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Influence of Sowing Dates, Nitrogen Fertilizer under Low Rates and Foliar with
Boron on Production and Quality of Wheat
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ABSTRACT

The present work was conducted at the Experimental Farm of the Agriculture Research Center in Al-Azhar Univ. at Assiut,
Governorate during 2016/2017 and 2017/2018 seasons to study the effect of three sowing dates (1% November, 15" November and 1%
December), nitrogen fertilizer three rates (30, 50 and 70 kg N /fad.) and foliar application with boron (control, 50 and 100 ppm) on the
production and quality of wheat (cv. Sids-12). The experiments were performed in a split-split plot design with replicates three, where
sowing dates were assigned to the main plot, while nitrogen rates and boron were distributed randomly in the sub and sub-sub plot,
respectively.The obtained results showed that sowing dates significant effect in plant height, flag leaf area, number of grains/spike, 1000-
grains weight (g) and carbohydrate percentage in both seasons, except number of spikes/m’ in the second season only, as well as grain
yields ton/fad in the first season only . On the other hand, number of tillers/plant, straw yield ton/fad. and protein percentage didn't show
significant effects in both seasons. In generally, sown wheat in 15- November produced the highest values in all studied traits except of
1000-grains weight (g), in the first season only from sowing on 1- December. Increasing the level of nitrogen fertilizer from 30 or 50 to
70 kg N /fad. caused a significant increases in all traits under study in both seasons, except straw yield ton/fad. in the second season only.
Foliar application with boron significant increases in all studied characters, i.e. plant height, no., of tillers/plant, flag leaf area, no. of
spikes/m”, number of grains/spike and 1000-grains weight (g) as well as grain and straw yields/fad. Also, such treatment increased
protein and carbohydrate percentages of wheat grains.In general, the highest value of grain yield/ fad. and quality were obtained from
sowing wheat on the 15" Nov. when received 70 N / fad. and boron foliar application concentration of 100 ppm under Assiut conditions.
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INTRODUCTION

Wheat (Triticum aestivum L.) is one of the most
important grain crops grown in the world and plays a major
role in economic activity. It is used as stable food grains
for urban and rural communities and as a major straw
exporter for animal feed. In Egypt, the cultivated area was
about 3 million feddans annually. The cultivated area of
wheat should be increased in the reclaimed lands because
of the limited areas of the Nile Valley and the main crop
competitor. Therefore, improving the quantitative and
qualitative characteristics of wheat has been the goal of
many researchers.

Changes in climate factors are felt around the world
in the form of changes in temperature and precipitation
patterns. An increase in ambient CO, is usually considered
beneficial as it results in increased photosynthesis in crops,
especially those with C; mechanism of photosynthesis as
wheat crop. Adaptation options such as growing improved
varieties, change in sowing date can reduce the impacts of
climate change on wheat crop. Sowing date is one of the
most important agricultural factors that determine crop
productivity especially wheat crop, which affects the
duration of the vegetative and reproductive stages. Gheith
et al. (2013) found that sowing dates showed significant
differences for all studied characters (plant height, number
of tillers/m” and straw yield), produced the highest values
at early sowing (25 November) in both seasons. Fadle ef al.
(2016) showed that plant height, number of spikes/m’,
number of grains/spike, 1000-grains weight as well as
grain and straw yields/fad., were significantly higher on
November, 30™ sowing as compared to other sowing dates.
Abd El-Hadi et al. (2018) reported that the early wheat
sowing on 15™ Nov. appeared to be produced the highest
plant height, number of grains/spike, 1000-grains weight
(g) and grain yield/ fad.

Nitrogen plays a major role in the growth and
development of the plant, and reduces its lack of the
presence of leaves and roots, loss of the efficiency of
representation and the disorder of all metabolic functions
(Marschner,1995). Bayoumi and El-Demardash (2008)

reported that increasing nitrogen fertilizer level (40 to 120
kg N/fad.) to wheat increased the 1000-grains weight,
protein and carbohydrate percentage. Gehan et al. (2011)
showed that increased nitrogen fertilizer at rates 35 and 70
to 105 kg N/fed. significantly increased plant height, no., of
spikes/ m® , number of grains/spike, 1000-grains weight,
straw yield, protein and carbohydrate percentages. Santosh
(2011) indicated that nitrogen levels supply on plant height
and flag leaf area were significantly enhanced at all applied
treatments. Fadle et al. (2016) showed that nitrogen
fertilizer levels affected significantly all studies traits (plant
height, number of spikes/m”, number of grains/spike, 1000-
grains weight, straw yield ton/fad. and grain yield
ard./fad.).

Boron is one of the essential micronutrients needed
for plant growth and productivity. Plays an important role
in cell wall synthesis, RNA metabolism and root
elongation as well as phenol metabolism. Also, boron
participates in the growth of pollen and tube (Marschner,
1995; Srivastava and Gupta,1996). Islam and Jahiruddin
(2008) showed that foliar application had significant and
positive effect on the grain nitrogen concentration
indicating that boron helped protein synthesis. Tahir ef al.,
(2009) showed that foliar application with boron
significantly increased number of grains per spike, 1000-
grain weight and grain yield on wheat. Rehman et al.
(2012) pointed that foliar spraying of boron significant
increased on plant height, no. of tillers (m?), number of
grains/spike, 1000-grains weight (gm), Straw yield
(ton/ha.) and grain (ton/ha.). Mahdi et al. (2013) showed
that application of boron on wheat caused significant
increase on no. of spikes/ plant, 1000 grain weight and
grain yield. Rawashdeh and Sala (2014) reported that foliar
application of boron had positive effect on growth, yield
and yield parameters of wheat crop.

Therefore, the present study aimed to investigate
the effect of three sowing dates, three nitrogen fertilizer
rates and foliar application with boron on the production
and quality of wheat under Assiut Governorate conditions.
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MATERIALS AND METHODS

The present investigation was carried out conducted
at the Agricultural Exp., Farm of the Agric., Research
Center in Al-Azhar Univ. at Assiut, during 2016/2017 and
2017/2018 seasons to study the effect of three sowing dates
[1 November (early), 15™ November (moderate) and 1%
December (late), different nitrogen fertilizer rates (30, 50
and 70 kg N /fad.) and foliar application with boron
(control, 50 and 100 ppm) on the production and quality of
wheat (cv. Sids-12). A randomized completed blocks
design in split-split plot arrangement with three
replications were used planting dates were assigned to the

main plot, nitrogen fertilizer rates were distributed
randomly in the sub plots and boron were allocated to the
sub —sub plots. The experimental unit comprised each
3.5m long and 3.0 m wide (10.5 m® in area = 1/400/ fad.).
Nitrogen rates under test were 30, 50 and 70 kg N /fad. as
ammonium nitrate (33.5%N) applied in two equal doses at
first irrigation and second irrigation. Boron was used boric
acid (H3Bos 17% boron) a source of boron and applied as
foliar at 30 and 60 days after sowing. All other practices
were uniformly applied as recommended for wheat
production in the region. The physical and chemical
analyses of the experimental site are presented in Table (1).

Table 1. The mechanical and chemical analysis of soil field experiments:

Mechanical analysis 2016/17 2017/18 Chemical analysis 2016/17 2017/18
Sand (%) 25.68 26.85 Organic matter (%) 0.94 1.05
Silt (%) 39.46 38.28 Available N (ppm) 63.50 70.20
Clay (%) 34.86 34.87 Available P(ppm) 9.14 10.20
Available K (ppm) 348.30 355.00
Soil texture Clay loam ]5 2((5(12 r61]5_1)) Z?g ??é
Total CaCos (%) 2.80 2.50

Meteorological data (monthly temperature °C and
relative humidity) of Assiut district during the two growing

seasons of 2016/2017 and 2017/2018 were shown in Table
2).

Table 2. Meteorological data recorded at Assiut Station 2016/2017 and 2017/2018 seasons . **

Month 2016/2017 2017/2018

T-max°C T -min °C R.H% T —max °C T —min °C R.H%
November 27.66 13.72 42.92 25.36 11.45 46.50
December 18.92 6.04 60.23 23.00 10.17 49.10
January 18.90 542 48.59 19.91 5.48 51.80
February 20.48 5.46 42.05 24.40 10.53 32.84
March 26.16 10.18 32.60 31.09 13.85 23.52
April 31.90 15.28 24.44 32.76 15.78 24.45
** Weather Bureau Station.
Studied characters:- C-Grain quality:-

A- Growth characters:-

After 90 days from sowing, 10 plants were
randomly selected from each treatment and the following
data were recorded:-

1- Plant height (cm).

2- Number of tillers/plant.

3- Flag leaf area (cm?): the flag leaf area was calculated
using the following equation of Palamiswamy and
Gomex (1974).

Leaf area (L.A) = K (LxW).

‘Where: L= leaf length, W = maximum width of the leaf.

K=factor of 0.75

B- Yield and yield components:

1- Number of spikes/m”: counted in randomly chosen one

meter square in each plot.

2- Number of grains/spike.

3- 1000-grain weight (g): average weight of 1000-grain
randomly taken from each plot.

4- Grain yield (ton/fad.): weight of grains harvested from
each plot converted to ton (ton = 1000 kg)

5- Straw yield (ton/fad.): it was calculated by subtracting
grain yield from the total yield for each plot and
converted to ton/fad.
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1- Protein (%): Protein percentage in the dry grains were
calculated by multiplying N% by the factor of 5.70
which determined by using the micro Kjeldahl method
as described by A.A.C.C (2000).

2- Carbohydrate (%): Total carbohydrate percentage in
the dry grains were estimated using the method
described by Dubois et al. (1956).

Statistical analysis:-

The results were statistically analyzed according to
Gomez and Gomez (1984) using the computer MSTAT-C
statistical analysis package by Freed et al. (1989). The least
significant differences (LSD) test at probability level of
0.05 was manually calculated to compare the differences
among means.

RESULTS AND DISCUSSION

A- Growth characters:-
1- Plant height (cm).

Results in presented in Table (3) show a significant
effect for sowing dates on plant height (cm) in 2016/2017
and 2017/2018 seasons. Tallest plants (59.90 and 59.86
cm) were observed at moderate sowing (15" November),
while shortest plants (55.90 and 57.66 cm) were recorded
at early sowing (1* November) in both seasons,
respectively. This finding might be attributed to the
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favorable temperature conditions beside other optimum
environmental factor that encouraged growth and early
development of plant sown moderate in November rather
than those sown early November and December. These
results are in agreement with those obtained by Gheith et
al. (2013), Fadle et al. (2016) and Abd El-Hadi e al
(2018).

The results revealed that the application of nitrogen
fertilizer rates to wheat plants exerted a significant
influence on plant height (cm) in both seasons. The highest
values (61.53 and 62.75 cm) were obtained when nitrogen
was applied at a rate of 70 kg N/ fad. in both seasons,
respectively. These result are in harmony with those
obtained by Gehan et al. (2011), Santosh (2011) and Fadle
et al. (2016). This may be due to the role N plays that in
plant growth and development. Nitrogen shortage resulted
in reduction in foliage and roots expansion, loss in
photosynthetic efficiency and disturbance of all metabolic
functions. This, in turn could enhance the plants to produce
more assimilates which was reflected in high plant height.

The foliar application with boron to wheat plants
exerted a significant influence on plant height (cm) in the
first and the second seasons. In general, plant height (cm)
were increased gradually with increasing boron levels from
0.0, 50 to 100 ppm in both seasons.These results could
have been attributed to improved photosynthesis activity
and activity. These results are consistent with this obtained
by Rehman et al. (2012)

Results in Table (3) indicated that, the interaction
between sowing dates x boron had significant effect on this
trait the first season only where the highest value of 63.88
cm was obtained from sowing wheat in 15™ November and
100 ppm boron, also, plant height was significantly
affected by the interaction between nitrogen x boron in the
first season only. The second order interaction exerted
significant effect on plant height in 2016/2017 season only,
where the highest value of 68.57 cm was obtained from
sowing wheat plants in 15™ November when received 70 N
/ fad. and 100 ppm boron.

Table 3. Plant height (cm) of wheat plant as affected by sowing dates, nitrogen fertilization, boron spraying and

their interaction in the two seasons.

Characters Plant height(cm)
Seasons 2016/2017 2017/2018
Sowing Nitrogen fertilizers Foliar with boron (ppm) Mean Foliar with boron (ppm) Mean
dates (kg/fad.) Cont. 50 100 Cont. 50 100
30 50.10 54.00 52.22 52.10 50.05 53.66 55.21 52.97
November 1* 50 51.14 57.93 59.12 56.06 53.86 58.74 60.58 57.72
70 55.01 60.13 63.45 59.53 57.14 65.18 64.54 62.28
Mean 52.08 57.35 58.26 55.90 53.68 59.19 60.11 57.66
30 52.71 56.59 59.28 56.19 51.58 56.53 60.08 56.06
November 15" 50 55.65 60.44 63.80 59.96 56.02 61.17 64.40 60.53
70 57.72 6431 68.57 63.53 57.62 63.23 68.17 63.00
Mean 55.36 60.44 63.88 59.90 55.07 60.31 64.21 59.86
30 50.96 54.81 57.22 54.33 51.47 55.00 57.12 54.53
December 1% 50 54.22 60.21 62.00 58.81 55.36 59.84 61.28 58.82
70 57.04 62.60 64.9 61.53 59.13 63.08 66.74 62.98
Mean 54.07 59.20 61.39 58.23 55.32 59.30 61.71 58.78
30 51.25 55.13 56.24 54.21 51.03 55.06 5747 54.52
Means of N-rates 50 53.67 59.52 61.64 58.27 55.08 59.91 62..08 59.02
70 56.59 62.34 65.66 61.53 57.96 63.83 66.48 62.75
Mean 53.83 59.00 61.18 54.69 59.60 62.01
L.S.D. at 5% for 2016/2017 2017/2018
Sowing dates (S) 0.92 1.61
Nitrogen (N) 0.27 1.28
Boron (B) 0.38 1.09
SXN NS NS
SX B 0.66 NS
NXB 0.66 NS
SXNXB 1.45 NS

2- Number of tillers/plant.

Results in Table (4) showed that, the two studied
sowing dates did not significantly differed in number of
tillers/plant in 2016/2017 and 2017/2018 seasons.

Results indicated that nitrogen rates had a
significant effect on no., of tillers/plant in both seasons.
Maximum number of tillers/plant (3.03 and 3.21) were
observed at nitrogen rate of 70 kg N/ fad., while at 30 kg
N /fad., rate of nitrogen, minimum number of tillers/plant
(196 and 2.29) were recorded in both seasons,
respectively.

The foliar application with boron to wheat plants
exerted a significant influence on number of tillers/plant in
both seasons. In general, number of tillers/plant were
increased gradually with increasing boron levels from 0.0,
50 to 100 ppm in both seasons. These results could have
been attributed to improved photosynthesis activity and
activity. These results are consistent with this obtained by
Rehman et al. (2012)

The Results revealed that, no., of tillers/plant were
not affected significantly by the interactions among
experiment factors.
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Table 4. Number of tillers/plant of wheat plant as affected by sowing dates, nitrogen fertilization, boron spraying
and their interaction in the two seasons.

Characters Number of tillers/plant
Seasons 2016/2017 2017/2018
Sowing Nitrogen fertilizers Foliar with boron (ppm) Mean Foliar with boron (ppm) Mean
dates (kg/fad.) Cont. 50 100 Cont. 50 100
30 1.42 1.82 2.11 1.78 1.72 2.16 2.57 2.15
November 1* 50 2.02 2.36 2.84 2.40 2.28 2.68 3.26 2.74
70 2.68 2.88 3.23 2.93 2.81 2.88 3.51 3.06
Mean 2.04 235 2.72 2.37 2.27 2.57 3.11 2.65
30 1.77 2.17 2.50 2.14 1.99 2.42 3.02 2.47
November 15" 50 227 2.53 3.10 2.63 243 2.88 3.12 2.81
70 297 3.20 3.53 223 3.20 3.46 3.72 3.46
Mean 2.33 2.63 3.04 2.67 2.54 2.92 3.28 291
30 1.62 1.96 2.28 1.95 1.78 223 2.78 2.26
December 1% 50 2.11 2.14 2.68 2.31 2.36 2.78 3.29 2.81
70 2.78 3.02 3.00 293 2.61 3.12 3.58 3.10
Mean 2.17 2.37 2.65 2.40 2.25 2.71 3.21 2.72
30 1.60 1.98 2.29 1.96 1.83 227 2.79 2.29
Means of N-rates 50 213 2.34 2.87 2.45 235 2.78 3.22 2.78
70 2.81 3.03 3.25 3.03 2.87 3.15 3.60 321
Mean 2.18 2.45 2.80 2.35 2.73 3.20
L.S.D. at 5% for 2016/2017 2017/2018
Sowing dates (S) NS NS
Nitrogen (N) 0.22 0.31
Boron (B) 0.23 0.30
SXN NS NS
SX B NS NS
NXB NS NS
SXNXB NS NS
3- Flag leaf area (cmd). wheat plants on 15™ Nov. in the first and the second

The results presented in Table (5) revealed that the  seasons, resp., However, the lowest one of this trait
flag leaf area (cm”) was significantly affected by sowing  (23.24and 23.42 cm?) from sown in 1* Nov. in the first and
dates in two seasons. The highest means of flag leaf area  the second seasons, respectively.

(25.39 and 25.87 cm®) were obtained on account of sowing

Table 5. Flag leaf area (cm®) of wheat plant as affected by sowing dates, nitrogen fertilization , boron spraying and
their interaction in the two seasons.

Characters Flag leaf area (cm®)
Seasons 2016/2017 2017/2018
Sowing Nitrogen fertilizers Foliar with boron (ppm) Mean Foliar with boron (ppm) Mean
dates (kg/fad.) Cont. 50 100 Cont. 50 100
30 2094 2275 22.80 22.16  21.01 2230 2322 22.17
November 1% 50 2137 22.69 25.10 23.05 21.74 2362 24.40 23.25
70 2292 2471 25.88 2450  23.15 2462 26.70 24.82
Mean 21.74  23.38 24.59 2324 2196 2351 24.77 23.42
30 2278 2427 25.10 2405 2322 2443 25.51 2438
November 15" 50 2383 2554 26.71 2536 2531 2574 27.27 26.10
70 2536  27.02 27.93 2677 2569  27.10 28.59 27.12
Mean 2399  25.61 26.58 2539 2474 2575 27.12 25.87
30 2192 2285 23.63 2281 2202 2329 24.35 23.22
December 1% 50 2255  23.86 24.90 2377 2271 2465 2549 2428
70 23.65  25.64 26.96 2532 2418 2621 27.48 25.95
Mean 2270 2411 25.07 2396 2297 2471 25.77 24.48
30 21.88  23.29 23.84 23.00 22.08 2334 24.36 23.26
Means of N-rates 50 2258  24.03 25.57 2406 2325  24.67 25.72 24.54
70 2397 2579 26.83 2553 2434 2597 27.59 25.96
Mean 22.81 2437 2541 2322  24.66 25.89
L.S.D. at 5% for 2016/2017 2017/2018
Sowing dates (S) 0.65 0.83
Nitrogen (N) 0.24 0.49
Boron (B) 0.39 0.56
SXN NS NS
SX B NS NS
NXB NS NS
SXNXB NS NS
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It could be concluded that varying the applied
nitrogen rates had a significant effect on this trait in
2016/2017 and 2017/2018 seasons, where the highest flag
leaf area values (25.53 and 25.96 cm?) were obtained when
nitrogen was applied at a rate of 70 kg N/ fad. in first and
second  seasons, respectively. These results can be
attributed to plant growth and the representation of the lack
of nitrogen in the plant tissues and the development of the
lack of nitrogen in the tissues. Our results in a good deal
with this have been obtained by Santosh (2011).

It could be concluded that applied boron had
significant effect on flag leaf area cm” in both seasons,
where the highest flag leaf area (25.41 and 25.89 cm?)
were obtained when boron was applied at a level of 100
ppm in both seasons, respectively. Boron plays an
important role in the synthesis of DNA synthesis and root
elongation as well as phenol metabolism. . The results of
the effect boron on flag leaf area obtained in the study are
in agreement with this obtained by Rawashdeh and Sala
(2014).

All studied interactions had no significant effect on
such character in the two seasons.

B- Yield and yield components:
1- Number of spikes/m™

The results presented in Table (6) revealed that the
number of spikes/m’ were significantly affected by sowing
dates in the second season only. The highest means of no.,
of spikes/m’ (315.28) were obtained on account of sowing
wheat plants on 15™ Nov. in the second season. However,
the lowest one of this trait (310.52) in the second season
was obtained from sowing on 1* Nov. The increase in the

number of spikes due to sowing during 15 Nov. may be
attributed to corresponding environmental conditions in
order to maximum wheat growth and development. These
results are in line with this obtained by Fadle et al. (2016)

The results revealed that the application of nitrogen
fertilizer rates to wheat plants exerted a significant
influence on number of spikes/m” in2016/2017 and
2017/2018 seasons. The highest values (328.09 and
333.23) were obtained when nitrogen was applied at 70 kg
N/ fad. in both seasons, respectively. This may be due to
the role N plays that in plant growth and development.
Nitrogen shortage resulted in reduction in roots expansion
and foliage, loss in photosynthetic efficiency and
disturbance of all metabolic functions. This, in turn could
enhance the plants to produce more assimilates which was
reflected in high number of spikes. These results are in
harmony with those obtained by Gehan et al. (2011) and
Fadle et al. (2016).

The foliar application with boron to wheat plants
exerted a significant influence on no., of spikes/m® in the
first and the second seasons. In general, numbers of spikes/
m’ were increased gradually with increasing boron levels
from 0.0, 50 to 100 ppm in both seasons. These results
could have been attributed to improved photosynthesis
activity and activity. These results are consistent with this
obtained Mahdi et al. (2013)

The presented Table (6) results show that number
of spikes/m” were significantly affected by the interactions
of nitrogen x boron in the second season only. The other
interactions did not show significant effect on this trait.

Table 6. Number of spikes/ m” of wheat plant as affected by sowing dates, nitrogen fertilization, boron spraying

and their interaction in the two seasons.

Characters Number of spikes/m”
Seasons 2016/2017 2017/2018
Sowing Nitrogen fertilizers Foliar with boron (ppm) Mean Foliar with boron (ppm) Mean
dates (kg/fad.) Cont. 50 100 Cont. 50 100
30 269.01 285.83 33226  295.69 26459  290.14 311.47 288.73
November 1* 50 28493 309.07  327.41 307.13  290.08  313.10 333.40 312.19
70 306.03 330.10  340.74 32562  310.54 33552 345.85 330.63
Mean 286.65  308.23 33347 30948  288.04  312.92 330.24 310.52
30 262.10 290.52 32044  291.02  272.11 294.25 310.09 292.15
November 15" 50 29045 31338 33245 312.09 29424  318.80 340.15 317.73
70 31139 336.01 34550 33096 31625  340.63 351.00 335.96
Mean 28798 31330 33279 31136 29420  317.89 333.74 315.28
30 262.62  287.23 309.11 28632 263.15  263.15 292.00 289.45
December 1% 50 288.50 311.06  329.00  309.52 31322  292.16 315.11 314.36
70 308.64 332.10 34232 327.68 31232  338.14 348.85 333.10
Mean 286.58  310.13 326.81 307.84  289.21 315.08 332.62 31230
30 264.57 287.85 320.60  291.01 266.61 292.13 311.59 290.11
Means of N-rates 50 287.96 311.17  329.62 309.58 29216  315.67 33645 314.76
70 308.68 332.73 342.85 32809  313.03  338.09 348.56 33323
Mean 287.07  310.58 331.02 290.60 31529 332.20
L.S.D. at 5% for 2016/2017 2017/2018
Sowing dates (S) NS 1.89
Nitrogen (N) 6.46 0.17
Boron (B) 6.73 2.01
SXN NS NS
SX B NS 3.49
NXB NS NS
SXNXB NS NS
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2- Number of grains/spike.

Results in Table (7) showed that, sowing dates had a
significant effect on this trait in 2016/2017 and 2017/2018
seasons. As seen from obtained results, sowing wheat plants
on 15™ Nov. achieved maximum increase in number of
grains/spike (50.67 and 51.86) in the two seasons,
respectively. On contrary of that, the lowest means of
number of grains/spike (44.94 and 46.37) were product due
to sowing wheat plants on 1* Nov. in the first and the second
seasons, respectively. The influence factor in the highlands
in the 15th Nov. on number of grains/spike to the
environmental condition during this period. Calculation
increase the accumulation of dry matter. These results are
consistent with those obtained by Fadle et al. (2016) and
Abd El-Hadi et al. (2018).

Results indicated that nitrogen rates had a significant
effect on no., of grains/spike in both seasons. The highest
number of grains/spike were (50.57 and 52.56) achieved by
plants fertilized with the highest nitrogen rate (70 kg N/ fad.)
in both seasons, respectively. This may be due to that
nitrogen fertilizer increased the vegetative growth of wheat,
in addition to the role of nitrogen fertilizer in enhancing the

photosynthesis process. Furthermore, nitrogen might have
encouraged wheat growth and caused the significant
increase in number of grains/spike. These results are in
agreement with those obtained Gehan et al. (2011) and Fadle
et al. (2016).

The foliar with boron at 50 to 100 ppm had a
significant increase in the number of grains/spike to
untreated plants in the both seasons (Table 7). Boron plays
an important role in cell wall synthesis, RNA metabolism
and root elongation as well as phenol metabolism. The
results of boron in number of grains/spike obtained in the
study are in agreement with those obtained by Tahir et al.
(2009) and Rehman et al. (2012).

Results in Table (7) indicated that, the interaction
between sowing dates x nitrogen had significant effect on
this trait the first season only where the highest value of
53.50 was obtained from sowing wheat in 15" November
and received 70 N / fad., also, number of grains/spike were
significantly affected by the interaction between nitrogen x
boron in the first season only, where the highest value of
52.58 was obtained from when received 70 N / fad. and 100
ppm boron.

Table 7. Number of grains/spike of wheat plant as affected by sowing dates, nitrogen fertilization, boron spraying

and their interaction in the two seasons.

Characters Number of grains/spike
Seasons 2016/2017 2017/2018
Sowing Nitrogen fertilizers Foliar with boron (ppm) Mean Foliar with boron (ppm) Mean
dates (kg/fad.) Cont. 50 100 Cont. 50 100
30 40.00 42.03 45.10 42.37 40.05 4325 4500  42.76
November 1% 50 42.75 4424 46.11 4436 4422 4639 4814  46.25
70 46.02 48.00 50.21 48.07 4741 50.90  52.04  50.11
Mean 42.92 44.75 47.14 44.94 43.89 4684 4839 4637
30 46.00 49.50 51.73 49.07 4546 4952 5140 4879
November 15" 50 47.54 49.11 51.72 4945 4939 5135 5351 5141
70 51.55 5341 55.54 53.50 53.09 5539 57.62 5536
Mean 48.36 50.67 52.99 50.67 49.31 52.08 5417  51.86
30 41.05 44.20 46.41 43.88 4197  46.00 4781  45.26
December 1% 50 44.18 46.87 48.51 46.52 46.02 4898  50.14  48.38
70 48.01 50.41 51.99 50.13 4922  53.02 5437 5220
Mean 44.41 47.16 48.97 46.84 4573 4933 5077  48.61
30 4235 45.24 47.74 45.11 4249 4625 48.07  45.60
Means of N-rates 50 44.82 46.74 48.78 46.78 46.54 4890 5059  48.68
70 48.52 50.60 52.58 50.57 4990  53.10 54.67  52.56
Mean 45.23 47.53 49.70 46.31 4942  51.11
L.S.D. at 5% for 2016/2017 2017/2018
Sowing dates (S) 0.70 1.44
Nitrogen (N) 0.24 1.61
Boron (B) 0.41 0.68
SXN 0.41 NS
SX B NS NS
NXB 0.70 NS
SXNXB NS NS

3- 1000-grain weight (g).

Data in Table (8) showed that sowing dates of wheat
plants had significant effect on 1000~ grains weight in both
seasons. It was detected that the highest values of 1000-
grains weight g (39.75 and 40.84 g) in the first and the second
seasons, respectively, were derived from sowing wheat on 1%
Dec. in the first season, while in the second season its resulted
from sowing on 15™ Nov., respectively. The results may be
due to the effect of environmental conditions i.e. temperature
and light intensity which allow to better establishment and
vegetative growth, hence formation good canopy to
increasing photosynthesis process, which might interpret the
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increase grain yield /plant and this might account much for a
good grain filling and subsequently higher grains index.
These results are in line with those obtained by Fadle et al.
(2016) and Abd El-Hadi et al. (2018)

Applications of nitrogen fertilizer to wheat plants had
a significant effect on 1000- grains weight in two seasons.

The highest 1000- grains weight values (40.56 and
40.48 g) were obtained when nitrogen was applied at 70 kg
N/ fad. in both seasons, respectively. This reflects the
important of nitrogen in building up the photosynthetic area
of wheat plants and consequently accumulation of more dry
matter, which is reflected in 1000- grains weight. These
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results are in accordance with those found by Bayoumi and
El-Demardash (2008), Gehan et al. (2011) and Fadle et al.
(2016).

The application of boron to wheat plants exerted a
significant influence on 1000~ grains weight in both seasons.

In general, the highest 1000- grains weight were
recorded when boron extract applied to wheat plants at rate of
100 ppm in 2016/2017 and 2017/2018 seasons. This may be
due to that boron increased the vegetative growth of wheat, in
addition to the role of boron in enhancing photosynthesis
process. These results are in accordance with those found by
Tahir et al. (2009), Rehman et al. (2012) and Mahdi et al.
(2013).

The interaction between sowing dates x boron had
significant effect on 1000- grains weight in the second season
only, where the highest value of 44.47 g was obtained from
sowing wheat in 1% December and 100 ppm boron, also,
1000- grains weight were significantly affected by the
interaction between nitrogen X boron in the second season
only. The second order interaction exerted significant effect
on 1000- grains weight in 2017/2018 season only, where the
highest value of 43.61 g was obtained from sowing wheat
plants in 15" November when received 70 N / fad. and 100
ppm boron.

Table 8. 1000-grains weight (g) of wheat plant as affected by sowing dates, nitrogen fertilization, boron spraying

and their interaction in the two seasons.

Characters 1000-grains weight (g)
Seasons 2016/2017 2017/2018
Sowing Nitrogen fertilizers Foliar with boron (ppm) Mean Foliar with boron (ppm) Mean
dates (kg/fad.) Cont. 50 100 Cont. 50 100
30 3233 3324 3595 33.84 33.85 34.51 46.63 3833
November 1* 50 33.01 3541 36.91 35.11 35.96 37.21 38.00 37.05
70 3510 3693 38.36 36.79 36.01 38.90 39.71 38.20
Mean 3348 3519 37.07 35.24 35.27 36.87 41.44 37.86
30 36.66  37.74 3941 37.93 38.17 3932 41.38 39.62
November 15" 50 3842 39.80 41.25 39.82 39.23 41.05 42.00 40.76
70 39.54 41.13 4221 40.96 40.45 42.40 43.61 42.15
Mean 3820  39.55 40.95 39.57 39.28 40.92 42.92 40.84
30 36.13  36.99 38.56 3722 36.83 36.87 48.99 40.89
December 1st 50 36.37  38.00 39.98 38.11 38.84 39.96 41.56 40.12
70 39.00 5141 4138 43.93 39.32 41.08 42.86 41.08
Mean 37.16 4213 39.97 39.75 3833 39.30 44.47 40.70
30 35.04 3599 3797 36.33 36.28 36.90 45.66 39.61
Means of N-rates 50 3593 3773 39.38 37.68 38.01 39.40 40.52 39.31
70 37.88  43.15 40.65 40.56 38.59 40.79 42.06 40.48
Mean 3628 3896 39.33 37.62 39.03 42.74
L.S.D. at 5% for 2016/2017 2017/2018
Sowing dates (S) 2.78 1.97
Nitrogen (N) 1.92 243
Boron (B) 1.95 1.13
SXN NS NS
SX B NS 1.96
NXB NS 1.96
SXNXB NS 3.40

4- Grain yield (ton/fad.).

The presented results in Table (9) indicated that, the
sowing dates had significant effect on grain yield (ton/fad.)
in the first season only. The highest means of grain yield
(2.22 ton/fad.) was obtained on account of sowing wheat
plants on 15" Now. in the first seasons. However, the lowest
one of this trait (1.91 ton/fad.) in the first season was
obtained from sowing on 1¥ Nov. The desirable effect of
sowing wheat on 15" Nov. on grain yield (ton/fad.) might be
ascribed to the seasonal environmental condition during this
period such as temperature, day length and light intensity
which allow to rapid germination, establishment, vegetative
growth, development and ripening consequently increasing
dry matter accumulation, yield components as well as grain
yield per unit area. It is worthy to mention that, these results
are in good agreement with those obtained by Fadle et al.
(2016) and Abd El-Hadi et al. (2018)

It could be concluded that varying the applied
nitrogen rates had a significant effect on grain yield
(ton/fad.) in 2016/2017 and 2017/2018 seasons, where the
highest grain yield (ton/fad.) values (2.32 and 2.24 ton/fad.)
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were obtained when nitrogen was applied at a rate of 70 kg
N/ fad. in both seasons, respectively. These results might be
attributed to the role nitrogen plays in plant growth and
development nitrogen shortage within plant tissue result
might be reduction in foliage and roots expansion, loss in
photosynthetic efficiency and disturbance of all metabolic
functions. Our results are in good agreement with this
obtained by Fadle et al. (2016).

It could be concluded that applied boron had
significant effect on grain yield (ton/fad.) in two seasons,
where the highest grain yield (ton/fad.) (2.25 and 2.41
ton/fad.) were obtained when boron applied at a level of 100
ppm in both seasons, respectively. This may be due to that
boron increased the vegetative growth of wheat, in addition
to the role of boron in enhancing photosynthesis process. It
is worthy to mention that these results are in good agreement
with those obtained by Tahir ez al. (2009) and Rehman e al.
(2012).

All studied interactions had no significant effect on
such character in the two seasons.
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Table 9. Grain yield (ton/fad.) of wheat plant as affected by sowing dates, nitrogen fertilization, boron spraying

and their interaction in the two seasons.

Characters Grain yield (ton/fad.)
Seasons 2016/2017 2017/2018
. Nitrogen fertilizers Foliar with boron (ppm) Foliar with boron (ppm)
Sowing dates (kg/fad.) Cont. 50 100 M ek s 100 Mean
30 1.49 1.66 1.80 1.65 1.44 1.77 2.03 1.74
November 1* 50 1.63 2.00 2.19 1.94 1.85 2.02 2.14 2.00
70 2.13 2.09 221 1.14 2.09 2.15 2.34 2.19
Mean 1.75 191 2.06 191 1.79 1.98 2.17 1.98
30 1.83 2.04 2.10 1.99 2.00 2.14 2.31 2.15
November 15 50 2.10 2.04 2.53 222 2.10 243 2.60 237
70 221 2.49 2.67 245 2.34 2.63 2.81 2.59
Mean 2.04 2.19 243 222 2.14 2.40 2.57 237
30 1.86 1.93 2.05 1.94 1.54 2.04 235 1.97
December 1* 50 1.83 2.18 225 2.08 2.14 2.36 2.44 231
70 233 2.26 2.51 2.36 225 243 2.66 2.44
Mean 2.00 2.12 2.27 2.13 1.97 227 2.48 2.24
30 1.72 1.87 1.98 1.86 1.66 1.98 223 1.95
Means of N-rates 50 1.85 2.07 2.32 2.08 2.03 227 2.39 2.23
70 222 2.28 2.46 232 222 2.40 2.60 2.24
Mean 1.93 2.07 225 1.97 221 241
L.S.D. at 5% for 2016/2017 20172018
Sowing dates (S) 0.14 NS
Nitrogen (N) 031 0.32
Boron (B) 0.17 0.25
SXN NS NS
SX B NS NS
NXB NS NS
SXNXB NS NS

5- Straw yield (ton/fad.).

Results in Table (10) showed that, the two studied
sowing dates did not significantly differed in straw yield
(ton/fed.) in 2016/2017 and 2017/2018 seasons.

The data in Table (10) illustrate that varying the
applied nitrogen rates had a significant effect in the second
season only, where the highest straw yield value (2.60
ton/fad.) was obtained when nitrogen applied at a rate of 70

kg N/ fad. in the second season. This may be due to that
nitrogen fertilizer encouraged the vegetative growth of
wheat plants for which plant height as well as tillering
capacity could be taken as good criteria. This might
interpret the increased straw yield due to nitrogen
application. These results are in accordance with those
Gehan ef al. (2011) and Fadle et al. (2016).

Table 10. Straw yield (ton/fad.) of wheat plant as affected by sowing dates, nitrogen fertilization, boron spraying

and their interaction in the two seasons.

Characters Straw yield (ton/fad.)
Seasons 2016/2017 2017/2018
Sowing Nitrogen fertilizers Foliar with boron (ppm) Mean Foliar with boron (ppm) Mean
dates (kg/fad.) Cont. 50 100 Cont. 50 100
30 1.73 1.93 2.34 2.00 1.85 2.13 2.29 2.09
November 1% 50 2.01 2.17 2.34 2.17 2.10 2.38 2.61 2.36
70 2.11 231 241 227 2.38 2.47 2.53 2.46
Mean 1.95 2.13 2.36 2.15 2.11 2.32 247 2.30
30 220 2.44 2.58 2.64 222 242 2.53 2.39
November 15" 50 241 2.78 2.74 2.74 2.40 2.63 2.74 2.59
70 2.65 2.76 2.81 2.36 2.53 2.75 2.86 2.71
Mean 242 2.66 2.71 2.59 2.38 2.60 2.71 2.56
30 2.00 221 2.88 2.36 2.05 233 245 227
December 1% 50 2.26 2.56 2.72 2.51 231 2.50 2.63 248
70 2.63 2.75 2.81 2.73 2.49 2.69 2.74 2.64
Mean 2.29 2.50 2.80 2.53 2.28 2.50 2.60 2.46
30 1.97 2.19 2.60 225 2.04 2.29 242 2.25
Means of N-rates 50 222 2.50 2.60 244 227 2.50 2.66 247
70 2.46 2.60 2.67 2.58 246 2.63 271 2.60
Mean 222 2.43 2.62 2.26 247 2.59
L.S.D. at 5% for 2016/2017 2017/2018
Sowing dates (S) NS NS
Nitrogen (N) NS 0.13
Boron (B) 0.23 0.22
SXN NS NS
SX B NS NS
NXB NS NS
SXNXB NS NS
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Table (10) indicated that application of boron to
wheat plants exerted a significant influence on straw yield
in 2016/2017 and 2017/2018 seasons. In general, the
highest straw yield/fad. was recorded when applied boron
of 100 ppm in the two seasons. Boron is one of the
essential micronutrients required for plant growth and
productivity. It plays an important role in cell wall
synthesis, RNA metabolism and root elongation as well as
phenol metabolism. These results agree with this obtained
Rehman et al. (2012). All studied interactions had no
significant effect on such character in the two seasons.
C-Grain quality:-
1-Protein percentage.

The results presented in Table (11) showed that, the
two studied sowing dates did not significantly differed in
protein percentage in 2016/2017 and 2017/2018 seasons.

The data indicated that nitrogen fertilizer had
significantly increased protein percentage in both seasons.
The highest values (10.76 and 10.83%) were obtained
when nitrogen was applied at a rate of 70 kg N/fad. during

2016/2017 and 2017/2018 seasons, respectively. N plays a
major role in plant growth and development, its shortage
within plant tissue resulted in reduction in foliage and roots
expansion, loss in photosynthetic efficiency and
disturbance of all metabolic functions. These results are in
accordance with those found by Bayoumi and El-
Demardash (2008) and Gehan et al. (2011)

The results indicate that boron significantly
increased protein content in wheat grains in both seasons.
The highest values of 10.65 and 10.82 % were obtained
when boron was applied at a level of 100 ppm in
2016/2017 and 2017/2018 seasons, respectively. In this
respect, high content protein may be a direct result for high
rates of photosynthesis with great efficiency. These results
are in accordance with this found by Islam and Jahiruddin
(2008)

The Results revealed that, protein content was not
significantly affected by the interactions among experiment
factors.

Table 11. Protein (%) of wheat plant as affected by sowing dates, nitrogen fertilization, boron spraying and their

interaction in the two seasons.

Characters Protein (%)
Seasons 2016/2017 2017/2018
Sowing Nitrogen fertilizers Foliar with boron Foliar with boron (ppm)
dates (kg/fad.) (ppm) Mean Mean
Cont. 50 100 Cont. 50 100
30 8.01 893 9.82 8.92 8.88 9.32 9.63 9.27
November 1* 50 882 9.95 10.31 9.69 9.24 10.24 10.71 10.06
70 9.51 10.87 11.21 10.53 9.65 10.81 11.70 10.72
Mean 8.78 991 10.44 9.71 9.25 10.12 10.68 10.02
30 842 947 9.74 9.21 9.02 9.81 10.00 9.61
November 15" 50 935 1044 11.61 1046 947 10.45 11.01 10.31
70 10.10 11.33 1170 11.04 9.83 11.02 11.86 10.90
Mean 929 1041 11.01 1024 944 10.42 10.95 10.27
30 811 9.10 9.75 8.98 9.01 9.53 9.80 9.44
December 1% 50 9.02 10.06 10.28 9.78 9.43 10.40 10.92 10.25
70 9.69 11.00 1147 1072  9.83 10.95 11.81 10.86
Mean 8.94 10.05 10.50 9.83 9.42 10.29 10.84 10.18
30 8.18 9.16 9.77 9.03 8.97 9.55 9.81 9.44
Means of N-rates 50 9.06 10.15 10.73 9.98 9.38 10.36 10.88 10.20
70 9.76 11.06 1146 10.76  9.77 10.92 11.79 10.83
Mean 9.00 10.12 10.65 9.37 10.28 10.82
L.S.D. at 5% for 2016/2017 2017/2018
Sowing dates (S) NS NS
Nitrogen (N) 0.27 043
Boron (B) 0.31 0.33
SXN NS NS
SX B NS NS
NXB NS NS
SXNX B NS NS

1- Carbohydrate percentage.

Ilustrated results in Table (12) clearly indicated
that, sowing dates significantly affected carbohydrate
content in wheat grains in both seasons. As seen from
obtained results, sowing wheat plants on 15" Nov.
achieved maximum increase in carbohydrate content
(57.73 and 57.67%) in the first and the second seasons,
respectively. On contrary of that, the lowest means of
carbohydrate content (57.14 and 54.86%) were product
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due to sowing wheat plants on 1¥ Nov. in the first and the
second seasons, respectively.

The data in Table (12) illustrate that varying the
applied nitrogen rates had significantly increased
carbohydrate percentage in both seasons. The highest
values (59.65 and 59.55%) were obtained when nitrogen
was applied at a rate of 70 kg N/fad. during 2016/2017 and
2017/2018 seasons, respectively. Nitrogen plays a major
role in plant growth and development, its shortage within
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plant tissue resulted in reduction in foliage and roots
expansion, loss in photosynthetic efficiency and
disturbance of all metabolic functions. These results are in
accordance with those found by Bayoumi and El-
Demardash (2008) and Gehan et al. (2011)

The results indicate that boron significantly increased
carbohydrate content in wheat grains in both seasons. The
highest values of 59.08 and 58.17 % were obtained when

boron was applied at a level of 100 ppm in two seasons,
respectively.

The presented Table (12) results show that
carbohydrate content were significantly affected by the
interactions of nitrogen x boron in the second season only.
The other interactions did not show significant effect on this
trait.

Table 12. Carbohydrate (%) of wheat plant as affected by sowing dates, nitrogen fertilization, boron spraying and

their interaction in the two seasons.

Characters Carbohydrate (%)
Seasons 2016/2017 2017/2018
Sowing Nitrogen fertilizers Foliar with boron (ppm) Mean Foliar with boron (ppm) Mean
dates (kg/fad.) Cont. 50 100 Cont. 50 100
30 52.63 55.01 56.10 54.58 50.01 5020  51.63 50.61
November 1* 50 55.74 57.90 59.01 57.55 51.00 5341 5948 54.63
70 57.60 59.32 61.01 59.31 57.68  59.14  61.20 59.34
Mean 55.32 5741 58.70 57.14 52.890 5425 5743 54.86
30 53.22 55.01 57.14 55.12 5349 5555  56.72 55.25
November 15" 50 55.50 58.69 59.74 57.97 5591 5853  59.68 58.04
70 58.02 60.58 61.70 60.10 5820 5945  61.56 59.73
Mean 55.58 58.09 59.52 57.73 5586  57.84  59.32 57.67
30 52.99 55.20 56.36 54.85 50.40 5048  51.95 50.94
December 1st 50 56.00 58.12 59.25 57.79 51.28  53.63  59.70 54.87
70 57.71 59.54 61.43 59.08 57.81 5935 61.62 59.59
Mean 55.56 57.62 59.01 57.40 53.16 5448 5775 55.13
30 52.94 55.07 56.53 54.85 5130 52.07 5343 52.27
Means of N-rates 50 55.74 58.23 59.33 57.77 5273 5519  59.62 55.84
70 57.77 59.81 61.38 59.65 57.89 5931 6146 59.55
Mean 55.59 57.70 59.08 5397 5552  58.17
L.S.D. at 5% for 2016/2017 2017/2018
Sowing dates (S) 0.25 0.69
Nitrogen (N) 0.37 2.37
Boron (B) 0.35 0.89
SXN NS NS
SX B NS NS
NXB NS 1.53
SXNXB NS NS
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