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ABSTRACT: Leaf rust, caused by Puccinia triticina, has been recognized as the main and
widespread disease of wheat in the growing areas of this crop. In the present study, to set up
new effective and eco-compatible control methods against the pathogen, the activity of two
biological control agents (Bacillus subtilis and Trichoderma harzianum) were tested on two
bread wheat cultivars at Al-Nubariya and Kafr EI-Hamam Agricultural Research Stations. The
two biological control agents were tested alone or in combination with Calciven, as a mineral
salt. Greenhouse investigations showed that the most desirable effects on incubation and latent
periods, infection type and number of pustules/leaf were improved by treating wheat seedlings
with the combinations between biological control agents and Calciven (calcium chloride), with
favorability to T. harzianum. Results revealed that Calciven alone or in combination with
biological control agents showed the greatest effects on rust severity and area under disease
progress curve (AUDPC) values, with a positive impact on yield components. Combination
between T. harzianum and Calciven, at Al-Nubariya location, gave the lowest value of rust
severity for Gemmiza-7 and Gemmiza-11 with the subsequent lowest value of AUDPC for both
studied cultivars. Combination between T. harzianum and Calciven, at Kafr EI-Hamam location,
gave the highest values of 1000-kernel weight for Gemmiza-7 and Gemmiza-11 with the
subsequent highest values of yield/plot for both studied cultivars. The efficiency of the studied
treatments on grain and flour characteristics was evaluated on samples which obtained from
Kafr El-Haman location. Technological studies were assessed in terms of grain test weight
(p/B), percentages of protein content, moisture, ash, flour extraction, wet and dry glutens as well
as zeleny (ml), falling number (s). Generally, the studied treatments improved the qualities of
wheat grains and flour. The highest percentages of wet and dry glutens were recorded by
treating Gemmiza-11 with the combination between T. harzianum and Calciven. The effects of
different treatments on the curvilinearity of the relations between rust severity and grain test
weight and protein content were performed. The obtained curves indicated that grain test weight
as well as grain protein content can be related to rust severity. Relation between rust severity
and grain protein content recorded the highest correlation coefficient (0.973), for Gemmiza-7.
Collectively and in view of the seriousness of wheat leaf rust, as well as the necessity to
improve the quality of wheat, the present study is helpful for further developing integrated
biological control approaches for managing leaf rust of wheat.
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INTRODUCTION

Foliar diseases are among the main
factors reducing wheat (Triticum aestivum
L.) crop yields in many regions around the
world (Carreteroa et al., 2011). Wheat leaf
rust (Puccinia triticina Eriks.) is a serious
fungal disease affecting wheat production in

large parts of the world (Cawood et al.,
2010) causing around 4% mean annual yield
reduction (Duveiller et al., 2007).

The main strategy for disease
management of wheat rusts depends on
early detection of the disease incidence and
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successful application of effective fungicides
on hot spots at the right time with sufficient
doses (Karjin, 1996). Several fungicides are
effective for disease control, but the future of
chemical control is uncertain because of
concerns about public health safety from the
residue persistence of exposure risks
(Moustafa-Mahmoud et al., 1997). Intensive
repeated application of fungicides may also
cause environmental pollution or
development of strains, which could
probably be more aggressive if they
acquired resistance against the routinely
used fungicides (Sallam et al., 2001).

A promising strategy for the management
of fungal diseases is based on biological
and integrated control schedules which
include the application of antagonistic
microorganisms (Lima and De Cicco, 2006).
Several studies have shown the
effectiveness of a large number of plant-
beneficial microorganisms, used alone or
combined with natural substances, against
different plant pathogens are already
commercially available (Harman et al., 2004;
Haas and Défago, 2005; De Curtis et al.,
2007&2012). Trichoderma spp. have been
known for their abilities to control plant
pathogenic fungi. Its mechanisms primarily
have included direct effects upon target
fungi via competition, mycoparasitism and
antibiosis (Abd EI-Moity and Shatla, 1981).
In addition, these fungi have been shown to
directly increase plant growth (Chang et al.,
1986). They also have abilities to solubilize
plant nutrients and increase plant nutrient
uptake (Altomare et al., 1999; Yedidia et al.,
2001 and Harman et al., 2004). Moreover,
several Bacillus spp. including Bacillus
subtilis have inhibitory effect on a wide
range of plant pathogens (Li et al., 2013).
Bacillus spp. produced at least 66 different
antibiotic compounds (Ferreira et al., 1991).
Several inorganic salts have been trialed
worldwide for their effectiveness to suppress
fungal pathogens on a wide range of crops
and the majority of published reports
indicate a reduction in disease severity
(Deliopoulos et al., 2010).Calcium chloride is
one of the six identified inorganic chloride
salts which have the capacity to suppress
fungal disease on a variety of crop species

(Williams and Smith, 2001and Melgar et al.,
2001).

Traditionally wheat improvement aims at
three major aspects viz. disease resistance,
grain yield and quality. Several studies
identified the wheat quality in grains and
flour in terms of grain weight, moisture,
protein and ash contents as well as
sedimentation of protein (zelney test), falling
number and flour extraction. However, there
is still ample scope to study its interaction
between rust resistance with quality of wheat
grains (Oak et al., 2011).

In order to create an approach for a more
eco-compatible control of wheat leaf rust as
well as the improvement of wheat quality,
the main objectives of the present study
were to evaluate the effectiveness of
Bacillus subtilis, Trichoderma harzianum,
calcium chloride and their combinations in
controlling leaf rust and improving grain and
flour qualities.

MATERIALS AND METHODS

1. Wheat cultivars

Gemmiza-7 and Gemmiza-11 bread
wheat cvs. used in the present study were
provided by Field Crops Research Institute,
Agricultural Research Center, Giza, Egypt.
Morroco, Triticum spelta saharensis and
Thatcher wheat cvs. were provided by Dis.
Res. Dept., Plant Pathol.Res. Inst.,, ARC,
Giza, Egypt and were used as a surrounding
spreader border, in field experiments.

2. Biological agents and calciven
Two biological agents, Bacillus subtilis
and Trichoderma harzianum, in addition to
Calciven (calcium chloride, Merck 15%)
were examined against leaf rust disease in
wheat. Bioagents were obtained kindly from
Central Lab. of Organic Agriculture, ARC,
Giza, Egypt. Bacillus subtilis was grown on
nutrient glucose broth for 48 hours and the
bacterial suspension was prepared to
contain 30 x 10° cfu/ml. Trichoderma
harzianum was grown in  gliotoxin
fermentation media developed by Brain and
Hemming (1945) for 9 days under complete
darkness just to stimulate toxin production
(Abd EI-Moity and Shatla, 1981) and the
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fungal suspension was prepared to contain
30 x 10° cfu/ml.

3. Inoculum

Inoculation of the tested wheat cvs., at
seedling stage, was carried out using the
freshly collected urediospores of Puccinia
triticina (TTTTR Pathotype). Urediospores
were kindly provided by Wheat Dis. Res.
Dept., Plant Pathol. Res. Inst., ARC, Giza,

Egypt.

4. Experimental
treatments
Experiments were designed as illustrated
in Table (1), including control (untreated)
plants.

design and

4.1. Greenhouse experiments
Greenhouse experiments were carried
out at the greenhouse of leaf rust (Wheat
Dis. Res. Dept., Plant Pathol. Res. Inst.,
ARC, Giza, Egypt) during 2013/14 growing
season. Five seedlings of each cultivar were
grown in 7cm diameter plastic pots. Seven
days old wheat seedlings were sprayed with
three concentrations of T. harzianum, B.
subtilis and Calciven (at the rate of 1 1/50,

100 and 150 | water) in addition to their
combinations, as mentioned in Table (1).
Spraying of the different concentrations was
done at 24 h before inoculation. Control
plants were sprayed with distilled water.
Plants were artificially inoculated with
urediospores of TTTTR pathotype according
to the method of Stakman et al. (1962).

Incubation period (number of days
between inoculation to the appearance of
the first pustule) was measured. Latent
period was measured according to
(Parlevliet, 1975) by counting the number of
visible pustules on marked leaves daily until
no more pustules appeared. From these
data, time between inoculation and 50% of
the pustule just visible was estimated.
Number of pustules/leaf (No.p/leaf), number
of pustules per unit leaf area cm® (2.0 x 0.5
cm) on the upper side of the leaves were
counted as described by (Parlevliet and
Kuiper, 1977). Infection types were used
according to (Stakmen et al. 1962), 0,0;, 1
and 2 (Resistance infection type), 3 and 4
(Susceptible infection type) as shown in
Table (2).

Table (1): Abbreviations of different treatments of Bacillus subtilis, Trichoderma
harzianum,Calciven and their combinations.

Treatment Construction

Control Infected plants

T1 Plants sprayed with Bacillus subtilis only

T2 Plants sprayed with Trichoderma harzianum only

T3 Plants sprayed with Calciven only

T4 Plants sprayed with combination between Bacillus subtilis and Calciven

T5 Plants sprayed with combination between Trichoderma harzianum and Calciven

Table (2): The infection types of wheat leaf rust reactions adopted by Stakman et al.

(1962) at seedling stage.

Infection type Symptoms

0 Low R* No uredia or other macroscopic sing of infection

0; No uredia, but hypersensitive necrotic or chlorotic flecks of varying size present
1 Small uredia often surrounded by necrosis

2 Small to medium uredia often surrounded by chlorosis or necrosis

3 High S** Medium- sized uredia that may be associated with chlorosis or rarely necrosis

4 Large uredia without chlorosis or necrosis
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4.2. Field experiments

Field experiments were conducted at Al-
Nubariya and Kafr El-Hamam Agricultural
Research Stations during 2013/14 growing
season. The effects of the high
concentration of two bioagents, Calciven
and their combinations, as previously
mentioned in Table (1), were evaluated on
controlling leaf rust on Gemmiza-7 and
Gemmiza-11  wheat cvs. Area of
experiments were divided into plots (3 x 3.5
m = 10.5 m?), each plot contained 10 rows
and 30 cm between rows. The experiments
were planted 15 days after the regular
sowing date (the first half of December) to
expose the plants to suitable environment of
rust incidence and development.
Randomized Complete Block design with
three replicates was used. Plots were
surrounded by a spreader border sown with
a mixture of highly susceptible wheat
varieties to leaf rust. Artificial inoculation with
a mixture of freshly collected urediospores of
the most prevalent leaf rust physiologic
races (NTTTS, PTTTT, SKPSS, TTTTR and
TTSTT) and a talcum powder at a ratio of
1/20 (viv) was carried out using baby
cyclones to assure equal deposition of
spores on all spreader plants and generate
an epidemic (Tervet and Cassel, 1951).

4.3. Disease assessment

Rust severity was recorded using
modified Cobb's scale (Peterson et al.,
1948) every 7 days intervals from rust
appearance. Also, area under disease
progress curve (AUDPC) was assessed for
each variety according to the equation
adopted by Pandey et al. (1989).

1

Where:
D = days between two consecutive
recordings (time intervals),
Y, + Yk = sum of the first and the last
disease scores and
Y, + Yz +...+ Yygs =sum of all in between
scores.

At the harvest stage, yield components in
terms of yield/plot (kg) and weight of 1000
kernel (g) were recorded.

4.4. Statistical analysis

Data  were statistically ~ analyzed
according to Steel and Torrie (1980). Grain
protein content and grain test weight were
correlated to rust severity using Origin Pro
8.6.0 software Copyright © 1991-2012
OriginLab Corporation.

4.5. Technological studies

All technological studies were carried out
at the Wheat and Flour Analysis Lab.,
Regional Center for Feed and Food, Agric.
Res. Center, Giza, Egypt, on samples which
obtained from Kafr El-Hamam location.
Wheat samples were cleaned mechanically
to remove dirt, dockage, imparters and other
strange grains by Carter Dockage Tester
according to the methods described in
USDA (2002). Moisture content percentage
was determined by JAC 2100 in Regional
Center for Food and Feed AACC (2000).
Wheat samples were tempered to 16%
moisture and allowed to be rest for 24 hours,
and then milled by Laboratory mill CD1 auto
Chopin according to the methods described
in AACC (2000). The extraction rate of any
flour sample was adjusted to recurred rate
(72% extraction).

Grain quality assessment

Wheat kernels were subjected to
determine test weight pound per bushel
according to USDA, (2002). Inframatic 8600
equipment was used to determine
percentages of grain protein content dry
base, moisture content, ash content.
Zelneny Shaker was used to determine
sedimentation of protein (Zelney test, ml).
Falling Number 1500 Unit was used to
determine  a-amylase activity (Falling
number, s). The aforementioned parameters
as well as percentages of flour extraction
were determined according to AACC (2000).

Flour quality assessment
Percentages of flour moisture content,

ash content, wet and dry glutens were

determined according to AACC (2000).
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RESULTS AND DISCUSSION

Greenhouse experiments:

Data in Table (3) showed the effect of the
three different concentrations (1 1/150 I, 1
/100 | and 1 1I/50 | water) of the five
constructed treatments on incubation and
latent periods, infection type and number of
pustules/leaf. Data indicated that the higher
concentration of any treatment leads to the
most prolonged incubation and latent
periods. Furthermore, these high
concentrations reduced number  of
pustules/leaf. The most desirable effects
were obtained by treating wheat seedlings
with T5 treatment followed by T4
treatment.Gemmiza-11 wheat cv. recorded
the most prolonged incubation and latent
periods (8.35 and 12.10 day, respectively)
when seedlings were treated with the high
concentration of T5 treatment, compared
with control plants (7.43 and 10.10 day,
respectively). The same treatment prolonged
the incubation and latent periods of control
plants of Gemmiza-7 wheat cv. from 7.11
and 9.50 day, respectively, to 8.11 and
10.90 day, respectively. Generally,
significant  differences were recorded
between cultivars, treatments and the
interaction between them, except in
incubation period. These effects of T.
harzianum and B. subtilis may be due to that
the former can produce a rich mixture of
antifungal enzymes which affect the outer
layer of urediospores of the pathogen
(Harman, 2006) while the later can produce
a variety of antibiotics which inhibit plant
pathogens (Utkhede, 1984 and Joann et al.,
1989) resulting in decreasing the inoculums
of the pathogenic spores, infection type and
No. of pustules/leaf. Data in Table (3)
indicated also that, treating wheat seedlings
with Calciven (alone or in combination with
bioagents) recorded the lowest values of
infection type, for both studied wheat cvs.
Data also indicated that, the lowest number
of pustules/leaf (4.80) was when Gemmiza-7
wheat cv. sprayed with T5 treatment (at the
higher concentration), compared with control
(15.33). Meanwhile, it was 9.01 in
Gemmeiza-11 wheat cv. when treated with
the same treatment and concentration,
compared with control treatment (22.66).
This might be due to that calcium is
responsible for formation of strong cell walls
which in turn play a role in disease reduction

(ElI-Gamal et al., 2007). Also, chloride plays
several important roles in plants including
disease control properties through the
osmoregulatory and biochemical functions
(Flowers, 1988) and biochemical functions
(Homann, 2002). These roles include the
serving as key osmotic solute by controlling
movement across cell membranes as well
as stimulation of important enzymes, such
as glutamine-dependent asparagine
synthetase (Schnabl & Raschke, 1980 and
Rognes, 1980).

Field experiments

Data given in Tables (4 & 5) represents
the effect of different bioagents (T.
harzianum and B. subtilis), Calciven and
their combinations on leaf rust disease
parameters, at two locations (Al-Nubariya
and Kafr El-Hamam) during 2013/14 growing
season. Data indicated that spraying
Calciven alone or in combination with any of
the studied bioagents led to the greatest
effects on rust severity and AUDPC values.
Non  significant  differences  between
locations were recorded, for both disease
parameters.

At Al-Nubariya location, spraying the
studied wheat cvs. with T5 treatment gave
identical lowest values of rust severity (3.0)
and AUDPC (42.0). T4 treatment gave the
subsequent identical impact on rust severity
(3.67) and AUDPC (44.33), for both studies
wheat cvs.

At Kafr El-Hamam location, spraying
Gemmiza-7 and Gemmiza-11 wheat cvs.
with the T5 treatment gave the lowest values
of rust severity (6.67 and 8.33, respectively)
and AUDPC (59.50 and 70.0, respectively).
T4 treatment gave the subsequent impact
on rust severity (8.33 and 11.67,
respectively) and AUDPC (70.0 and 95.50,
respectively). These results are in harmony
with those obtained by Abd EI-Moneim et al.
(2011) and may be due to the
aforementioned antifungal mechanisms as
well as the dehydrating effect of CacCl,
solution (Kwang et al., 2003).

Statistical analysis of the obtained rust
severity results and AUDPC recorded the
significant differences between the applied
treatments, alone or interacted with cultivars.
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Table 3
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Table (4): Effect of spraying Bacillus subtilis, Trichoderma harzianum and Calciven or
their combinations on rust severity of Gemmiza-7 and Gemmiza-11 wheat

cvs., under field conditions of Al-Nubariya and Kafr El-Hamam locations
during 2013/14 growing season.

Nubariya Kafr EI-Hamam
- - - - General
Treatment Gemmeiza- Gemmeiza- Mean  Gemmeiza- Gemmeiza- Mean mean
7 11 7 11
Control (infected
plants) 46.67 33.33 40.00 53.33 43.33 48.33 44.17
T1 (B. subtilis) 26.67 16.67 21.67 33.33 36.67 35.00 28.34
T2 (T. harzianum) 23.33 10.00 16.67 26.67 16.67 21.67 19.17
T3 (Calciven) 4.33 6.00 5.17 8.66 13.33 11.00 8.08
T4 (B. subtilis +
Calciven) 3.67 3.67 367 8.33 11.67 10.00 6.84
T5 (T. harzianum
+ Claciven) 3.00 3.00 3.00 6.67 8.33 7.50 5.25
Cultivar mean 17.95 12.11 15.03 22.83 21.67 22.25 18.64
Location mean 15.03 22.25
LSD at 5 % of:
Cultivars (C) NS Location (L) NS CxL NS
Treatments (T) 3.91 CxT 5.53 CxTxL NS

Table (5): Effect of spraying Bacillus subtilis, Trichoderma harzianum and Calciven or
their combinations on area under disease progress curve (AUDPC) of
Gemmiza-7 and Gemmiza-11 wheat cvs., under field conditions of Al-Nubariya
and Kafr El-Hamam locations during 2013/14 growing season.

Nubariya Kafr EI-Hamam General
Treatment Gemmeiza- Gemmeiza- Mean Gemmeiza- Gemmeiza- Mean
mean
7 11 7 11
CO”tL‘Tng)eCted 490.00 338.33 41417  536.66 455.00  495.83  455.00
T1 (B. subtilis) 192.33 131.50 161.92 280.00 315.00 297.50 229.71
T2 . (T. 174.66 80.50 127.58 192.33 131.50 161.92 144.75
harzianum)
T3 (Calciven) 46.66 57.16 51.91 116.00 106.00 111.00 81.46
T4 (B. subtilis + /) 23 4433 44.33 70.00 95.50 8275  63.54
Calciven)
T5 (T. harzianum 4, 42.00 42.00 59.50 70.00 6475  53.38
+ Claciven)
Cultivar mean 165.00 115.64 140.32 209.08 195.50 202.29 171.31
Location mean 140.32 202.29
LSD at 5 % of:
Cultivars (C) NS Location (L) NS CxL NS
Treatments (T) 46.57 CxT NS CxTxL NS
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Yield components

Data in Table (6 & 7) indicated the effect
of spraying Bacillus subtilis, Trichoderma
harzianum and Calciven or their
combinations on yield components (weight
of 1000-kernel (g) and vyield/plot (kg)) of
Gemmiza-7 and Gemmiza-11 wheat cvs.,
under field conditions of Al-Nubariya and
Kafr El-Hamam locations during 2013/14
growing season. Results indicated that all
treatments increased vyield components,
compared with control plants. Spraying adult
plants of both cvs. with T. harzianum alone
or in combination with Calciven gave the
highest values of yield components, at the
two studied locations. This effect could be
attributing to the growth regulators which
can be produced by these antagonistic
microorganisms as mentioned by Abd El-
Moity and Shatla (1981); Sankar and
Jeyarajan (1996) and Reguchender et al.
(1997). In addition, these bioagents have
been shown to directly increase plant growth
(Chang et al., 1986). They also have abilities

to solubilize plant nutrients and increase
plant nutrient uptake (Altomare et al., 1999;
Yedidia et al., 2001 and Harman et al.,
2004). Trichoderma spp. is beginning to be
used in reasonably large quantities in plant
agriculture, both for disease control and
yield increase (Harman, 2006). Statistical
analysis results of weight of 1000-kernel (g)
recorded significant differences between
treatments and the interaction of cultivars
and locations. While, cultivars, treatments
and their interaction recorded significant
differences in yield/plot (kg).

Grain quality assessment

Test weight and grain protein content are
two of the most important tools in wheat
grading system. Data given in Table (8)
indicate the effect of different treatments on
rust severity and their impact on grain test
weight (P/B) and percentage of grain protein
content.

Table (6): Effect of spraying Bacillus subtilis, Trichoderma harzianum and Calciven or
their combinations on weight of 1000-kernel (g) of Gemmiza-7 and Gemmiza-
11 wheat cvs., under field conditions of Al-Nubariya and Kafr El-Hamam
locations during 2013/14 growing season.

Nubariya Kafr EI-Hamam General
Treatment Gemmeiza- Gemmeiza- Mean Gemmeiza- Gemmeiza- Mean
mean
7 11 7 11
Control (infected 55 g5 34.10 33.95 38.40 41.33 30.87  36.91
plants)

T1 (B. subtilis) 34.23 34.83 34.53 38.66 41.66 40.16 37.35
T2 (T. harzianum) 36.88 38.10 37.49 40.94 44.70 42.82 40.16
T3 (Calciven) 35.43 35.30 35.37 39.66 42.53 41.10 38.23
T4 (B. subtilis + 55 5 35.75 3575  40.33 4331 4182 3879
Calciven)
T5 (T. harzianum 45 g 39.13 3847  41.70 4496 4333 40.90
+ Claciven)

Variety mean 35.65 36.20 35.93 39.95 43.08 41.52 38.72

Location mean 35.92 41.51
LSD at 5 % of:

Cultivars (C) NS Location (L) NS CxL 0.38

Treatments (T) 0.47 CxT NS CxTxL NS
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Table (7): Effect of spraying Bacillus subtilis, Trichoderma harzianum and Calciven or
their combinations on yield/plot (kg) of Gemmiza-7 and Gemmiza-11 wheat
cvs., under field conditions of Al-Nubariya and Kafr El-Hamam locations
during 2013/14 growing season.

Nubariya Kafr EI-Hamam General
Treatment Gemmeiza- Gemmeiza- Mean Gemmeiza- Gemmeiza- Mean
mean
7 11 7 11
Control (infected 5 g¢ 463 4.25 4.48 5.42 495 460
plants)

T1 (B. subtilis) 4.12 4.93 4.53 4.58 5.72 5.15 4.84
T2 (T. harzianum) 4.66 5.82 5.24 5.19 6.15 5.67 5.46
T3 (Calciven) 4.24 4.96 4.60 4.76 5.88 5.32 4.96
T4 (B. subtilis + ;g 5.23 4.76 4.77 5.89 5.33 5.04
Calciven)
T5 (T. harzianum g4 5.96 5.33 5.21 6.42 582 557
+ Claciven)

Variety mean 4.31 5.26 4.79 4.83 5.91 5.37 5.08

Location mean 4.78 5.37
LSD at 5 % of:

Cultivars (C) 0.13 Location (L) NS CxL NS

Treatments (T) 0.16 CxT 0.51 CxTxL NS

Table (8): Effect of spraying Bacillus subtilis, Trichoderma harzianum and Calciven or
their combinations on grain test weight (p/B), percentage of grain protein
content and their relations to rust severity of Gemmiza-7 and Gemmiza-11

wheat cvs.
Rust severity Test weight p/B Grain protein content (%)
Treatment Gemmiza- Gemmiza- Gemmiza- Gemmiza- Gemmiza- Gemmiza-
7 11 7 11 7 11
Control 53.33 43.33 59.04 57.31 10.39 11.10
(untreated plants)
e . 33.33 36.67 60.39 58.00 10.42 11.33
B. subtilis
T2 . 26.67 16.67 60.13 57.83 10.43 11.63
T. harzianum
T3 . 8.66 13.33 60.00 57.76 10.67 11.80
Calciven
T4
. . 8.33 11.67 60.65 58.24 10.65 11.83

B. subtilis + Calciven
T5
T. harzianum + 6.67 8.33 60.61 58.17 10.63 11.90
Claciven
L.S.D. at 5% of :

Cultivars (C) 0.24 0.19

Treatments (T) 0.41 0.33

CxT NS NS




El-Naggar, et al.,

Rust severity versus grain test
weight

Data given in Table (8) indicated that all
treatments increased the grain test weight
for both studied cultivars, compared with
control. The obtained test weight values
ranged from 59.04 to 60.65 for Gemmiza-7
and from 57.31 to 58.24 for Gemmiza-11.
The highest values of test weight were
recorded in T4 for Gemmiza-7 and
Gemmiza-11 (60.65 and 58.24,
respectively). Generally, the measured test
weights were in acceptable range according
to USDA (2002). Statistically, significant
differences were recorded between cultivars
as well as between treatments. While, non
significant differences were recorded when
cultivars were interacted with treatments.
Figure (1) showed the effect of different
treatments on the curvilinearity of the
relation between rust severity and grain test
weight. This figure indicated that grain test
weight (y) of Gemmiza-7 can be related to
rust severity (x) by the following formula with
a correlation coefficient (R?) of 0.539:

vy =6072—-0025x

While, the grain test weight of Gemmiza-
11 can be related to rust severity by the
following formula with a correlation
coefficient (R%) of 0.328:

y=15823—-0016x

Rust severity versus grain protein

content

Data given in Table (8) indicated that all
treatments increased the grain protein
content (%) for both studied cultivars,
compared with control. The obtained
percentages of grain protein content were
ranged from 10.39 to 10.67% for Gemmiza-7
and from 11.10 to 11.90% for Gemmiza-11.
The highest GPC for Gemmiza-7 (10.67%)
was obtained in T3 treatment. While, for
Gemmiza-11 wheat cv., spraying wheat
plants with T5 treatment gave the lowest rust
severity (8.33) which accompanied by
highest GPC (11.90). Statistically, significant
differences were recorded between cultivars
as well as between treatments. While, non
significant differences were recorded when
cultivars were interacted with treatments.

10

This may be due to the fact that diseases-
like leaf rust that attack leaves or other
vegetative parts were reported to damage
grain quality by reducing the composition of
assimilates available for grain development
(Drijepondt et al., 1991). Also, Oak et al.,
(2011) reported that high disease resistance
(low rust severity) leads to improved grain
protein content in rust resistant cvs. Figure
(2) showed the effect of different treatments
on the curvilinearity of the relation between
rust severity and GPC (%). This figure
indicated that GPC (y, %) of Gemmiza-7 can
be related to rust severity (x) by the following
formula:

y=1207 - 0022 x

with a correlation coefficient (R%) of 0.973.
While, the GPC (%) of Gemmiza-11 can be
related to rust severity by the following
formula:

vy = 1068 — 0.006 x
with a correlation coefficient (R?) of 0.799.

Grain moisture, ash, zeleny, falling

number and flour extraction

Mean values of some properties of
Gemmiza-7 and -11 wheat cvs. grains, as
affected by different foliar treatments, were
given in Table (9). Percentage of moisture
content among all treatments of Gemmiza-7
and Gemmiza-11 were ranged from 10.00 to
10.8% and from 9.7 to 10.3, respectively.
The lowest two moisture content values
(10.00 and 9.70%) were recorded in T4

treatment, for Gemmiza-7 and -11,
respectively.
Percentage of ash content for all

treatments was found quite close to each
other (Table 9). For Gimmiza-7, all
treatments led to increase ash content
values. As a result of milling process,
nutrient level of high extraction rate flour
increases directly with increase in flour ash
values (Matthews and Workman, 1977).
However, the effect of different treatments
on the percentage of ash content of
Gemmiza-11 was varied from one treatment
to another. The highest ash content (1.30 %)
was observed in Gemmiza-7 with T3
treatment.
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Fig. (1): Correlation coefficient between percentage of leaf rust severity and grain test
weight (P/B) of Gemmiza-7 and Gemmiza-11 wheat cvs. as affected by spraying
with Bacillus

GPC, %

subtilis, Trichoderma harzianum and Calciven or their
combinations, combined with control untreated plants.
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Fig. (2): Correlation coefficient between percentage of leaf rust severity and percentage
of grain protein content of Gemmiza-7 and Gemmiza-11 wheat cvs. as affected
by spraying with Bacillus subtilis, Trichoderma harzianum and Calciven or their
combinations, combined with control untreated plants.
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Regarding the sedimentation of protein
(zeleny test, ml), T5 treatment recorded the
highest percentages (42.00 and 44.00 ml)

for Gemmiza-7 and Gemmiza-11,
respectively, compared to control plants
(37.67 and 39.33 ml, respectively).
Generally, all treatments raised the

sedimentation of protein of Gemmiza-7,
compared to control plants. While for
Gemmiza-11, the effect of foliar spraying of
the studied treatments was varied.

Falling number is an internationally
recognized measure, which indirectly
assesses a-amylase activity in flour

(Hagberg, 1961 and Perten, 1964), and is
used to test if wheat is suitable for bread-
making or not. Data given in Table (9)
revealed that the falling numbers were
differed from cultivar to another. These
results were in harmony with those obtained
by Farrell and Kettlwell (2009) where they
stated that cultivar type is an important
factor that affects the falling number. Also,
fungal infection may affect the falling number
with a reciprocal relation (Svensson, 1990).
This is what evidenced in Table (9) where
control infected Gemmiza-7 wheat cv.
recorded the highest falling number (414.00
s). Furthermore, all treatments applied onto
Gemmiza-7 wheat cv. reduced the falling
number. The highest reduction was recorded
by T2 treatment (382.00 s) followed by T1
treatment (387.67 s). Such effects of T.
harzianum and B. subtilis were in
accordance with those obtained by Sallam
(1997). However for Gemmiza-11, the effect
of foliar spraying of the studied treatments
on falling number was varied. Generally,
flours with a low falling number (< 250 s)
produce sticky bread crumbs (Mustatea et
al., 2006), while those with a high falling
number (> 400 s) produce dry bread
crumbs.

Respecting the flour extraction, data
presented in Table (9) indicated that T3 and
T2 treatments for Gemmiza-7 had highest
and lowest flour yields (69.5 and 66.1%,
respectively) while T4 and T5 treatments for
Gemmiza-11 had highest and lowest flour
yields (72.1 and 66.0 %, respectively).

13

D’Appolonia and Emeritus (1996) reported
that milling separates the bran and germ
fractions from the endosperm, which is used
to make flour, and reduces endosperm
particles to the correct size. A series of
separation and sizing steps converts one
hundred pounds of wheat into about
seventy-five pounds of various flour types.
Patent flour is made from the purest clear
flour which is made from less pure fractions
and has higher protein and bran content.
Straight flour contains all the flour fractions
and has a protein and bran content that falls
in between the other two. Also, the flour
extraction rate affects the protein content,
farinographic water absorption and gluten
strength (Orth and Mander, 1975). With an
increase in exaction rate, the protein
content, fiber, sugar, lipids and mineral
matter increase, whereas the starch
decreases (Kent and Amos, 1967).
Statistically, significant differences were
recorded between cultivars as well as
between treatments, in all studied
parameters.

Flour quality assessment

Quality assessment of different wheat
flours was given in Table (10) in terms of
percentages of moisture, ash, wet and dry
gluten contents. Moisture contents for
Gemmiza-7 were ranged from 15.07 (in
control plants) to 15.70% (in T3 treatment).
While for Gemmiza- 11, T1 treatment
recorded the highest moisture content
(15.93 %) while T5 treatment recorded the
lowest moisture content (14.80%). On the
other hand, T5 treatment of Gemmiza-7 flour
recorded the lowest weight in ash (0.44%)
and the highest ash content was recorded
with T2 and T3 treatments (0.51%). For
Gemmiza-11, T5 treatment recorded the
highest ash content (0.52%) while the lowest
ash content (0.45%) was recorded in control
plants. In this respect D’Appolonia and
Emeritus, (1996) reported that ash is the

mineral residue remaining after organic
matter has been incinerated. Wheat bran
contains more minerals than does
endosperm, so ash content roughly

correlates with flour type. However, nutrient
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level increases directly with flour ash values
and nutritional quality of flours produced
worldwide is lower than the wheat as a result
of milling process (Barret et al., 1980).
Additionally data in Table (10) showed that
wet and dry gluten from wheat meal of
Gemmiza-7 were ranged from 25.17 to
28.40% and from 17.67 to 20.03%,
receptivity. The highest percentages of wet
and dry gluten in Gemmiza-7 were recorded
in T1 treatment (28.40 and 20.03%,
respectively), whereas lowest percentages
were recorded in T4 treatment (25.17 and
17.67 %, respectively). Results also showed
that wet and dry gluten from wheat meal of
Gemmiza-11 were ranged from 28.40 to
33.97% and from 20.27 to 24.07%,
receptivity. The highest percentages wet and
dry gluten in Gemmiza-11 were recorded in
T5 treatment (33.97 and 24.07%,
respectively), whereas the lowest

percentages were recorded in T4 treatment
(28.40 and 20.27 %, respectively). Wheat is
unique among the edible grains because
only wheat flour has the protein complex
called “gluten” that can be formed into
dough with the rheological properties
required for the production of leavened
bread. Gluten protein is the basis of man’s
attraction to wheat because wheat gluten
alone can sustain human desire for
leavened bread products. The rheological
properties of gluten are needed not only for
bread production, but also in the wider range
of foods that can only be made from wheat,

Viz., noodles, pasta, pocket breads,
pastries, cookies, and other products.
Statistically, significant differences were
recorded between cultivars as well as
between treatments, in all studied
parameters.

Table (10): Effect of spraying Bacillus subtilis, Trichoderma harzianum and Calciven or

their

combinations on percentages of some flour

qguality parameters

(percentages of moisture, ash, wet and dry glutens) of Gemmiza-7 and

Gemmiza-11 wheat cvs.

Moisture %

Ash flour %

Wet gluten % Dry gluten %

Treatment

Gem-7 Gem-11 Gem-7 Gem-11 Gem-7

Gem-11 Gem-7 Gem-11

Control 15.07 15.10 0.45 0.45 26.80 29.87 18.87 21.33
T1 (B. subtilis) 15.25 15.93 0.47 0.50 28.40 31.53 20.03 22.40
T2 (T. harzianum) 1535 15.20 0.51 0.49 27.20 31.60 19.30 22.80
T3 (Calciven) 1570 15.35 0.51 0.46 2560 29.90 17.97 21.33
T4 (B. subtilis + Calciven) 15.30 15.30 0.48 0.46 25.17 28.40 17.67 20.27
T5 (T. harzianum+ Claciven) 15.30 14.80 0.44 0.52 2790 33.97 19.93 24.07
L.S.D. at 5% of :

Cultivars (C) 0.20 0.06 1.04 0.63

Treatments (T) 0.63 0.07 1.80 1.09

CxT NS NS NS NS

14
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Table (3): Effect of spraying different concentrations of bioagents (Bacillus subtilis and Trichoderma harzianum), Calciven and
their combinations, 24 hours before inoculation of wheat seedlings of Gemmeiza-7 and Gemmeiza-11 with Puccinia
triticina on the incubation period, latent period, infection type and number of pustules/leaf.

Incubation period Latent period Infection type No. of pustules/leaf
Treatment Conc.
Gem-7 Gem-11 Gem-7 Gem-11 Gem-7 Gem-11 Gem-7 Gem-11
Control 7.11 7.43 9.50 10.10 4 4 15.33 22.66
(untreated plants)
11/150 | water 7.00 7.50 9.57 10.23 4 4 15.01 20.02
T1 11/200 | water 7.17 7.51 9.64 10.23 4 4 14.92 19.91
B. subtilis 11/50 | water 7.33 7.60 9.70 10.40 3 3 14.11 18.66
Mean 7.17 7.54 9.64 10.29 14.68 19.53
11/150 | water 7.20 7.50 9.70 10.30 4 4 13.33 19.10
T2 11/100 | water 7.29 7.51 9.70 10.81 4 4 12.50 18.33
T. harzianum 11/50 | water 7.90 8.13 10.30 11.20 3 3 10.90 15.96
Mean 7.46 7.71 9.90 10.77 12.24 17.80
11/150 | water 7.53 7.71 10.33 10.64 2 2 10.41 15.57
T3 11/100 | water 7.82 7.87 10.42 10.83 2 2 8.58 12.91
Calciven 11/50 | water 8.04 8.19 10.70 11.80 1 2 5.06 9.2
Mean 7.79 7.92 10.48 11.09 8.02 12.56
11/150 | water 7.66 7.88 10.43 10.56 2 2 10.11 16.98
T4 11/200 | water 7.83 7.96 10.61 10.98 1 2 8.28 12.46
B. subtilis + Calciven 11/50 | water 8.03 8.22 10.73 11.90 1 1 5.03 9.16
Mean 7.84 8.02 10.59 11.15 7.81 12.87
11/150 | water 7.53 7.67 10.42 10.98 2 2 9.81 14.01
T5 11/200 | water 7.88 7.93 10.42 11.21 1 2 7.50 12.45
T. harzianum + Claciven 1 1/50 | water 8.11 8.35 10.90 12.10 1 1 4.80 9.01
Mean 7.84 7.98 10.58 11.43 7.37 11.82
L.S.D. at 5% of:
Cultivar (C) 0.10 0.11 0.24
Treatments (T) 0.28 0.31 --- 0.68
CxT NS 0.44 0.97

Low = 1 liter/150 liter water, medium= 1 liter/100 liter water and high= 1 liter/50 liter water.
NS= Non-significant at P = 0.05
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Table (9): Effect of spraying Bacillus subtilis, Trichoderma harzianum and Calciven or their combinations on some grain quality
parameters (grain moisture (%), ash (%), zeleny (ml) and flour extraction (%) as well as falling number (s)) of Gemmiza-
7 and Gemmiza-11 wheat cvs.

Moisture % Ash % Zeleny (ml) Falling number(s) Flour extraction %
Treatment

Gem-7 Gem-11 Gem-7 Gem-11 Gem-7 Gem-11  Gem-7 Gem-11 Gem-7 Gem-11
Control 10.80 10.30 121 1.09 37.67 39.33 414.00 382.50 68.30 69.20
T1 (B. subtilis) 10.08 10.00 1.25 1.10 40.67 39.33 387.67 395.00 67.90 71.90
T2 (T. harzianum) 10.20 10.10 1.27 1.08 39.00 39.33 382.00 397.67 66.10 69.70
T3 (Calciven) 10.40 10.20 1.30 1.09 40.00 34.67 408.00 371.50 69.50 69.60
T4 (B. subtilis + Calciven) 10.00 9.70 1.26 1.08 38.67 33.33 404.00 367.50 66.60 72.10

T5 (T. harzianum + Claciven) 10.06 9.80 1.26 1.12 42.00 44.00 410.33 396.50 68.10 66.00

L.S.D. at 5% of :
Cultivars (C) 0.14 0.04 2.72 20.67 2.55

Treatments (T) 0.24 0.05 4.17 35.69 4.42

CxT NS NS NS NS NS
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