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Abstract

This study was conducted at Agronomy Department Experimental Farm,
Agriculture Faculty, Assiut University during 2012 / 2013 and 2013/2014 sea-
sons to study the response of two durum wheat cultivars to irrigation levels and
nitrogen fertilizer splitting. Three experiments each season were done. Each ex-
periment was subjected to one irrigation level (100, 75 and 50 % of irrigation re-
quirement). The experiment was laid out in Randomized Complete Block Design
(RCBD) in split - plot arrangement with three replicates. Nitrogen fertilizer split-
ting (2 and 4 times) were arranged in main - plots and the wheat cultivars (Beni-
suef 1 and Agaseed 3) were assigned in sub—plots. The obtained results showed
that studied irrigation levels, nitrogen fertilizer splitting and cultivars had a sig-
nificant effect on all studied traits in the two growing seasons. Here too, the first
and second order interactions had a significant influence on the most studied
traits in both seasons. Moreover, the highest mean values of grain yield (29.07
ardab fed") and NUE (58.13 kg grain/kg N) applied in both seasons were ob-
tained from Beni-suefl cultivar subjected to I, irrigation level and received nitro-
gen fertilizer at four splits.

Keywords: Irrigation levels, nitrogen fertilizer splitting, wheat cultivars, grain yield and
NUE

Introduction

Wheat ranks first among winter
cereal crops in Egypt. Cereal grains
are the main source of calories and
protein in the most developing coun-
tries including Egypt. Most wheat
services as main staple food for the
majority of the country population.
Wheat straw 1s a main source of fod-
der for animal feed to support the
rapidly developing animal produc-
tion.

In Egypt, most of wheat area is
cultivated by bread wheat (T. a. vul-
garis L.) while the rest with durum
wheat (T. durum). The -cultivated
area of wheat in Egypt during 2013
season was about 1418708 ha

1..3377876 feddan with the total
yield production of 9460200 ton
(FAO, 2013). While the total con-
sumption reached about 19600000
ton. So, increasing wheat production
in order to reduce the gap between
production and consumption are the
strategic aim. High grain yield and
good bread-making quality of wheat
are opposite criteria and are influ-
enced by the environmental condi-
tions as well as by the irrigation, va-
riety, N-fertilization, and the interac-
tions between these factors (Rao et
al., 1993, Johansson et al., 2004 and
Erekul et al,2012). Water stress is
the most important limitation to
wheat productivity in semi arid re-
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gions of the world. Therefore, the
development of the wheat cultivars
that use available water more effi-
ciently and that are able to tolerate
drought is a major goal for increas-
ing productivity in drought prone
environments. Water deficit or
drought has profound effects on
wheat production in Egypt and
worldwide. Water stress was found
to significantly reduced grain yield
and some agronomic traits of all
studied cultivars. Cultivars were
found to be responding differently to
water stress treatments. In general,
drought sensitivity increases with
increasing the intensity of water
stress. Significant genotypic varia-
tions were observed among these du-
rum wheat cultivars in water use ef-
ficiency (Al-Tabbal, 2011). Water
deficit occurs when water potentials
in the rhizosphere are sufficiently
negative to reduce water availability
to sub-optimal levels for plant
growth and development. Grain yield
was affected by both the magnitude
of water deficit and stage of growth
subjected to deficit. Increasing irri-
gation amounts up to 100% of soil
water significantly increased grain
yield (Awad et al., 2000). Moisture
stress 18 known to reduce biomass,
tillering ability, grains per spike and
grain size at any stage when it oc-
curs. So, the overall effect of mois-
ture stress depends on intensity and
length of stress (Bukhat, 2005). Con-
cerning nitrogen fertilizer splitting,
In order to obtain high wheat yield
and reduce potential NO- -N for
leaching or other adverse environ-
mental impacts, it is important to de-
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velop N management strategies to
increase the N recovery fraction
(NRF: kg N uptake kg N applied-')
of applied N. Earlier N fertilizer ap-
plication increases the risk of N loss
from the root zone by leaching and
denitrification. Therefore, the NRF
of wheat i1s maximized when fertil-
izer is applied shortly before the pe-
riod of most rapid crop N uptake
(Howard et al. 2002), which occurs
between early stem elongation and
anthesis, the stage at which the crop
can accumulate up to 75% of total N
in above-ground biomass (NAB) at
maturity. However, in environments
with low water availability, N appli-
cations after stem elongation have
been reported to reduce NRF and in-
creased N use efficiency (Zebarth et
al. 2007). Also, El-Agrodi et al.
(2011) found that application of N in
four splits recorded higher N per-
centage in whole wheat plants, straw
and grains over application of N with
two splits in 120 kg N per ha doses.
Here too, Velasco et al. (2012) stated
that in four out of six experiments,
average N in aboveground biomass
(NAB), N recovery fraction (NRF),
and grain protein content (GPC) for
split N application were greater than
for full N at Z24 (NAB, 176 and 157
kg N ha-'; NRF, 66 and 51%; GPC,
100 and 92 g kg-', for split and full
N application, respectively). As
shown by Debacke et al. (1996) and
Feil (1997) that yield and quality are
negatively correlated. The objectives
of this study were to study the re-
sponse of two durum wheat cultivars
to irrigation levels and nitrogen fer-
tilizer splitting.
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Materials and Methods:

This study was carried out dur-
ing the two successive seasons 2012/
2013 and 2013/ 2014, in the Agron-
omy Department Experimental Farm,
Agriculture Faculty, Assiut Univer-
sity to study the response of two du-
rum wheat cultivars to irrigation lev-
els and nitrogen fertilizer splitting.
The mechanical and chemical analy-
ses of the experimental sites of the
soil are presented in Table 1.

Table 1. The average physical and
chemical properties of experi-
mental soil in two seasons:

Properties 2012/2013 | 2013/2014

Mechanical analysis:

Sand 26.00 26.80
Slit 24.20 23.00
Clay 49.80 50.20
Soil type Clay Clay
Chemical analysis:

pH 7.73 7.80
Organic matter % 1.74 1.62
Total N% 0.08 0.07

Three experiments each season
were done. Each experiment was sub-
jected to one irrigation level (100, 75
and 50 % of irrigation requirement
i.e.[;=4000, 1,=3000 and [;=2000
m’/fed”, respectively). These
amounts of irrigation water were re-
corded from the counter. The experi-
ment was laid out in Randomized
Complete Block Design (RCBD) in
split - plot arrangement with three
replicates. Two treatments of Nitro-
gen fertilizer splitting (2 and 4 times)
were assigned in main - plots and the
wheat cultivars (Beni-suef 1 and
Agaseed 3) were arranged in sub-
plots. Each sub-plot area was 10.5
m°. Wheat grains (Triticum durum L.
c.v ‘Beni-suefl and Agaseed 3) were
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sown by hand on 1 and 2 December
in the first and second seasons, re-
spectively. The recommended dose of
nitrogen fertilizer (75 kg fed ' as a
form of Urea, 46.5%N) divided into
two equal doses and add before sec-
ond and third irrigation in the first
splitting treatment (2 time), while,
splitting into four equal doses (4
times) was added before the second,
third, fourth and fifth irrigation. The
ordinary cultural practices for grow-
ing wheat were adopted as recom-
mended, except the experimental
treatments.

At harvest five guarded main
stem for each sub-plot were taken and
plant height (cm), spike length (cm)
and kernels weight spike’ were de-
termined. 1000-kernel weight, num-
ber of spikes m?®, grain and straw
yields were determined in plot basis
then transferred to ardab and ton
fad™, respectively.

Nitrogen use efficiency (NUE)
was calculated as NUE= Grain yield/
Nitrogen applied (Ali, 2010).

All data collected from each ex-
periment under irrigation level were
analyzed with analysis of variance
(ANOVA) Procedures using the SAS
Statistical Software Package (v.9.2,
2008). Also, combined analysis was
carried out for irrigation levels to re-
veal the effect of this variable and the
interaction 1involved. Means were
compared by LSD at 5% level of sig-
nificant (Gomez and Gomez, 1984).
Results and Discussion
1-Vegetative traits:

Plant height (cm): Data pre-
sented in Table 2 reveal that irriga-
tion levels, nitrogen fertilizer split-
ting, cultivars and their interaction
involved had a significant influence
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(p< 0.05) on wheat plant height in the
two growing seasons except the first
order interaction between nitrogen
fertilizer splitting and cultivars. Thus,
plant height was decreased linearly
by shortage in amount of water ap-
plied to wheat plants and the tallest
plants were registered from I, treat-
ment (80.11 and 84.08 cm) while, the
shortest plants were obtained from I;
treatment (73.48 and 79.03 cm) in the
first and second seasons, respectively.
This can be explained by the role of
water in the cell division and elonga-
tion as well as the other physiological
process such as photosynthesis, respi-
ration and translocation. Depressed
water potential suppresses cell divi-
sion, organ growth, net photosynthe-
sis, protein synthesis, and alters hor-
monal balances of major plant tissues
(Moharram and Habib, 2011). More-
over, the splitting nitrogen fertilizer
to four times increase plant height as
compared to the other splitting treat-
ment (two times) and the amount of
increments were reached about 8.41
and 7.73 % in the first and second
seasons, respectively. The increase in
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plant height by increasing N applica-
tion number might be attributed to
saving N in proper time and maxi-
mizing the N utilization through
minimizing losses of the applied N.
Similar results were reported by El-
Agrodi et al.(2011). Furthermore,
Beni-suef 1 cultivar  surpassed
Agaseed 3 one and produced the
highest mean values in this respect
(77.94 and 82.44 cm) in the first and
second seasons, respectively. The dif-
ferences between cultivars are mainly
due to the interaction between their
genetic makeup during growth peri-
ods and to the environmental factors
prevailing during their development.
These results are in agreement with
that obtained by Al-Tabbal (2011).
Regarding to second order interac-
tion, data exhibited in this respect re-
veal that cultivated Beni-suef 1 culti-
var subjected to I; irrigation level and
received nitrogen fertilizer at four
equal doses gained the highest mean
values of plant height (87.30 and 87.
70 cm) in the first and second sea-
sons, respectively.
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Table 2. Effect of irrigation levels, Nitrogen splitting, cultivars and their interac-

tions on plant height (cm)

Seasons 2012/2013 2013/2014

I;.::,E?st(lf)n Split tingl(wéz;rs(C) Beni- suef 1 | Agaseed3 | Mean | Beni- suef 1 | Agaseed3 | Mean
I S 76.33 75.40 75.87 81.80 80.50 81.15
S, 87.30 81.40 84.35 87.70 86.33 87.02
Mean 81.82 78.40 80.11 84.75 83.42 84.08
I, S 74.53 74.07 74.30 80.00 80.00 80.00
S, 79.80 78.07 78.94 85.03 85.00 85.02
Mean 77.17 76.07 76.62 82.52 82.50 82.51
Iz S 72.33 67.53 69.93 75.83 73.33 74.58
S, 77.33 76.73 77.03 84.27 82.67 83.47
Mean 74.83 72.13 73.48 80.05 78.00 79.03
General mean 77.94 75.53 82.44 81.31 | -----
CxS Sy 74.40 72.33 73.37 79.21 77.94 78.58
S, 81.48 78.73 80.11 85.67 84.67 85.17

F test and LSD F test LSD F test LSD

| * 0.28 * 1.26

S % —_ % —_
C % ——_—— % —_

xS * 0.83 * 1.10

IxC * 0.24 * 0.68

SxC NS | - N.S

IxSxC * 0.35 * 0.96

Where's: [}, I, and Is mean 100, 75 and 50% of irrigation requirement, respectively
Si and S; mean two and four nitrogen fertilizer splitting, respectively
*and NS mean significant and non-significant at 5% level of probability

Spike length (cm): Exhibited
data in Table 3 reveal that irrigation
levels, nitrogen fertilizer splitting,
cultivars and their interaction in-
volved had a significant influence (p<
0.05) on wheat spike length in the
two growing seasons. Therefore, de-
creasing amount of irrigation water
applied to wheat plants from I, to I,
or I; decreased spike length from 9.00
to 7.95 or 7.37 cm in the first season,
being 8.42 to 7.93 or 7.47 cm in the
second season in the same order. This
is to be expected since the same trend
was found with regard to plant height
and consequently spike length. More-
over, the splitting nitrogen fertilizer
to four times increase spike length as
compared to the splitting nitrogen to
two equal doses and gained 9.86 and
8.61 cm spike length in the first and
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second seasons, respectively. The in-
crease in spike length by increasing N
application number might be attrib-
uted to saving N in proper time and
maximizing the N utilization through
minimizing losses of the applied N.
the similar results were reported by
El-Agrodi et al.(2011). Furthermore,
Beni-suef 1 cultivar  surpassed
Agaseed 3 one and produced the
highest mean values of spike length
(8.40 and 8.11 cm) in the first and
second seasons, respectively. The dif-
ferences between cultivars are mainly
due to the interaction between their
genetic makeup during growth peri-
ods and to the environmental factors
prevailing during their development.
These results are in agreement with
that obtained by Al-Tabbal (2011).
Concerning second order interaction
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data presented here state that culti-
vated Beni-suef 1 cultivar subjected
to I; irrigation level and received ni-
trogen fertilizer at four equal doses

gained the highest mean values of
spike length (11.27 and 9.33 cm) in
the first and second seasons, respec-
tively.

Table 3. Effect of irrigation levels, Nitrogen splitting, cultivars and their interac-

tions on spike length (cm)

Seasons 2012/2013 2013/2014

If::}%;lst(l;))n Splittingt;‘:)‘rS(C) Beni- suef 1 | Agaseed3 | Mean | Beni- suef 1 | Agaseed3 | Mean
L Sy 7.80 6.80 | 7.30 7.73 7.57 | 7.65
S, 11.27 10.13 | 10.70 9.33 9.03 |9.18
Mean 9.53 8.47 | 9.00 8.53 8.30 | 8.42
I Sy 6.33 6.07 | 6.20 7.37 7.30 | 7.33
S, 9.80 9.60 | 9.70 8.70 8.33 |8.52
Mean 8.07 7.83 7.95 8.03 7.82 | 7.93
Iz Sy 5.73 5.40 | 5.57 7.17 6.43 | 6.80
S, 9.47 8.87 | 9.17 8.27 8.00 |8.13
Mean 7.60 7.13 7.37 7.72 7.22 | 7.47
General mean 8.40 7.81 | --—-- 8.11 7.78 | -----
CxS Sy 6.62 6.11 | 6.36 7.42 7.10 | 7.26
S, 10.18 9.53 9.86 8.77 8.46 | 8.61

F test and LSD F test LSD F test LSD

I * 0.12 * 0.11

S * —_ * -
C * —_— * -

IxS * 0.14 * 0.14

IxC * 0.11 * 0.11

SxC * 0.14 * 0.04

IxSxC * 0.12 * 0.11

2- Yield components traits:
Number of spikes m™: Data
illustrated in Table 4 focus that the
irrigation levels studied had a sig-
nificant effect (p< 0.05) on the num-
ber of spikes m™ in both seasons.
Thus, number of spikes m™> was de-
creased significantly with decreasing
amount of water applied to wheat
plants. Decreasing irrigation water
amount from I; to I, or I3 resulting in
the decrease in number of spikes m™
reached about 14.35 and 27.69 %,
respectively in the first season, be-
ing, 5.57 and 11.96 % in the second
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season in the same order . This may
be due to the effect of water stress on
the tillering numbers which were de-
creased in order to irrigation water
decreased. Moisture stress is known
to reduce tillering ability when it oc-
curs at any stage. So, the overall ef-
fect of moisture stress depends on
intensity and length of stress (Buk-
hat, 2005). Furthermore, the data
also, reveal that the splitting nitrogen
fertilizer had a significant influence
(p< 0.05) 1n this respect in both sea-
sons. Splitting nitrogen fertilizer into
four equal doses produced the high-
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est mean values of spikes number
m>(490.5 and 403.8) in the first and
second seasons, respectively. The
beneficial effect of N splitting may
be related to reduction of N losses
and enhancement tillering in wheat.
Moreover, the presented data state
that wheat cultivars varied signifi-
cantly in this respect in the two
growing seasons. Thus, Beni-suef 1
cultivar surpassed Agaseed 3 one
and produced the highest mean val-
ues of spikes number m>(416.9 and
369.7) in the first and second sea-
sons, respectively. The differences
between cultivars are mainly due to
the interaction between their genetic
makeup during growth periods and
to the environmental factors prevail-

ing during their development. These
results are in agreement with that ob-
tained by Al-Tabbal (2011). Fur-
thermore, the all first order interac-
tions involved had a significant ef-
fect on spikes number m™ in both
seasons. Also, the second order in-
teraction among irrigation, splitting
and cultivars had a significant effect
on number of spikes m™ in the two
growing seasons. Thus, the highest
mean values of spike number m™
(588.0 and 439.0) in the first and
second seasons, respectively, were
obtained from Beni-suef 1 cultivar
subjected to I, irrigation level and
received nitrogen fertilizer at four
equal doses

Table 4. Effect of irrigation levels, Nitrogen splitting, cultivars and their interac-

. . -2
tions on number of spikes m

Seasons 2012/2013 2013/2014
Irrigation Itivars(C) | Beni- suef | Agaseed Beni- suef | Agaseed
1evegls(1) Splitting( 1 ’ Mean 1 ¥ | Mean
I S 383.3 353.7 368.5 346.0 336.0 341.0
S, 588.0 528.3 558.2 439.0 424.3 431.7
Mean 485.7 441.0 463.3 392.5 380.2 386.3
I, Si 321.7 300.0 310.8 325.3 320.0 322.7
S, 504.0 461.3 482.7 414.0 400.0 407.0
Mean 412.8 380.7 396.8 369.7 360.0 364.8
I3 Si 264.3 214.3 239.3 310.7 304.0 307.3
S, 440.3 421.0 430.7 383.0 362.7 372.8
Mean 352.3 317.7 335.0 346.8 333.3 340.1
General mean 416.9 379.8 | --—--- 369.7 357.8
CxS S 323.1 289.3 306.2 327.3 320.0 323.7
S, 510.8 470.2 490.5 412.0 395.7 403.8
F test and LSD F test LSD F test LSD
| * 9.90 * 5.54
S * | e % ——_——
C % —_— % —_
IxS * 7.62 * 2.26
IxC * 9.79 * 2.58
SxC * 7.99 * 2.10
IxSxC * 13.84 * 3.66
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1000- Kernel weight (g): Ex-
hibited data in Table 5 focus that irri-
gation levels, nitrogen fertilizer split-
ting, cultivars and their interactions
involved here had a significant effect
(p< 0.05) on 1000 kernel weight in
the two growing seasons except the
effect of first order interactions of ir-
rigation X cultivars in the second sea-
son and nitrogen fertilizer splitting x
cultivars in the first season. Signifi-
cant differences in 1000-grain weight
were noted among various water
stress treatments. I; had significantly
higher 1000-grain weight than all
other water stress treatments in both
seasons. Similar effects of water
stress on 1000-grain weight were also
reported by Qadir ef al. (1999), Den-
cic et al. (2000) and Akram (2011).
Furthermore, the highest mean values
of 1000- kernel weight (56.79 and
57.01 g) in the first and second sea-
sons, respectively, were obtained
when nitrogen fertilizer was divided
into four equal doses. The increase in
1000 kernel weight by increasing N
application number might be attrib-
uted to saving N in proper time and
maximizing the N utilization through
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minimizing losses of the applied N
which led to high photosynthesis
rates, increased the amount of carbo-
hydrate accumulation in the kernels
and consequently increased kernel
weight. The obtained results are in a
good line with those obtained by Hir-
zel et al.(210), El-Agrodi et al.
(2011) and Rahman et al. (2011).
Concerning the studied cultivars ef-
fect, data show that Beni-suef 1 culti-
var surpassed Agaseed 3 one in this
respect in both seasons. The differ-
ences between cultivars are mainly
due to the interaction between their
genetic makeup during growth peri-
ods and to the environmental factors
prevailing during their development.
These results are in agreement with
that obtained by Al-Tabbal (2011)
and Moharram and Habib (2011).
Also, the data show that the highest
mean values of 1000 kernel weight
(58.78 and 59.47 g) in the first and
second seasons, respectively, were
obtained from high irrigation level
(I;) with Beni-suef 1 cultivar sub-
jected to four splits of nitrogen fertil-
1zer.



Assiut J. Agric. Sci., (47) No. (6-2) 2016 (325-343)
Website: http://www.aun.edu.eg/faculty agriculture

ISSN: 1110-0486
E-mail: ajas@aun.edu.eg

Table 5. Effect of irrigation levels, Nitrogen splitting, cultivars and their interac-

tions on 1000 kernel weight (g).

Seasons 2012/2013 2013/2014
Irrigation levels (I) tivars(C) | Beni- suef | Agaseed Mean | Beni-suef | Agaseed |
Splitting 1 3 1 3
I S, 51.45 | 50.82 |51.13 | 52.17 | 51.00 |51.58
Sz 58.78 | 58.38 | 58.58 | 59.47 | 58.30 | 58.88
Mean 55.12 | 54.60 | 54.86 | 55.82 | 54.65 |55.23
I, S, 49.59 | 48.25 [48.92 | 49.88 | 48.30 |49.09
S, 57.28 | 56.40 |56.84 | 57.47 | 56.89 |57.18
Mean 53.44 | 52.33 |52.88 | 53.68 | 52.60 |53.14
I S, 46.60 | 44.87 |45.74| 46.90 | 45.17 | 46.03
S; 56.04 | 53.87 |54.96 | 56.17 | 53.77 | 54.97
Mean 51.32 | 49.37 |50.35| 51.53 | 49.47 | 50.50
General mean 5329 | 52.10 | ----- 53.68 | 52.24 | -----
CxS S 49.21 | 47.98 [48.60 | 49.65 | 48.16 |48.90
S, 57.37 | 56.22 |56.79| 57.70 | 56.32 | 57.01
F test and LSD F test LSD F test LSD
| * 0.20 * 0.13
S * S * —_——
C * S * S
IxS * 0.13 * 0.11
IxC * 0.16 NS —
SxC S -—-- * 0.13
IxSxC * 0.23 * 0.20
Kernels weight spike”(g), Data consequently weight of kernels

presented in Table 6 reveal that in-
volved irrigation levels, nitrogen fer-
tilizer splitting, cultivars and their
interaction involved had a significant
effect (p< 0.05) on kernels weight
spike” trait in the two growing sea-
sons. Thus, weight of kernels spike™
was decreased linearly by shortage in
amount of water applied to wheat
plants and the heaviest kernels spike”
" were registered from I, treatment
(3.35 and 3.65 g) in the first and sec-
ond seasons, respectively, while, the
thinnest kernels spike’ were ob-
tained from I3 treatment (2.82 and
3.16 g) in the first and second sea-
sons, respectively. This is to be logic
since the same trend was obtained
with regard 1000 kernels weight and
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spike”. Similar effects of water
stress on 1000-grain weight were
also reported by Qadir et al. (1999),
Dencic et al. (2000) and Akram
(2011). Moreover, the splitting ni-
trogen fertilizer to four splits in-
creased weight of kernels spike™” as
compared to the other splitting
treatment (two splits) and the amount
of increments were reached about
21.03 and 26.49 % in the first and
second seasons, respectively. This is
to be expected since the same split
treatment produced the highest mean
values with regard to 1000 kernels
weight trait as mentioned before and
consequently produced the highest
mean values of kernel weight spike™.
The similar results were reported by
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El-Agrodi ef al. (2011). Furthermore,
Beni-suef 1 cultivar surpassed
Agaseed 3 one and produced the
highest mean values in this respect
(3.17 and 3.51 g) in the first and sec-
ond seasons, respectively. This is
logic since the same cultivar re-
corded the highest mean values with
regard to 1000 kernels weight trait as
mentioned before and consequently
produced the highest mean values of
kernels weight spike™ trait. These
results are in agreement with that ob-

tained by Al-Tabbal (2011). Con-
cerning the second order interaction,
data illustrated in this respect focus
that cultivated Beni-suef 1 cultivar
subjected to I, irrigation level and
received nitrogen fertilizer at four
equal doses gained the highest mean
values of kernels weight spike™ (3.79
and 4.26g) in the first and second
seasons, respectively. This is to be
expected since the same interaction
was significant with regard to 1000
kernel weight.

Table 6. Effect of irrigation levels, Nitrogen splitting, cultivars and their interac-

tions on kernels weight spike™(g)

Seasons 2012/2013 2013/2014
Irrigation levels(T) Split ting;ars(C) :?::;ll Agaseed3| Mean :?::;ll Agaseed3| Mean
I S 3.03 2.92 2.98 3.28 3.16 3.22
S, 3.79 3.67 3.73 4.26 3.90 4.08
Mean 341 3.29 3.35 3.77 3.53 3.65
I, S 2.88 2.76 2.82 3.10 3.03 3.07
S, 3.52 3.38 3.45 3.85 3.77 3.81
Mean 3.20 3.07 3.14 3.48 3.40 3.44
I3 S 2.54 2.29 2.42 2.95 2.58 2.77
S, 3.26 3.18 3.22 3.62 3.49 3.56
Mean 2.90 2.74 2.82 3.29 3.03 3.16
General mean 3.17 3.03 | ---—-- 3.51 332 | --—--
CxS Si 2.82 2.66 2.74 3.11 2.92 3.02
S, 3.53 341 3.47 3.91 3.72 3.82
F test and LSD F test LSD F test LSD
| * 0.031 * 0.017
S * sk k —_—
C * | e k —_
IxS * 0.055 * 0.018
IxC * 0.039 * 0.014
SxC * 0.033 * 0.012
IxSxC * 0.055 * 0.020
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Biological yield (ton fed.'l)

Data illustrated in Table 7 fo-
cus that the studied irrigation levels
had a significant effect (p< 0.05) on
the biological yield in both seasons.
Thus, biological yield was decreased
significantly with decreasing amount
of water applied to wheat plants. De-
creasing irrigation water amount
from I; to I, or I5 resulting in the de-
crease in biological yield reached
about 8.49 and 14.15 %, respectively
in the first season, being, 5.51 and
11.51 % in the second season in the
same order. This is to be expected
since the same trend was obtained
with regard to plant height, number
of spikes m” and weight of kernels
spike'as mentioned previous. These
findings were in a good line with
those obtained by Qadir et al
(1999), Dencic et al. (2000) and Ak-
ram (2011). Furthermore, the data
also, reveal that splitting nitrogen
fertilizer had a significant influence
(p< 0.05) on the biological yield in
both seasons. Splitting nitrogen fer-
tilizer into four equal doses produced
the highest mean values of biological
yield (10.34 and 10.17 t fed") in the
first and second seasons, respec-
tively. This is logic since the same
trend was obtained with regard to
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plant height, number of spikes m™
and weight of kernels spike™'as men-
tioned previous. Moreover, the pre-
sented data state that wheat cultivars
varied significantly in this respect in
the two growing seasons. Thus,
Beni-suef 1 cultivar surpassed
Agaseed 3 one and produced the
highest mean values of biological
yield (9.67 and 9.58 t fed") in the
first and second seasons, respec-
tively. The differences between cul-
tivars are mainly due to the interac-
tion between their genetic makeup
during growth periods and to the en-
vironmental factors prevailing during
their development. These results are
in agreement with that obtained by
Al-Tabbal (2011). Furthermore, the
all first order interactions involved in
this respect had a significant effect
on biological yield in both seasons.
Here too, the second order interac-
tion among irrigation, splitting and
cultivars had a significant affect on
biological yield in the two growing
seasons. Thus, the highest mean val-
ues of biological yield (11.60 and
11.15 t fed') in the first and second
seasons, respectively, were obtained
from Beni-suef 1 cultivar subjected
to I; irrigation level and received ni-
trogen fertilizer at four splits.
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Table 7. Effect of irrigation levels, Nitrogen splitting, cultivars and their interac-
tions on biological yield (ton fed™)

Seasons 2012/2013 2013/2014
o[ CMan(©) | et | ety | Mean | by | Aot | Mean
I Sq 9.34 9.07 9.21 9.17 9.04 9.11
S, 11.60 10.99 | 11.30 | 11.15 10.60 | 10.87
Mean 10.47 10.03 | 10.25 | 10.16 9.82 9.99
I, Sq 8.73 8.51 8.62 8.85 8.68 8.77
S, 10.36 9.91 10.13 | 10.24 10.00 | 10.12
Mean 9.54 9.21 9.38 9.55 9.34 9.44
Iz Sq 8.19 7.85 8.02 8.35 7.97 8.16
S, 9.80 9.37 9.59 9.69 9.33 9.51
Mean 9.00 8.61 8.80 9.02 8.65 8.84
General mean 9.67 9.29 - 9.58 927 | ----—--
CxS Sq 8.75 8.48 8.62 8.79 8.56 8.68
S, 10.59 10.09 | 10.34 | 10.36 9.98 10.17
F test and LSD F test LSD F test LSD
I * 0.142 *
S * -—-- * 0.079
C * | _____ * * %
IxS * 0.122 * ok
IxC * 0.123 * 0.073
SxC * 0.105 * 0.058
IxSxC * 0.175 * 0.067

Table 7. Effect of irrigation levels, Nitrogen splitting, cultivars and their interac-
tions on biological yield (ton fed™)

Seasons 2012/2013 2013/2014
frgaton | CUBASC) || s Mean | U5 | et | an
I Sq 9.34 9.07 9.21 9.17 9.04 9.11

S, 11.60 10.99 | 11.30 | 11.15 10.60 | 10.87

Mean 10.47 10.03 | 10.25 | 10.16 9.82 9.99

I, Sq 8.73 8.51 8.62 8.85 8.68 8.77
S, 10.36 9.91 10.13 | 10.24 10.00 | 10.12

Mean 9.54 9.21 9.38 9.55 9.34 9.44

I5 Sq 8.19 7.85 8.02 8.35 7.97 8.16
S 9.80 9.37 9.59 9.69 9.33 9.51
Mean 9.00 8.61 8.80 9.02 8.65 8.84
General mean 9.67 9.29 - 9.58 927 | --——--
CxS Sq 8.75 8.48 8.62 8.79 8.56 8.68
S, 10.59 10.09 | 10.34 | 10.36 9.98 10.17

F test and LSD F test LSD F test LSD

I * 0.142 *

S * -—-- * 0.079

C * | _____ % kk

IxS * 0.122 * *ok

IxC * 0.123 * 0.073

SxC * 0.105 * 0.058

IxSxC * 0.175 * 0.067
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Grain yield (ardab fed.™)

Presented data in Table 8 focus
that the studied irrigation levels had a
significant effect (p< 0.05) on the
grain yield in both seasons. Thus,
grain yield was decreased signifi-
cantly with decreasing amount of wa-
ter applied to wheat plants. Decreas-
ing irrigation water amount from [ to
I, or I3 resulting in the decrease in
grain yield reached about 11.19 and
17.74 %, respectively in the first sea-
son, being, 7.71 and 15.14 % in the
second season in the same order. This
is to be expected since the same trend
was obtained with regard to 1000
kernels weight, weight of kernels
spike” and biological yield as men-
tioned previous. These findings were
in a good line with those obtained by
Qadir et al. (1999), Dencic et al.
(2000) and Akram (2011). Further-
more, the data also, reveal that split-
ting nitrogen fertilizer had a signifi-
cant influence (p< 0.05) on the grain
yield in both seasons. Splitting nitro-
gen fertilizer into four equal doses
produced the highest mean values of
grain yield (25.45 and 25.27ardab
fed') in the first and second seasons,
respectively. This is logic since the
same trend was obtained with regard
to 1000 kernels weight, weight of
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kernels spike” and biological yield as
mentioned previous. Moreover, the
presented data state that wheat culti-
vars varied significantly in this re-
spect in the two growing seasons.
Thus, Beni-suef 1 cultivar surpassed
Agaseed 3 one and produced the
highest mean values of grain yield
(23.82 and 23.70ardab fed™') in the
first and second seasons, respectively.
This is logic since the same trend was
observed with regard to weight of
kernels spike'.The differences be-
tween cultivars are mainly due to the
interaction between their genetic
makeup during growth periods and to
the environmental factors prevailing
during their development. These re-
sults are in agreement with that ob-
tained by Al-Tabbal (2011). Further-
more, the all first order interactions in
this respect had a significant effect on
grain yield in both seasons. Also, the
second order interaction among irri-
gation, splitting and cultivars had a
significant effect on grain yield in the
two growing seasons. Thus, the high-
est mean value of grain yield (29.07
ardab fed") in both seasons were ob-
tained from Beni-suef 1 cultivar sub-
jected to I, irrigation level and re-
ceived nitrogen fertilizer at four splits
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Table 8. Effect of irrigation levels, Nitrogen splitting, cultivars and their interac-

tions on grain yield (ardab fed™")

Seasons 2012/2013 2013/2014
If::}%ilst(l;))n Splittin:;lz,arS(C) s]i?;ll Agaseed3 | Mean s]i?;ll Agaseed3 | Mean
I Sq 23.79 2292 | 23.36 | 22.58 22.13 | 22.36
! S 29.07 26.83 | 2795 | 29.07 2640 | 27.73
Mean 26.43 2488 | 25.65 | 25.82 2427 | 25.04
L Sq 21.11 20.29 | 20.70 | 21.69 21.07 | 21.38
S 25.44 2429 | 2487 | 25.51 2418 | 24.84
Mean 23.28 2229 | 22.78 | 23.60 22.62 | 23.11
L Sq 19.27 18.08 | 18.68 | 19.82 18.67 | 19.25
S 2423 22.82 | 23.52 | 23.56 2293 | 23.25
Mean 21.75 2045 | 21.10 | 21.69 20.80 | 21.25
General mean 23.82 22.54 -—- 23.70 22.56 -—-

CxS Sq 21.39 2043 | 2091 | 21.36 20.62 | 20.99
S 26.25 24.65 | 2545 | 26.04 2450 | 25.27

F test and LSD F test LSD F test LSD

I * 0.303 * 0418

S * e * e
C * R * e

IxS * 0.362 * 0.444

IxC * 0.410 * 0418

SxC * 0.354 * 0.668

IxSxC * 0.577 * 0.684

Straw yield (ton fed.'l)

Exhibited data in Table 9 focus
that the studied irrigation levels had
a significant effect (p< 0.05) on the
straw yield in both seasons. Thus,
straw yield was decreased signifi-
cantly with decreasing amount of
water applied to wheat plants. De-
creasing irrigation water amount
from I; to I, or I5 resulting in the de-
crease in straw yield reached about
6.88 and 11.88 %, respectively in the
first season, being, 4.01 and 9.31 %
in the second season in the same or-
der. This is to be expected since the
same trend was obtained with regard
to biological yield as mentioned pre-
vious. These findings were in a good
line with those obtained by Qadir et
al. (1999), Dencic et al. (2000) and
Akram (2011). Furthermore, the data
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also, reveal that splitting nitrogen
fertilizer had a significant influence
(p< 0.05) on the straw yield in both
seasons. Splitting nitrogen fertilizer
into four equal doses produced the
highest mean values of straw yield
(6.52 and 6.38 t fed™) in the first and
second seasons, respectively. This is
logic since the same trend was ob-
tained with regard to biological yield
as mentioned previous. Moreover,
the presented data state that wheat
cultivars varied significantly in this
respect in the two growing seasons.
Thus, Beni-suef 1 surpassed Agaseed
3 one and produced the highest mean
values of straw yield (6.10 and 6.02 t
fed') in the first and second seasons,
respectively. This is logic since the
same trend was observed with regard
to biological yield as mentioned be-
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fore. The differences between culti-
vars are mainly due to the interaction
between their genetic makeup during
growth periods and to the environ-
mental factors prevailing during their
development. These results are in
agreement with that obtained by Al-
Tabbal (2011). Furthermore, the all
first order interactions in this respect
had a significant effect on straw
yield in both seasons. Also, the sec-

ond order interaction among irriga-
tion, splitting and cultivars had a
significant effect on straw yield in
the two growing seasons. Thus, the
highest mean value of straw yield
(7.24 and 7.10 t fed™) in the first and
second seasons, respectively, were
obtained from Beni-suef 1 cultivar
subjected to I, irrigation level and
received nitrogen fertilizer at four
splits.

Table 9. Effect of irrigation levels, Nitrogen splitting, cultivars and their interac-

tions on straw yield (ton fed™)

Seasons 2012/2013 2013/2014
Ilrerigil:(lf)n Splittirllgz’aFS(C) s]i?;ll Agass *d | Mean s]i?;ll Agass *d | Mean
I S1 5.76 5.64 5.70 5.79 5.72 5.75
S, 7.24 6.96 7.10 6.79 6.64 6.71
Mean 6.50 6.30 6.40 6.29 6.18 6.23
L Sq 5.56 5.47 5.52 5.60 5.52 5.56
S, 6.54 6.26 6.40 6.41 6.37 6.39
Mean 6.05 5.87 5.96 6.01 5.95 5.98
L S1 5.30 5.14 5.22 5.37 5.17 5.27
S, 6.16 5.95 6.06 6.16 5.89 6.03
Mean 5.74 5.55 5.64 5.77 5.53 5.65
General mean 6.10 5.90 - 6.02 5.89 ———
CxS Sq 5.54 5.42 5.48 5.59 5.47 5.53
S, 6.65 6.39 6.52 6.45 6.30 6.38
F test and LSD F test LSD F test LSD
I * 0.098 * 0.253
S % e % —_
C % —_ % e
IxS * 0.087 * 0.275
IxC * 0.076 * 0.158
SxC * 0.062 * 0.129
IxSxC * 0.108 * 0.224

Nitrogen use efficiency (NUE)

Data exhibited in Table 10 fo-
cus that the involved irrigation lev-
els, nitrogen fertilizer splitting, culti-
vars and their interactions had a sig-
nificant effect (p< 0.05) on the NUE
in both seasons. Thus, NUE was de-
creased significantly with decreasing
amount of water applied to wheat
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plants. The highest mean values of
NUE (51.31 and 30.09 kg grain/kg
nitrogen applied) in the first and sec-
ond seasons, respectively, were ob-
tained from I, irrigation level while,
the lowest mean values in this re-
spect (42.20 and 42.49 kg grain/kg N
applied) in the first and second sea-
sons, respectively, were registered
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from I5 irrigation level. This is to be
expected since the same trend was
obtained with regard to grain yield as
mentioned previous. Furthermore,
splitting nitrogen fertilizer into four
equal doses produced the highest
mean values of NUE (50.90 and
50.55 kg grain/kg N applied) in the
first and second seasons, respec-
tively. This is logic since the same
trend was obtained with regard to
grain yield as mentioned previous.
Similar obtained were found by
Rahman et al., (2002) and Rah-
man et al. (2011). Moreover, Beni-
suefl cultivar surpassed Agaseed 3
one and produced the highest mean
values of NUE (47.64 and 47.41 kg
grain/kg N applied in the first and
second seasons, respectively). This is

logic since the same trend was ob-
served with regard to grain yield.
The differences between -cultivars
are mainly due to the interaction be-
tween their genetic makeup during
growth periods and to the environ-
mental factors prevailing during their
development. These results are in
agreement with that obtained by
Rahman et al. (2002). Also, the
second order interaction among irri-
gation, splitting and cultivars had a
significant effect on NUE in the two
growing season. Thus, the highest
mean value of NUE (58.13 kg
grain/kg N applied) in both seasons
was obtained from Beni-suef 1 culti-
var subjected to I, irrigation level
and received nitrogen fertilizer at
four splits.

Table 10. Effect of irrigation levels, Nitrogen splitting, cultivars and their interac-
tions on nitrogen use efficiency (NUE) kg/kg

Seasons 2012/2013 2013/2014
I;.::,E?st(lf)n Split ting(lg)a rs(C) Beni- suef 1 | Agaseed3| Mean | Beni- suef 1 | Agaseed3 | Mean
I S 47.59 45.83 46.71 45.15 44.27 44,71
S, 58.13 53.67 55.90 58.13 52.80 55.47
Mean 52.86 49.75 51.31 51.64 48.54 50.09
I, S 42.22 40.59 41.41 43.38 42.13 42.76
S, 50.88 48.59 49.73 51.02 48.36 49.69
Mean 46.55 44.59 45.57 47.20 45.25 46.22
Iz S 38.54 36.16 37.35 39.64 37.33 38.49
S, 48.46 45.64 47.05 47.11 45.87 46.49
Mean 43.50 40.90 42.20 43.38 41.60 42.49
General mean 47.64 45.08 47.41 45.13
CxS S 42.79 40.86 41.82 42.72 41.25 41.99
S, 52.49 49.30 50.90 52.09 49.01 50.55
F test and LSD F test LSD F test LSD
| * 0.320 * 0.200
S k —— k —_—
C k —_— k ——
IxS * 0.919 * 0.314
IxC * 0.761 * 0.251
SxC * 0.642 * 0.336
IxSxC * 0.399 * 0.222
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