

13.5 

13.6 

13.4 

13.4 

13.3 

13.4 

13.3 

13.5 

13.4 

0.47 

Sensory properties 

Crumb 
texture 

(15} 

13.8 

13.5 

13.3 

13.2 

13.3 

13.2 

13.5 

13.3 

13.2 

13.1 

13.1 

13.3 

13.4 

13.3 

0.57 
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Crust 
color 
(15} 

13.6 

14 

13.4 

13.7 

13.6 

13.4 

13.6 

13.4 

13.3 

'13.5 

13.5 

13.8 

13.9 

13.6 

0.54 

Taste 
(20} 

17.3 

18 

17.4 

17.6 

17.6 

17.6 

17.5 

17.5 

17.0 

17.8 

17.5 

17.6 

17.4 

17.7 

0.42 

Odor 
(20} 

17.2 

17 

17.2 

17.5 

17.3 

17.2 

17.4 

17.2 

17.5 

17.4 

17.5 

17.2 

16.6 

17.4 

0.54 

Overall 
acceptability 

(100} 

88.52 

90.21 

88.54 

88.24 

88.64 

88.12 

89.05 

88.34 

88.05 

88.30 

88.14 

88.21 

88.10 

89.05 

0.84 
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