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Abstract

This work was carried out during 2012/ 2013 and 2013/ 2014 seasons in the
Agronomy Department Experimental Farm, Agriculture Faculty, Assiut Univer-
sity to study the effect of irrigation levels and nitrogen fertilizer splitting on the
productivity and nitrogen use efficiency of two bread wheat cultivars.Three ex-
periments each season were done. Each experiment was subjected to three irriga-
tion levels (100, 75 and 50 % of irrigation requirement). The experiment was laid
out in Randomized Complete Block Design (RCBD) in split - plot arrangement
with three replicates. Two treatments of nitrogen fertilizer splitting (2 and 4
times) were assigned in main - plots and the wheat cultivars (Giza-168 and Sids-
1) were arranged in sub—plots. The obtained results showed that studied irrigation
levels, nitrogen fertilizer splitting and cultivars had a significant effect on all
studied traits in the two growing seasons. Here too, the first and second order in-
teractions had a significant influence on most studied traits in both seasons.
Moreover, the highest mean values of grain yield (28.13 and 28.02 ardab fed™)
and NUE (56.26 and 56.03 kg grain/kg N applied) in the first and second sea-
sons, respectively were obtained from Sids-1 cultivar subjected to I; irrigation
level and received nitrogen fertilizer at four splits.

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

Introduction

Wheat crop consider the most
important cereal crops in the world
with regard to cultivated area and
total production. The cultivated area
of wheat in Egypt during 2013 sea-
son 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 semiarid re-
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
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found to respond differently to water
stress treatments. In general, drought
sensitivity increases with increasing
the intensity of water stress. Signifi-
cant genotypic variations were ob-
served among these durum wheat
cultivars in water use efficiency (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 af-
fected by both the magnitude of wa-
ter deficit and stage of growth sub-
jected to deficit. Increasing irrigation
amounts up to 100% of soil water
significantly increased grain yield
(Awad et al., 2000). Moisture stress
is known to reduce biomass, tillering
ability, grains per spike and grain
size at any stage when it occurs. So,
the overall effect of moisture stress
depends on intensity and length of
stress (Bukhat, 2005). Concerning
nitrogen fertilizer splitting, In order
to obtain high wheat yield and re-
duce potential NO-3 -N for leaching
or other adverse environmental im-
pacts, it is important to develop N
management strategies to increase
the N recovery fraction (NRF: kg N
uptake kg N applied 1) of applied N.
Earlier N fertilizer application in-
creases the risk of N loss from the
root zone by leaching and denitrifi-
cation. Therefore, the NRF of wheat
is maximized when fertilizer is ap-
plied shortly before the period 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 ac-
cumulate up to 75% of total N in
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above-ground biomass (NAB) at ma-
turity. 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 above ground 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 1; NRF, 66 and 51%; GPC,
100 and 92 g kg 1, 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 determine the
effect of irrigation water rationaliza-
tion and nitrogen fertilizer splitting
on the productivity and quality of
some wheat cultivars.
Materials and Methods

This work was carried out dur-
ing 2012/ 2013 and 2013/ 2014 sea-
sons in the Agronomy Department
Experimental Farm, Agriculture
Faculty, Assiut University to study
the effect of irrigation water ration-
alization and nitrogen fertilizer split-
ting on the productivity of two wheat
cultivars. The mechanical and
chemical analyses of the experimen-
tal sites of the soil are presented in
Table 1.
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Tablel. Some physical and chemical properties of experimental sites:

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 three irrigation levels (100,
75 and 50 % of irrigation requirement
.e.11=4000, 12=3000 and I3=2000
m3/fed-1, 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 treatment of nitrogen
fertilizer splitting (2 and 4 times)
were assigned in main - plots and the
wheat cultivars (Sids 1 and Giza 168)
were arranged in sub-plots. Each sub-
plot area was 10.5 m2. Wheat grains
(Triticum aestivum L. c.v ‘Sids- 1
and Giza-168) were sown by hand on
1 and 2 December in the first and
second seasons, respectively. There
commended dose of nitrogen fertil-
izer(75 kg fed -1 as a form of Urea,
46.5%N) divided into two equal
doses and add before second and
third irrigation in the first splitting
treatment (2 times), while, splitting
into four equal doses (4 times) was
added before the second, third, fourth
and fifth irrigation. All other cultural
practices that recommended for
wheat crop were done in both sea-
sons.
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At harvest five guarded main
stem for each sub-plot were taken and
plant height (cm), spike length (cm),
number of spikelet's spike-1, number
of kernels spike-1 and kernels weight
spike-1 were determined. 1000-
kernel weight, number of spikes m-2
and grain and straw yields were de-
termined in plot basis then transferred
to ardab and ton fad-1, 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).Then, 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 show that irrigation
levels, nitrogen fertilizer splitting,
cultivars and their interaction had a
significant influence (p< 0.05) on
wheat plant height in the two growing
seasons. Thus, plant height was de-
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creased linearly by reducing amount
of water applied to wheat plants and
the tallest plants were registered from
I1 treatment (89.47 and 87.42 cm),
while the shortest plants were ob-
tained from 13 treatment (75.21 and
73.39 cm) in the first and second sea-
sons, respectively. This can be ex-
plained by the role of water in the cell
division and elongation as well as the
other physiological process such as
photosynthesis, respiration and trans-
location. Depressed water potential
suppresses cell division, organ
growth, net photosynthesis, protein
synthesis, and alters hormonal bal-
ances of major plant tissues (Mohar-
ram and Habib, 2011). Moreover, the
splitting nitrogen fertilizer to four
times increase plant height as com-
pared to the other splitting treatment
(two times) and the amount of incre-
ments were reached about 5.8 and 5.3
% 1n the first and second seasons, re-
spectively. The increase in plant
height by increasing N application
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number might be attributed to saving
N in proper time and maximizing the
N utilization through minimizing
losses of the applied N.Similar results
were reported by El-Agrodi et al.
(2011). Furthermore, Sids-1 cultivar
surpassed Giza-168 one and produced
the highest mean values in this re-
spect (86.47 and 83.97 cm) in the first
and second seasons, respectively. The
differences between cultivars are
mainly due to the interaction between
their genetic makeup during growth
periods and to the environmental fac-
tors prevailing during their develop-
ment. These results are in agreement
with that obtained by Al-Tabbal
(2011). With regard to second order
interaction, data exhibited in this re-
spect reveal that cultivated Sidis-1
cultivar subjected to 11 irrigation
level and received nitrogen fertilizer
at four equal doses gained the highest
mean values of plant height(97.20
and 91.17 cm) in the first and second
seasons, 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
Irrigation ivars(C Giza- | Sids- Giza- | Sids-

Levels (M) | Splitting - 168 | 1 | Mean | eg | | |Mean
I; Sq 85.30 | 86.73 | 86.02 85.00 85.93 | 85.47
S, 88.63 | 97.20 | 92.92 87.57 91.17 | 89.37
Mean 86.97 | 91.97 | 89.47 86.28 88.55 | 87.42
I, Sq 80.00 | 81.33 | 80.67 79.27 80.17 | 79.72
S, 82.13 | 84.13 | 83.13 81.80 83.10 | 82.45
Mean 81.07 | 82.73 | 81.90 80.53 81.63 | 81.08
I; Sq 71.57 | 74.40 | 72.99 67.73 73.10 | 70.42
S, 76.80 | 78.07 | 77.44 75.07 77.63 | 76.35
Mean 74.18 | 76.23 | 75.21 71.40 75.37 | 73.39
General mean 80.74 | 83.64 | ----- 79.41 81.85 | ------
CxS Sq 78.96 | 80.82 | 79.89 77.33 79.73 | 78.53
S, 82.52 | 86.47 | 84.49 81.48 83.97 | 82.72

F test and LSD F test LSD F test LSD

I * 1.888 * 0.561

S * | * |

C * e * |

IxS * 2.838 * 1.282

IxC * 1.335 * 0.549

SxC * 1.090 * 0.448

IxSxC * 1.888 * 0.777

Where: 1, I, and I3 means 100, 75 and 50% of irrigation requirement, respec-

tively

S, and S, means two and four nitrogen fertilizer splitting, respectively
* means significantly at 5% level of significant

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 I1 to
[2or 13 decreased spike length from
12.58 to 11.21 or 8.55 cm in the first
season, being 12.30 to 11.11 or 8.09
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. Moreover, the splitting nitro-
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gen fertilizer to four times increase
spike length as compared to the split-
ting nitrogen to two equal doses and
gained 11.33 and 10.97 spike length
in the first and second seasons, re-
spectively. The increase in spike
length by increasing N application
number might be attributed 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, Sids-1 culti-
var surpassed Giza-168 one and pro-
duced the highest mean values of
spike length (11.04 and 10.79 cm) in
the first and second seasons, respec-
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tively. 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). Concerning second

order interaction data presented here
state that cultivated Sidis-1 cultivar
subjected to Il irrigation level and
received nitrogen fertilizer at four
equal doses gained the highest mean
values of spike length (13.50 and
13.10 cm) in the first and second sea-
sons, respectively.

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

tions on spike length (cm)

Seasons 2012/2013 2013/2014

Ilrg%;t(‘;’)“ Spl tﬁllltg‘:ars(c) Giza-168 | Sids-1| Mean | Giza-168 | Sids-1 | Mean

1, S, 1187 | 1223 | 12.05 | 11.60 | 12.10 | 11.85
S, 1270 | 1350 | 13.10 | 12.40 | 13.10 | 12.75

Mean 1228 | 12.87 | 12.58 | 12.00 | 12.60 | 12.30

L S, 10.93 | 11.10 | 11.02 | 10.70 | 11.07 | 10.89
S, 1130 | 1150 | 11.40 | 11.17 | 11.50 | 11.34

Mean 1112 | 1130 | 11.21 | 1093 | 11.28 | 11.11

L S, 737 | 783 | 7.60 | 7.03 | 7.63 | 7.33
S, 890 | 10.09| 950 | 830 | 937 | 8.84

Mean 813 | 896 | 855 | 767 | 850 | 8.09

General mean 1051 | 11.04 | - 1020 | 10.79 | —

CxS S, 10.06 | 1039 | 1022 | 978 | 1027 | 10.02

S, 1097 | 1170 | 1133 | 1062 | 11.32 | 10.97

F test and LSD F test LSD F test LSD

I » 0279 = 0.174
S * | * | e
C * | * | e
=S = 0305| 0.200
IxC = 0.121 # 0.068
SxC - 0.099]  * 0.056
IXSxC = 0.171 # 0.096

2- Yield components traits:

Number of spikes m™: Data il-
lustrated in Table 4 focus that the
studied irrigation levels had a signifi-
cant effect (p< 0.05) on the number
of spikes m™ in both seasons. Thus,
number of spikes m” 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 decrease
in number of spikes m™® reached
about 11.36 and 23.99 %, respec-
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tively in the first season, being, 10.52
and 24.21 % in the second season in
the same order. This may be due to
the effect of water stress on the tiller-
ing numbers which were decreased in
order to irrigation water decreased.
Moisture stress is known to reduce
tillering ability when it occurs at any
stage. So, the overall effect of mois-
ture stress depends on intensity and
length of stress (Bukhat, 2005). Fur-
thermore, the data also reveal that the
splitting nitrogen fertilizer had a sig-
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nificant influence (p< 0.05) in this
respect in both seasons. Splitting ni-
trogen fertilizer into four equal doses
produced the highest mean values of
spikes number m™ (426.7 and 420.3)
in the first and second seasons, re-
spectively. 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
significantly in this respect in the two
growing seasons. Thus, Giza -168
cultivar surpassed Sids-1 cultivar and
produced the highest mean values of
spikes number m?*(417.9 and 409.0)
in the first and second seasons, re-
spectively. The differences between

cultivars are mainly due to the inter-
action 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
first order interaction between irriga-
tion and splitting or cultivars had a
significant effect on spikes number
m™ in both seasons. On the other
hand, the first order interaction be-
tween splitting and cultivar as well as
the second order interaction among
irrigation, splitting and cultivars don’t
affect significantly number of spikes
m™ in the two growing seasons.

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

. . -2
tions on number of spikes m

2013/2014 2012/2013 Seasons
. Giza- . Giza- ultivars(C)| Irrigation
Mean |Sids-1| -~ ce | Mean |Sids-1| e | g litting(S) levgels(I)
436.5 | 433.0 440.0 4479 | 440.0 455.7 |Sq I;
475.5 | 470.3 480.7 485.5 | 479.7 491.3 |S;
456.0 | 451.7 460.3 466.7 | 459.8 473.5 Mean
396.2 | 392.3 400.0 402.4 | 400.0 404.7 |Sq I,
419.9 | 418.0 421.7 4245 | 420.0 429.0 |S;
408.0 | 405.2 410.8 4134 | 410.0 416.8 Mean
325.7 | 313.0 338.3 339.4 | 332.0 346.7 |Sq I;
365.5 | 357.7 373.3 370.0 | 360.0 380.0 |S,
345.6 | 335.3 355.8 354.7 | 346.0 363.3 Mean
------ 397.4 409.0 | -------—- | 405.3 417.9 General mean
386.1 | 379.4 392.8 396.5 | 390.7 402.4 |Sq CxS
420.3 | 415.3 425.2 426.7 | 4199 4334 |S,
LSD F test LSD F test F test and LSD
4.160 * 1.536 * I
_____ * e * S
_____ * e * C
4.307 * 6.161 %* IxS
3.216 * 2.274 %* IxC
NS NS SxC
NS NS IxSxC
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1000- Kernel weight (g): Ex-
hibited data in Table 5 focus that ir-
rigation levels, nitrogen fertilizer
splitting, cultivars and their interac-
tions involved here had a significant
effect (p< 0.05) on 1000 kernel
weight in the two growing seasons
except the effect of first order inter-
action between nitrogen fertilizer
splitting and cultivars in the first sea-
son only. Significant differences in
1000-grain  weight were noted
among various water stresstreat-
ments. [; had significantly higher
1000-grain weight than all other wa-
ter stress treatments in both seasons.
Similar effects of water stress on
1000-grain weight were also re-
ported by Qadir et al. (1999), Dencic
et al. (2000) and Akram (2011). Fur-
thermore, the highest mean values of
1000- kernel weight (51.72 and
50.95 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
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
Hirzel et al.(2010), El-Agrodi et al.
(2011) and Rahman et al. (2011).
Concerning the studied cultivars ef-
fect, data show that Sids-1 cultivar
surpassed Giza-168 one in this re-
spect 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
(59.17 and 58.18 g) in the first and
second seasons, respectively, were
obtained from high irrigation level
(I;) with Sids-1 cultivar subjected to
four splits of nitrogen fertilizer.
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Table 5. Effect of irrigation levels, Nitrogen splitting, cultivars and their interac-

tions on 1000 kernel weight

2013/2014 2012/2013 Seasons
Sids- Giza- Sids- Giza- tivars(C) Irrigation
Mean | 168 | Mean | 168 | Splitting levgels(l)
53.02 | 53.78 52.25 | 53.89 | 54.50 53.27 | S I,
56.66 | 58.18 55.13 57.84 | 59.17 56.50 | S,
54.84 | 55.98 53.69 | 55.86 | 56.83 54.88 Mean
4790 | 48.37 4743 | 48.41 | 49.07 47.75 | §4 I,
50.61 | 51.38 49.83 51.13 | 51.77 50.48 | S,
49.26 | 49.88 48.63 | 49.77 | 50.42 49.12 Mean
42.23 | 43.57 40.88 | 43.07 | 43.92 4222 | S Iz
45.60 | 46.03 45.17 | 46.19 | 46.75 45.63 | S,
43.92 | 44.80 43.03 | 44.63 | 45.33 43.93 Mean
----- 50.22 48.45 ----- | 50.86 49.31 General mean
47.71 | 48.57 46.85 | 48.46 | 49.16 47.75 | §4 CxS
50.95 | 51.86 50.04 | 51.72 | 52.56 50.87 | S,
LSD F test LSD F test F test and LSD
0.129 * 0.299 * |
_____ * —e * S
_____ * —e * C
0.207 * 0.582 * IxS
0.153 * 0.252 * IxC
0.125 L NS SxC
0.217 * 0.356 * IxSxC

Kernels weight spike': Data
presented in Table 6 reveal that in-
volved irrigation levels, nitrogen fer-
tilizer splitting, cultivars and their in-
teraction had a significant effect (p<
0.05) on kernels weight spike™ trait in
the two growing seasons. Thus,
weight of kernels spike” was de-
creased linearly by shortage in
amount of water applied to wheat
plants and the heaviest kernels spike™
were registered from [; treatment
(3.73 and 3.60g) while, the thin nest
kernels spike” were obtained from I
treatment (2.68 and 2.60g) in the first
and second seasons, respectively.
This is to be logic since the same
trend was obtained with regard 1000
kernels weight and consequently
weight of kernels spike”. Similar ef-
fects of water stress on 1000-
grainweight were also reported by
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Qadir et al. (1999), Dencic et al.
(2000) and Akram (2011). Moreover,
the splitting nitrogen fertilizer to four
splits increased weight of kernels
spike'as compared to the other split-
ting treatment (two splits) and the
amount of increments were reached
about 11.49 and 14.13 % 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 ker-
nels weight trait as mentioned before
and consequently produced the high-
est mean values of kernel weight
spike”’.The similar results were re-
ported by El-Agrodi efal.(2011). Fur-
thermore, Sids-1 cultivar surpassed
Giza-168 one and produced the high-
est mean values in this respect (3.14
and 3.05 g) in the first and second
seasons, respectively. This is logic
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since the same cultivar recorded the
highest mean values with regard to
1000 kernels weight trait as men-
tioned before and consequently pro-
duced the highest mean values of
kernels weight spike™ trait. These re-
sults are in agreement with that ob-
tained by Al-Tabbal (2011). Concern-
ing the second order interaction, data
illustrated in this respect focus that

cultivated Sidis-1 cultivar subjected
to I, irrigation level and received ni-
trogen fertilizer at four equal doses
gained the highest mean values of
kernels weight spike’ (3.96 and
3.91g) in the first and second seasons,
respectively. This is to be expected
since the same interaction was sig-
nificant with regard to 1000 kernel
weight.

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

tions on kernels weight spike™(g)

2013/2014 2012/2013 Seasons
. Giza- . Giza- ultivars(C) | Irrigation
Mean |Sids-1| — ce | Mean |Sids-1| ce | g litting(S) lev%ls(l)

3.20 | 3.29 3.11 3.34 3.49 3.19 |§ I;
3.76 | 3.91 3.61 3.84 3.96 3.73 S,
348 | 3.60 3.36 3.60 3.73 3.46 Mean
2.84 | 2.88 2.80 2.88 2.92 2.83 St I,
298 | 3.01 2.94 3.03 3.08 297 |S;
2.91 2.95 2.87 2.95 3.00 2.90 Mean
2.23 | 247 1.98 2.39 2.62 2.16 |Sq Iz
270 | 2.72 2.68 2.73 2.74 272 |8,
247 | 2.60 2.33 2.56 2.68 2.44 Mean
----- 3.05 2.86 - 3.14 2.93 General mean
2.76 | 2.88 2.63 2.87 3.01 2.73 Sq CxS
3.15 | 3.21 3.08 3.20 3.26 3.14 |S;

LSD F test LSD F test F test and LSD

0.044 * 0.057 * 1

______ * o * S

______ %* e %* C

0.055 * 0.119 * IxS

0.025 * 0.049 * IxC

0.020 * 0.040 * SxC

0.035 * 0.069 * IxSxC

Biological yield (ton fed.'l):
Data illustrated in Table 7 focus that
the studied irrigation levels had a sig-
nificant effect (p< 0.05) on the bio-
logical yield in both seasons. Thus,
biological yield was decreased sig-
nificantly with decreasing amount of
water applied to wheat plants. De-
creasing irrigation water amount from
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I, to I, or I5 resulting in the decrease
in biological yield reached about
13.44 and 42.56 %, respectively in
the first season, being, 13.41 and
45.67 % 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
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spike'as mentioned previous. 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 also,
reveal that splitting nitrogen fertilizer
had a significant influence (p< 0.05)
on the biological yield in both sea-
sons. Splitting nitrogen fertilizer into
four equal doses produced the highest
mean values of biological yield (9.14
and 8.77 t fed") in the first and sec-
ond seasons, respectively. This is
logic since the same trend was ob-
tained with regard to plant height,
number of spikes m” and weight of
kernels spike™'as mentioned previous.
Moreover, the presented data state
that wheat cultivars varied signifi-
cantly in this respect in the two grow-
ing seasons. Thus, Sids-1 cultivar
surpassed Giza -168 one and pro-
duced the highest mean values of bio-
logical yield (8.90 and 8.54t fed) in
the first and second seasons, respec-
tively. The differences between culti-
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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 first
order interaction between irrigation
and splitting or cultivars had a sig-
nificant effect on biological yield in
both seasons. On the other hand, the
first order interaction between split-
ting and cultivar as well as the second
order interaction among irrigation,
splitting and cultivars don’t affect
significantly biological yield in the
first season only, while the effects of
previous interactions are significant
in the second season. Thus, the high-
est mean value of biological yield
(10.80 t fed"') in the second season
was obtained fromSids-1 cultivar
subjected to I; irrigation level and re-
ceived nitrogen 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™)

2013/2014 2012/2013 Seasons
Mean | Sids-1 | Giza-168 | Mean | Sids-1 | Giza-168 Spmﬁng(i;;t‘vars(c) Ilrg%;t(‘;’)“
9.98 | 10.00 9.96 10.13 | 10.27 10.00 |S, I,
10.60 | 10.80 10.40 10.98 | 11.24 10.72 |S,

10.29 | 10.40 10.18 10.56 | 10.75 10.36 Mean
8.42 | 8.80 8.03 8.77 8.96 8.57 |S; I,
9.40 | 9.60 9.20 9.51 9.68 933 |S,
8.91 9.20 8.62 9.14 9.32 8.95 Mean
4.88 | 5.40 4.35 5.43 5.84 5.02 |S I3
6.30 | 6.64 5.95 6.94 7.42 6.45 |S,
5.59 | 6.02 5.15 6.19 6.63 5.74 Mean
-—— 8.54 798 | - 8.90 8.35 General mean
7.76 | 8.07 7.45 8.11 8.36 7.86 |S; CxS
8.77 | 9.01 8.52 9.14 9.45 8.84 |S,
LSD F test LSD F test F test and LSD
0.150 * 0.150 * I
I %k I %k S
I %k I %k C
0.275 * 0.085 * IxS
0.068 * 0.093 * IxC
0.056 * ———- NS SxC
0.097 * ———- NS IxSxC

Grain yield (ardab fed.):
Data exhibited 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
water applied to wheat plants. De-
creasing irrigation water amount
from I; to I, or I5 resulting in the de-
crease in grain yield reached about
33.15 and 47.85 %, respectively in
the first season, being, 32.17 and
48.43 % 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 biologi-
cal yield as mentioned previous.
These findings were in a good line
with those obtained by Qadir et al.
(1999), Dencic et al. (2000) and Ak-
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ram (2011). Furthermore, the data
also, reveal that splitting nitrogen
fertilizer had a significant influence
(p< 0.05) on the grain yield in both
seasons. Splitting nitrogen fertilizer
into four equal doses produced the
highest mean values of grain yield
(18.95 and 18.45 ardab fed') in the
first and second seasons, respec-
tively. This is logic since the same
trend was obtained with regard to
1000 kernels weight, weight of ker-
nels 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, Sids-1 cultivar surpassed Giza
-168 one and produced the highest
mean values of grain yield (18.19
and 17.64 ardab fed™) in the first and
second seasons, respectively. This is
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logic since the same trend was ob-
served with regard to weight of ker-
nels spike. The differences between
cultivars are mainly due to the inter-
action 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 in this re-
spect 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 season. Thus, the
highest mean value of grain yield
(28.13 and 28.02 ardab fed') in the
first and second seasons, respec-
tively, were obtained from Sids-1
cultivar subjected to I; irrigation
level and received nitrogen fertilizer
at four splits.

Table 8. Effect of irrigation levels, Nitrogen splitting, cultivars and their interac-

tions on grain yield (ardab fed™)

2013/2014 2012/2013 Seasons
. Giza- . Giza- Itivars(C)| Irrigation

Mean [Sids-1| —; cg | Mean | Sids-1] oo g pieting( levgels(I)
19.58 | 21.03 18.12 2098 | 22.32 19.63 |Sq I;
2591 | 28.02 23.80 26.61 | 28.13 25.09 |S;
22.75 | 24.53 20.96 23.80 | 25.23 22.36 Mean
14.52 | 15.07 13.96 1492 | 15.33 1451 |Sq I,
16.36 | 16.80 15.91 16.89 | 17.30 16.47 |S,
15.43 | 15.93 14.93 1591 | 16.32 15.49 Mean
10.38 | 11.52 9.24 11.48 | 12.26 10.69 |Sq I;
13.08 | 13.39 12.76 13.35 | 13.82 12.87 |S,
11.73 | 12.45 11.00 12.41 13.04 11.78 Mean
----- 17.64 15.63 ———-- 18.19 16.54 General mean
14.82 | 15.87 13.77 15.79 | 16.64 1494 |Sq CxS
18.45 | 19.40 17.49 18.95 | 19.75 18.14 |S,

LSD F test LSD F test F test and LSD

0.610 * 0.232 * 1

_____ * —e * S

_____ * —e * C

0.727 * 0.350 * IxS

0.261 * 0.152 * IxC

0.213 * 0.124 * SxC

0.370 * 0.215 * IxSxC

Straw yield (t fed.'l): Data ex-
hibited in Table 9 focus that the stud-
ied irrigation levels had a significant
effect (p< 0.05) on the straw yield in
both seasons. Thus, straw yield was
decreased significantly with decreas-
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ing amount of water applied to wheat
plants. Decreasing irrigation water
amount from I; to I, or I3 resulting in
the decrease in straw yield reached
about 3.43 and 38.05 %, respectively
in the first season, being, 4.07 and
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44.33 % in the second season in the
same order. This is to be expected
since the same trend was obtained
with regard to biological yield as
mentioned previous. These findings
were in a good line with those ob-
tained by Qadir et al. (1999), Dencic
et al. (2000) and Akram (2011). Fur-
thermore, the data also, reveal that
splitting nitrogen fertilizer had a sig-
nificant 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 (6.30 and 6.00 t
fed™ in the first and second seasons,
respectively. This is logic since the
same trend was obtained with regard
to biological yield as mentioned pre-
vious. Moreover, the presented data
state that wheat cultivars varied sig-
nificantly in this respect in the two
growing seasons. Thus, Sids-1 culti-
var surpassed Giza -168 one and
produced the highest mean values of
straw yield (6.17 and 5.89t fed™ in
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the first and second seasons, respec-
tively. This is logic since the same
trend was observed with regard to
biological yield as mentioned before.
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 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 season. Thus, the
highest mean value of straw yield
(7.06 and 7.24 t fed™" in the first and
second seasons, respectively was ob-
tained from Giza-168 cultivar sub-
jected to I; irrigation level and re-
ceived nitrogen fertilizer at two
splits.



Assiut J. Agric. Sci., (47) No. (6-2) 2016 (344-362)
Website: http://www.aun.edu.eg/faculty agriculture

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

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

tions on straw yield (ton fed™)

2013/2014 2012/2013 Seasons
. Giza- . Giza- tivars(C Irrigation

Mean \Sids-1| ~ ge | Mean |Sids-1} o0\ g itting © lev%ls(l)
7.04 | 6.85 7.24 6.98 6.92 7.06 Sq I;

6.71 6.60 6.83 6.99 7.02 6.96 S

6.88 6.72 7.04 6.99 6.97 7.01 Mean

6.24 | 6.54 5.94 6.53 6.66 6.39 Sq I,

6.95 7.08 6.81 6.98 7.09 6.86 S

6.60 | 6.81 6.38 6.75 6.87 6.63 Mean

332 | 3.67 2.96 3.71 4.00 3.42 Sq Iz

434 | 4.63 4.04 4.94 5.35 4.52 S

3.83 4.15 3.50 4.33 4.67 3.97 |Mean

--- 5.89 5.64 -—-- 6.17 5.87 |General mean

5.54 | 5.69 5.38 5.74 5.86 5.62 Sq CxS

6.00 | 6.10 5.90 6.30 6.49 6.12 S

LSD F test LSD F test F test and LSD

0.303 * 0.078 * |

e % e % S

e % e % C

0.330 * 0.069 * IxS

0.190 * 0.061 * IxC

0.155 * 0.050 * SxC

0.268 * 0.086 * IxSxC

Nitrogen use efficiency nitrogen fertilizer into four equal

(NUE): Data exhibited in Table 10
focus that the irrigation levels stud-
ied had a significant effect (p< 0.05)
on the NUE in both seasons. Thus,
NUE was decreased significantly
with decreasing amount of water ap-
plied to wheat plants. Decreasing ir-
rigation water amount from [, to I, or
I; resulting in the decrease in NUE
reached about 33.16 and 47.85 %,
respectively in the first season, be-
ing, 32.12 and 48.42 % in the second
season in the same order. This is to
be expected since the same trend was
obtained with regard to grain yield as
mentioned previous. Furthermore,
the data also, reveal that splitting ni-
trogen fertilizer had a significant in-
fluence (p< 0.05) on the NUE yield
in the two growing seasons. Splitting
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doses produced the highest mean
values of NUE (37.90 and 36.89kg
grain/kg N applied) in the first and
second seasons, respectively. This is
logic since the same trend was ob-
tained with regard to grain yield as
mentioned previous. Similar ob-
tained were found by Rahman et al.,
(2002) and Rahman et al. (2011).
Moreover, the presented data state
that wheat cultivars varied signifi-
cantly in this respect in the two
growing seasons. Thus, Sids-1 culti-
var surpassed Giza -168 one and
produced the highest mean values of
NUE (36.39 and 35.27kg grain/kg N
applied) in the first and second sea-
sons, respectively. This is logic since
the same trend was observed with
regard to grain yield. The differences
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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 Rahman et al. (2002). Fur-
thermore, the all first order interac-
tions in this respect had a significant
effect on NUE in both seasons.
Also, the second order interaction

among irrigation, splitting and culti-
vars had a significant effect on NUE
in the two growing season. Thus, the
highest mean value of NUE (56.26
and 56.03kg grain/kg N applied) in
the first and second seasons, respec-
tively, was obtained from Sids-1 cul-
tivar 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 N.

2013/2014 2012/2013 Seasons
. Giza- . Giza- tivars(C Irrigation

Mean [Sids-1| 7o | Mean [Sids-1| oo | g 1itting © lev%ls(l)
39.16 | 42.06 | 36.25 | 41.95 |44.65| 39.25 |$; I
51.81156.03| 47.59 | 53.23 |56.26 | 50.19 |8,
4548 | 49.05 | 41.92 | 47.59 |50.46| 44.72 |Mean
29.02 | 30.13 | 27.91 | 29.84 |30.67 | 29.01 |S; I,
32.71 133.60 | 31.82 | 33.77 |34.60 | 32.94 |S,
30.87 | 31.87 | 29.87 | 31.81 |32.64| 30.98 |Mean
20.77 | 23.04 | 18.49 | 22.96 |24.54| 2137 |$; Iz
26.15|26.77 | 25.53 | 26.69 |27.64| 25.74 |S,
23.46 | 2491 | 22.01 | 24.82 |26.09| 23.56 |Mean
----- 35.27 | 31.27 ----- 136.39 | 33.08 |General mean
29.65|31.74 | 27.55 | 31.58 |33.29 | 29.88 |S; CxS
36.89 1 38.80 | 34.98 | 37.90 [39.50 | 36.29 |8,

LSD F test LSD F test F test and LSD

0.247 * 0.119 * I

I * —_ * S

I * R * C

0.252 * 0.118 * xS

0.282 * 0.154 * IxC

0.194 * 0.132 * SxC

0.279 * 0.219 * IxSxC
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