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Abstract

Field experiments were conducted in two year to find out the optimum seeding rate (100, 200, 300 and 400 seeds
m-2) for both bread wheat Giza 168 (Triticum aestivum L.) and durum wheat Sohag 3 (Triticum turgidum L. ssp.
durum) cultivars grown on a sandy loam-soil at Qena in Upper Egypt. The experiment was laid out Randomized
Complete Block Design (RCBD) with split plot arrangement keeping cultivars (C) in main plots and seeding rate
(SR) in sub plots having three replications. Grain yield and its components and grain protein concentration were
measured. Grain yield and its components exhibited a significant response to seeding rate and cultivar
differences. Significant interaction effects between seeding rate and cultivar were detected in both seasons on
yield, selected yield components, and harvest index. But, weight of kernels per spike was not affected by seeding
rate or the seeding rate x cultivar interaction. The highest grain and straw yields as well as harvest index were
recorded for C1SR3 (Giza 168 cv and seeding 300 seeds m-2), while the lowest values were found for C2SR1
(Sohag 3 cv and seeding 100 seeds m2). There was no significant response to seeding rate in grain protein
concentration. Grains of Sohag 3 (durum wheat) were significantly higher in their protein concentration than
grains of Giza 168 (bread wheat). Crop production functions with respect to seeding rates, determined for grain
yield and yield components enable the results of this study to be extrapolated to other agro-climatic conditions

similar to those in Qena.
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Introduction

Wheat is one of the most important cereal crops in
the world and it has the widest distribution among
cereal crops. The crop is primarily grown for its grain,
which is consumed as human food. Wheat is also the
most important cereal crop of Egypt and accounts for
about 40.2 % of the total cereal production with
acreage of 1.26 million hectares. Durum wheat
account for about 7.86 % of the wheat cultivated area

in Egypt (Anonymous, 2010).

Seeding rate strongly influences the capacity of wheat
to utilize environmental resources because it
influences the relative importance of intraplant and
interplant competition for light, water and nutrients
during crop development (Tompkins et al., 1991a,b).
Low seed rates decrease interplant competition,
especially during vegetative growth, but increase
intraplant competition during grain filling because
plants tend to produce more spike-bearing tillers
(Marshall and Ohm, 1987). Thus, low seed rates
generally increase the weight of single spikes, but
decrease the number of spikes per unit area, whereas
the opposite occurs under high seed rates (Tompkins
et al., 1991a, b). Whaley et al. (2000) found that the
number of kernels per wheat spike increased by 50%
when the crop density decreased from 338 to 19
plants m-2, but Ozturk et al. (2006) reported less than
10% increases when seed rate was decreased from 625
to 325 seeds m=2. Optimum seeding rates vary from
region to region. Usually, the occurrence of lodging
and diseases increases at higher densities and leads to
grain yield reduction. Beuerlein and Lafever (1989)
found that as the seeding rate of winter wheat
increased from 117 to 468 seeds m2, yields declined at
an average of 8 %. Tompkins et al., (1991) found that
increasing seeding rates from 35 to 140 kg ha<
increased grain yield. Radwan, (1997) recorded the
greatest plant growth and yield of wheat with a seed
rate of 120 kg ha. Geleta et al. (2002) reported the
optimum seed rate on the basis of a response curve,
that seeding rate of about 118 kg ha* for grain yield,
97.5 kg for grain volume weight and 64 kg for 1000-
kernel weight. Tomar (2004) compared seed rates of

100, 125, 150 kg ha? and found that yield was

maximum at the highest seeding rate of 150 kg ha.
Mennan and Zandstra (2005) reported that wheat
grain yield increased with increasing seed rate and
decreased with decreasing seed rate from 250 to 200
or 150 kg ha. Ali et al. (2010) compared seed rates of
125, 150, 175, 200 kg ha and found that number of
grains spike -1, 1000-grain weight, grain yield and
harvest index were highest under seeding rate of 150
kg ha. Kili¢ and Giirsoy (2010) compared seed rates
of 50, 150, 250, 350, 450 and 550 seed per m2 and
found that seeding rate affected grain yield and yield
components except protein content. The results
revealed that 253 seed per m2 was predicted to be an
optimum seed rate for producing the highest average
grain yield (5162 kg ha?) over years. Significant
differences among varieties were also found for yield

and yield parameters.

The protein content of wheat grains is of high value
for defining the end-use quality of both Triticum
aestivum and T. durum grain (Gooding et al., 2003).
In T. aestivum, Bavec et al. (2002) and Geleta et al.
(2002) reported that grain protein concentration
declined as seeding rate increased, probably because
of a higher competition among plants for nitrogen.
On the other hand, Tompkins et al. (1991a, b) found
that grain protein concentration was slightly higher
when 470 than with 115 seeds were sown per m2.
However, McLeod et al. (1996), Carr et al. (2003b)
and Ozturk et al. (2006) found that seeding rate did

not affect grain protein concentration.

Significant interactions between cultivars and seeding
rates for grain yield have been reported by Briggs and
Aytenfisu (1979) and Wiersma (2002). Briggs and
Aytenfisu (1979) and Faris and De Pauw (1981)
suggested that new wheat cultivars, particularly if
they differed genetically from existing cultivars,
should be tested at a wide range of seeding rates to

determine their optimum seeding rate.

Hamed (1998) and highly

significant correlation coefficients between grain yield

observed positive

and plant height, spike number m-2, spike length,
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1000-grain weight, biological and straw yields with

increased seed rate.

Yield potential of wheat can be improved by
optimizing the seeding rate. The objective of the
present work was to determine the seeding rate to
which maximizes grain yield of bread and durum
wheat under high the temperatures prevalent in

Qena, southern Egypt.

Materials and methods

Experimental site description

The investigation was carried out at the experimental
farm of the Faculty of Agriculture, South Valley
University at Qena Governorate, Egypt, during two
seasons (2010-11 and 2011-12). The farm is located at
an altitude of 79 m above mean sea level and is
intersected by 26°10’ N latitude and 32°43" E
longitude. The soil of the experimental site is sandy-
loam throughout its profile (73.8 % sand, 16.6 % silt
and 9.6 % clay), with a pH value of 7.79, 1.92 EC
(dSm™), 0.46% organic matter content, 0.32% total N,
8.22, 191 ppm available P and K, respectively.

Experimental treatments and design

The treatments consisted two cultivars (C) i.e. Cy;
Giza 168 (Triticum aestivum L.) and C.; Sohag 2
(Triticum turgidum L. ssp. Durum) and four seeding
rates (SR) i.e. SR, (100 seeds m2), SR» (200 seeds m"
2), SRs; (300 seeds m=), SR; (400 seeds m=2). The
experiment was laid out Randomized Complete Block
Design (RCBD) with split plot arrangement keeping
cultivars in main plots and seeding rate in sub plots
having three replications. Individual sub-plots were

3.0 m wide and 4 m long.

Cultural practices

Seeds of wheat cultivars "Giza 168 and Sohag 2" were
hand sown on 15 and 17 November in the first and
second seasons, respectively using the usual dry
method of sowing (Broadcasting). The preceding
summer crop was sorghum in both seasons. N, P-Os
and KO fertilizes were applied at the rates of 230, 55
and 60 kg ha?, respectively. The phosphorus and

potassium fertilizers were applied at the time of

sowing. N fertilizer was applied in three equal doses;
the first, during soil preparation, and the second and
third after 21 and 42 days from sowing, respectively.
Other agronomic practices were applied normal and

were uniform for all treatments.

Measured traits

At harvest time, ten fertile stems were taken at
random from each sub-plot for measuring plant
height, number of kernels per spike and weight of
kernels per spike. Number of spikes, was recorded on
one square meter for each plot. Grain and straw yields
were determined at harvest on plot basis. Grain
protein content on dry matter basis was determined
by the Kjeldahl method according to AOAC, (1995).

Statistical analysis

All measurements were subjected analysis of
variance appropriate for the randomized complete
block, split plot design, with cultivars as the main
plots and seeding rates as split plots. Treatment
means were separated using the Duncan’s multiple
range test (Steel and Torrie, 1980). Probability levels
lower than 0.05 were categorized as significant. All
data analyses were accomplished using the COSTAT
system for windows, version 6.311 (CoHort software,
Berkeley, CA, USA).

Results and discussion

The results in the following section are based on the
order of statistical significance, which ranges from the
highest level interaction to the main effects of
treatments. If there was a statistically significant
interaction, then the main effects of the treatments

and their interactions are presented.

Yield components

Data in Table 1 indicated that plant height was
significantly affected by different seeding rates (P <
0.01), cultivars (P < 0.05) and seeding rate x cultivar
interaction (P < 0.05). Giza 168 (C:) and seed rate of
300 seeds m2 (SR3) produced the tallest plants; 113.3
and 125.0 in 2010-11 and 2011-12, respectively.
Conversely, the shortest plants of 80.0 and 78.3 cm in

2010-11 and 2011-12, respectively were obtained from
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the Sohag 3 cultivar (C>) sown at the rate of 100 seeds
m2 (SR, Table 2). The difference in plant height of
the varieties was attributed to difference in their

genetic make up. These findings were in line Khaliq et

polynomial and its fitting to the determination
coefficient (R2) are shown (Table 3). The regression
analysis revealed that plant height of Sohag 3

increased linearly (R2 = 0.91) with seeding rate, while

al., (1999). The

significance of the analyzed

regression equation was not significant in Giza 168.

Table 1. Mean of squares from analysis of variance of some traits of wheat in 2010-11 and 2011-12 seasons

Source of df Plant Spikeper Kernels Kernel Grain  Straw Harvest Protein %
variance height m2 per spike weight yield yield index %
2010-11
Replication 2 54.17 63.54 9.766 0.002 0.029  0.0256 1.785 0.127
Cultivar (C) 1 876.0 * 17931%* 143.6%  2.400** 13.61** 5.081%* 183.4* 14.06*
Error a 2 20.17 166.8 7.275 0.014 0.0295 0.040 3.564 0.293
Seeding rate (SR) | 3 334.4** 3006 ** 08.61** 0.0315 1.586** 0.985**  15.39%* 0.002
SRxC 3 195.5 * 1350 ** 32.25 * 0.030 0.790** 0.482%* 3.987 0.035
Error b 12 38.89 220.2 7.590 0.0190 0.041 0.055 2.447 0.273
2011-12
Replication 2 27.38 52.67 11.22 0.034 0.022 0.029 1.910 0.755
Cultivar (C) 1 1320 * 14652**  99.63* 2.369** 7.986%* 2.930%* 84.79* 14.31%
Error a 2 51.54 71.17 3.151 0.0163  0.034 0.024 2.323 0.258
Seeding rate (SR) | 3 641.4%F 1072%*  96.48** 0.035 2.379%* 0.435%*  67.42%* 0.145
SRxC 3 355.6%* 302.4% 53.20%*  0.009 0.433** 0.507** 1.736 0.160
Error b 12 48.40 68.92 6.138 0.026 0.0582 0.045 2.758 0.137

* and ** Denotes significance at 0.05 and 0.01 probability levels, respectively.

Table 1 reveals that seeding rate, cultivar and their
interaction significantly (P < o0.01) affected the
number of spikes per square meter. More spikes per
square meter were obtained as the seeding rate was
increased (Table 2). Sowing 400 seeds m=2 (SRy)
produced the maximum number of spikes per square
meter (292 and 291), and the lowest (241 and 254) in
2010-11 and 2011-12, respectively obtained from
sowing 100 seeds m2 (SR:). Meanwhile, SR; and SR,
not differ significant between them for spikes per
square meter in both seasons. Giza 168 produced the
highest number of spikes per square meter. The
highest number of spikes per square meter for Giza
168 was due to increased number of tillers as
compared to the other variety. Darwinkel et al., (1977)
and Spaner et al., (2000) found that spike density
generally increased as the seeding was increased.

Regression analysis revealed that spikes per square

meter in Giza 168 and Sohag 3 exhibited quadratic
relation (R2 = 0.88 and 0.90, respectively) to seed
rate (Table 3).

The results in Table 1 reveal that differences among
cultivars, seeding rates and the seeding rate x cultivar
interaction significantly affected the kernels per spike
in both 2010-11 and 2011-12. There was a consistent
decrease in kernels per spike with increasing seed
rate. Seeding 100 seeds m=2 (SR:) produced the
highest kernels per spike followed by 200 seeds m~
(SR>) without significant difference between them
during both seasons (Table 2). The higher grain
number obtained from the lowest seed rate can be
attributed to more light penetration through the plant
canopy. These results are in line with Ali et al,
(1996), Chaudhary et al., (2000) and Rafique et al.,
(1997), who reported that lower seeding rates
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significantly increased the number of grains. By
increasing the seed rate, the number of grains per
spike is reduced (Khan et al., 2002, and Mehrvar &
Ansari, 2006). Carr et al, (2003a) reported an
inverse relationship between seeding rate and kernel
number per spike occurred. Ci:SR. (Giza 168 cv and

seeding 200 seeds m2), and C:SR; (Sohag 3 cv and

seeding 100 seeds m-2), produced higher kernels per
spike in 2010-11 and 2011-12, respectively. These
results are in line with those of Hussain et al., (2001).
Regression analysis revealed that the number of
kernels per spike decreased linearly (R2 = 0.86, 0.70)
with seed rate for Giza 168 and Sohag 3 (Table 3).

Table 2. Effect of different seeding rates on selected yield components of bread wheat (Giza 168) and durum

wheat (Sohag 3) cultivars in 2010-11 and 2011-12 seasons.

Seeding rate (SR) 2010-11 2011-12
(Seed m=2) Cultivar (C)
Giza 168 Sohag 3 Giza 168 Sohag 3
Mean Mean
(&) (C2) (&) (C2)

Plant height (cm)
100 (SRy) 108.3 ab™ 80.0¢ 94.2 B* 103.0 be 78.3d 90.7B
200 (SR2) 96.7 c¢d 93.3d 95.0B 100.0 be 91.7¢ 95.8B
300 (SR3) 113.3a 101.7 bed 107.5 A 125.0 a 95.0 ¢ 110.0 A
400 (SRy) 110.0 ab 105.0 abc 107.5 A 109.7b 113.3a 111.5 A
Mean 107.1A 95.0 B¥ 109.4 A 94.6 B
Number of Spikes m2
100 (SR1) 264 ¢ 217d 241C 270 ¢ 238 ¢ 254 C
200 (SR>) 292 b 229d 261 B 298 b 242 e 270 B
300 (SR3) 325a 235d 280 A 315a 250 de 283 A
400 (SRy) 302 ab 283 be 202 A 303 ab 278 ¢ 201 A
Mean 206 A 241 B 297 A 253 B
Number of kernels spike
100 (SR1) 51.83 ab 52.47 ab 52.15 A 54.43 a 43.27 cd 48.85 A
200 (SR2) 55.73 a 46.07 cd 50.90 A 46.07 be 48.60b 47.33 A
300 (SR3) 50.67 be 43.07d 46.87B 46.40 be 40.07d 43.23 B
400 (SRy) 44.70d 41.77d 43.23C 40.67d 39.34d 40.01C
Mean 50.73 A 45.84 B 46.89 A 42.82 B
Kernels weight spike™ (g)
100 (SR1) 3.500 2.800 3.150 3.317 2.777 3.047
200 (SR2) 3.470 2.677 3.073 3.323 2.737 3.030
300 (SR3) 3.270 2.710 2.990 3.343 2.647 2.995
400 (SRy) 3.247 2.770 3.008 3.223 2.533 2.878
Mean 3.372 A 2.739 B 3.302 A 2.673 B

*Means within columns or rows with the same letters are not significantly different at 5% level.

**Means within rows and columns with the same letters are not significantly different at 5% level.
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Table 3. Regression equation for response of grain yield and yield components (Y) for seeding rate (X) of bread

wheat (Giza 168) and durum wheat (Sohag 3) cultivars (over 2010-11 and 2011-12 seasons)

Variables Cultivar Regression equation R?
Pant height Giza 168 Y =99.92 0.21 18
Sohag 3 Y =70.83 + 0.096 X 0.91 **
Spikes per m2 Giza 168 Y = 205.8 + 0.704 X - 0.0011 X2 0.88 **
Sohag 3 Y =242.5-0.210 X + 0.00075 X2 0.90 **
Kernels per spike Giza 168 Y =57.24-0.0337 X 0.86 **
Sohag 3 Y =51.26 - 0.0277 X 0.70 **
Kernels weight per spike Giza 168 Y =3.489 - 0.00061 X 0.45*
Sohag 3 Y=2.816 0.2171
Grain yield Giza 168 Y = 1.285 + 0.027 X + 0.000045 X2 0.92 **
Sohag 3 Y = 2.513 + 0.0036 X 0.94 **
Straw yield Giza 168 Y = 4.261 + 0.0211 X - 0.000037 X2 0.97 **
Sohag 3 Y =5.592 + 0.0016 X 0.46 *
Harvest index % Giza 168 Y =30.80 + 0.075 X - 0.000116 X2 0.74 **
Sohag 3 Y = 31.43 + 0.0188 X 0.94 **
Grain protein content % Giza 168 Y =11.93 0.003 s
Sohag 3 Y =13.63 0.19 1s

*and **: Significant at 0.05 and 0.01 probability levels, respectively.

The difference among cultivars in kernel weight per
spike was significant (P < 0.01) while differences duo
to seeding rates or seeding rate x cultivar interaction
were non-significant (Table 1). Weight of kernels per
spike was highest in Giza 168 (3.372 and 3.302 g in
first and second seasons, respectively, Table 2). The
difference in kernels weight per spike among cultivars
was attributed to their inherent potential. According
to regression analysis, kernels weight per spike
decreased linearly (R2 = 0.45) with increase in seed
rate in Giza 168, while the regression was not

significant in Sohag 3 (Table 3).

Grain and straw yields

Analysis of variance in Table 1 showed that the effect
of seeding rate on grain and straw yields were highly
significant (P < 0.01 in 2010-11 and 2011-12).
Maximum grain and straw yields were 4.357 and
6.582 t ha' in 2010-11, respectively and 4.605 and
6.654 t ha in 2011-12, respectively for the seeding
rate of 300 seeds m= (SRj3). However, the SR
(seeding 100 seeds m=2) treatment resulted in

significant grain and straw yields reduction of 26.0 %

ns: indicates not significant.

and 13.6 % in 2010-11 and 30.9 % and 9.0 % in 2011-
12, respectively, compared with the SR; treatment
(Table 4). These results are in harmony with Mennan
and Zandstra, (2005), Soomro et al., (2009) and Ali
et al., (2010). Similarly, Geleta et al., (2002) found 33
% more grain yield from wheat seeded at 65 and 130
kg ha* compared with the 16 kg ha seeding rate. The
higher grain and straw yields in the higher seeding
rates were associated with higher spike number per
square meter. Spike number m= was, therefore,
judged to be the most important component in
determining grain and straw yields. Grain and straw
yields were also significantly affected by cultivars (P <
0.01 in 2010-11 and 2011-12). Table 4 also shows that
Giza 168 produced significantly higher grain and
straw yields ha than Sohag 3 by 32.1 and 14.2% in
the first season and 24.1 and 9.8 % in the second
season, respectively. This could be due to differences
in the genetic make-up of the two studied cultivars.
These results are in line with those of Miyan and
Anderson, (2008) who found that grain yield of
durum wheat cultivars yielded 4.3% less than the

bread wheat cultivars. In the present study, there was
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a significant interaction between seeding rate and
cultivar for grain and straw yields (Table 1). In most
cases, the highest grain and straw yields were
obtained from seeding 300 seeds m=2 (SR3) for Giza
168 (C.) and 400 seeds m=2 (SRy) for Sohag 3 (C-).
The highest values of grain yield (5.644 and 5.572 t
ha in the first and second seasons, respectively) and
straw yield (7.077 and 7.472 t ha') were obtained for

CiSR; (Giza 168 and seeding 300 seeds m2), whereas,

the lowest grain yield (2.870 and 2.973 t ha?) and
straw yield (5.373 and 6.182 t ha) were obtained
from C.SR; in the first and second seasons,
respectively (Table 4). Regression analysis revealed
that grain yield (R2 = 0.92) and straw yield (R2 =
0.97) show a quadratic relation with seed rate in Giza
168, while a linear relationship was obtained between
the seeding rate and grain yield (R2 = 0.94) and straw
yield (R2 = 0.46) for Sohag 3 (Table 3).

Table 4. Effect of different seeding rates on grain and straw yields, harvest index and grain protein content of

bread wheat (Giza 168) and durum wheat (Sohag 3) cultivars in 2010-11 and 2011-12 seasons

Seeding rate (SR) 2010-11 2011-12
(Seed m2) Cultivar (C)
Giza 168 Sohag 3 Mean Giza 168 Sohag 3 Mean
(&) (C2) (&) (C2)

Grain yield (t ha?)
100 (SR1) 3.652 ¢” 2.870d 3.261C 3.597 de 2.973 f 3.285C
200 (SR2) 4.635b 3.040d 3.837B 4.894 b 3.293 ef 4.004 B
300 (SR3) 5.644 a 3.160d 4.407 A 5.572 a 3.940 cd 4.756 A
400 (SRy,) 4.849b 3.675¢ 4.262 A 5.052 b 4.293 ¢ 4.673 A
Mean 4.605 A 3.188 B 4.779 A 3.625 B
Straw yield (t ha)
100 (SR1) 5.570 cd 5.373d 5.472 A 6.409 cd 6.182d 6.296 A
200 (SR2) 6.674b 5.435d 6.055 A 7.430 a 6.387cd 6.909 A
300 (SR3) 7.077 a 5.588 cd 6.332 A 7.472 a 6.371cd 6.921 A
400 (SRy) 6.708 a 5.944 ¢ 6.326 B 7.041b 6.619 c 6.830B
Mean 6.507 A 5.585B 7.088 A 6.390 B
Harvest index (%)
100 (SR1) 39.59 be 34.80¢€ 37.20 B 35.21d 3178 e 33.50C
200 (SR2) 41.02b 35.11€e 38.07B 39.49 be 34.90 d 37.20 B
300 (SR3) 44.38 a 36.77 de 40.57 A 42.86 a 38.22¢ 40.54 A
400 (SRy) 41.95 ab 38.14 cd 40.05 A 41.71a 39.32¢C 40.52 A
Mean 41.73 A 36.21B 30.82 A 36.06 B
Grains protein content (%)
100 (SRy) 11.90 13.55 12.73 12.30 13.60 12.95
200 (SR2) 11.88 13.55 12.72 11.56 13.58 12.57
300 (SR3) 12.04 13.48 12.76 12.07 13.47 12.77
400 (SRy) 12.06 13.42 12.74 12.06 13.50 12.78
Mean 11.97 B 13.50 A 12.00 B 13.54 A

*Means within columns or rows with the same letters are not significantly different at 5% level.

**Means within rows and columns with the same letters are not significantly different at 5% level.
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Harvest index

Seed rate (P < 0.01) as well as cultivar (P < 0.05) had
significant effects on harvest index in both 2010-11
and 2011-12. On the other hand, the interaction
between the two factors was non-significant for both
years (Table 1). Giza 168 produced significantly
higher harvest index than Sohag 3. Seeding 300 and
400 seeds m2 produced the maximum harvest index
in both seasons without significant difference
between them (Table 4). However, Mollah et al.,
(2009) reported that seed rate did not have a
significant effect on harvest index of wheat in bed
planting condition. Giza 168 showed a quadratic
trend (R2 = 0.74) for harvest index for the different
seeding rates. Meanwhile, Sohage 3 showed a positive

linear trend (R2 = 0.94) for harvest index (Table 3).

Grain-protein concentration

Grain-protein concentration was not affected by
seeding rate or seeding rate x cultivar interaction
(Tables 1, 4). These results are supported by the
findings of others (Khaliq et al.,1999, Hussain et al.,
2001, Patrick et al., 2003, Carr et al., 2003b, Ozturk
et al., 2006 and Nakano & Morita, 2009) who found
that wheat grain protein concentration was unaffected
by seeding rate. On the other hand, Bavec et al.,
(2002) and Geleta et al., (2002) reported that grain

protein concentration declined as seeding rate

increased. Seeds of Sohag 3 were significantly higher
in protein content than those of Giza 168 in both
seasons (Table 4). According to regression analyses,
there was neither linear nor quadratic relationship
between protein concentration and seed rate for both

cultivars (Table 3).

Correlation coefficients

Simple correlation coefficients calculated over
treatments in 2010-11 and 2011-12 are given in Table
5. Grain yield was positively and significantly
correlated with plant height (r = 0.626 and 0.750),
number of spike per square meter (r = 0.906 and
0.901), kernels weight per spike (r = 0.618 and
0.518), straw yield (r = 0.948 and 0.835) and harvest
index (r = 0.934 and 0.921) in 2010-11 and 2011-12,
respectively. This indicated that increasing these
attributes, invariably resulted increased in grain yield.
In most of the previous studies, similar results have
been reported by Khan et al., (1999), Dokuyucu and
Akkaya, (1999), Mondal and Khadjura, (2001).
Meanwhile, grain yield was not significantly
correlated with number of kernels per spike (r =
0.203 and -0.196, in 2010-11 and 2011-12,
respectively). Conversely, grain yield was negatively
and significantly correlated with grain protein content
(r = -0.688 and -0.643) in 2010-11 and 2011-12,

respectively.

Table 5. Simple correlation coefficients of grain yield ha as affected by yield components (2010-11 and 2011-12

seasons)

Variables 2010-11 2011-12
Y: Grain yield ha

1-Pant height 0.626 ** 0.750 **
2-Spikes per m? 0.906 ** 0.901 **
3-Kernels per spike 0.203 s -0.196 s
4-Kernels weight per spike 0.618 ** 0.518 **
5-Straw yield ha! 0.948 ** 0.853 **
7-Harvest index % 0.934 ** 0.921 **
8-Grain protein content % -0.688 ** -0.643 **

* and **: Significant at 0.05 and 0.01 probability levels, respectively.

ns: indicates not significant.
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Conclusions

There were significant differences between cultivars
in all studied traits in both years. In addition,
significant differences due to seeding rates on all
traits except weight of kernels per spike and grain
protein concentration in the first and second seasons
were found. The interaction between cultivar and
seeding rate was significant for all studied traits
except weight of kernels per spike, harvest index and
grain protein concentration. The highest grain and
straw yields were obtained from seeding 300 seeds m-
2 or 400 seeds m2 when planting Giza 168 or Sohag 3
cultivars, respectively. Based on these results, it is
recommended to sow 300 seeds m2 (150 kg ha) for
planting bread wheat (Giza 164), or 400 seeds m™
(180 kg ha) for planting durum wheat (Sohage 3) to
obtain the highest grain and straw yields.
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