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ABSTRACT

Climate change scenarios require reconsidering different agricultural practices including sowing dates and irrigation
intervals. For this purpose, a field experiment was carried out at the Agricultural Research Farm of Sakha Agricultural Research
Station, Kafr-Elsheikh Governorate during the successive winter seasons 2013/2014 and 2014/2015 to investigate the impact of
deficit water irrigation and sowing dates on wheat crop productivity(7riticum aestivum L.). The experimental site located at
latitude of 30°: 37"N, longitude of 31 ° - 577 E, and altitude of +6 meters above the sea level. The experimental design was split —
plot with three replicates. The main plot was assigned to sowing dates of 15" November (S;) , 30" November (S,) and 15"
December (S;), while the sub plot was assigned to irrigation treatments i.e. I; (given four irrigations plus the sowing irrigation, I,
(given three irrigations following the sowing irrigation) and I (given two irrigations after the sowing irrigation). The highest
mean values of water applied (Wa) and consumptive use (CU) were 613.6 and 485.6 mm under treatment S;I; , respectively.
While the corresponding lowest mean values were 363.3 and 310.4 mm under treatment S;I; . The highest contribution
percentages of rainfall to water applied (Wa) were 46.6% and 38.4 % for treatments S;I; under third sowing date in the first
season. While, in the second season were 43.4% and 35.7% for treatments S,I; under the two sowing date, respectively. The
lowest contribution percentages were 27.3%, 31.7 % and 27.8% , 32.4% for treatment S;I; under first sowing date in two
seasons. Moreover, the highest mean values of grain water productively (WP,), straw water productively (WP,) were recorded
under S; and I in the first season with values of 1.47, 1.48, 2.27 and 2.19 kg m™, respectively. While in the second season the
highest values were recorded under S, and I; with values 1.7, 1.59, 2.31 and 2.41 kg m™, respectively. The highest mean values
of productivity of water applied for grain and straw (PWag , PWas ) were recorded under S,, 15, in two growing seasons with
values of 1.17, 2.23, 1.39, 1.33,1.82, 1.89, 1.97 and 1.92 kg m>, respectively. In addition, biological yield, grain yield, straw
yield, plant height and 1000-grain weight given the highest values under SI; , S;I; in the two seasons.
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INTRODUCTION upon the irrigation system, the performance of that
system, production costs, and the type of crop. Moussa

In the recent decades, Egypt is facing a serious .y 1pior Maksoud (2004) stated that irrigated wheat

crisis ﬁn the la\{ailabie wqtier sgpﬁ)li;:ls due]‘,).;o thef rfa;lpi;d1 crop with 40-45 % (I,), 60-65 % (L) and 80-85 % (Is)
growth population alongside with the stability of fres from the available soil moisture resulted in decreasing

water resources. On the other hand, the? expecFed adverse oo e efficiency as 427.6, 375.3 and 279.4 mm/
impacts of climate change scenarios might cause

additional threat to our future water planning. All stated
factors resulted in decreasing the capital share of water to
be less than the water poverty limit (1000 m® per annum),

season for I1, 12 and I3 irrigation treatments,
respectively.

Sowing date also plays vital role in the water use
. . efficacy. Ouda et al.(2005) studied six sowing dates (1st
and it is expe3ct§d to reach the wa?er scarcity level of less of October, 15th of October, Ist of November, 15th of
than >00 m m the few. coming decades. At such November, Ist of December, and 30th of December) on
cqcumvstances, it is very dlfﬁcplt to make any progress wheat yield (Sakha 93), in addition to water stress at
with different national economic sector of development. different growth stages. Results indicated that wheat

Thergfore, it is strongly re.commepded to look .for sowing date in October reduced grain yield by about
sustainable management practices to improve crop yield 10%. Whereas, delay of sowing date fill the end of

productivity (particularly economic crops) under these December decreased yield by about 16%. The highest

environmental threats. grain yield was obtained when wheat was sown on the

Wheat is the main strategic cereal crop in Egypt first of December, followed by 15th of November
and worldwide. Production of wheat in Egypt is less than compared with othe; sowing dates ’

the consumption of the nations. It is the most important Several reports investigated the effect of sowing
staple food of about two billion people (36% of the world date on water use efficiency. According to Xue ef al.

population). Worldwide, wheat provides nearly 55% of (2006) deficit irrigation increased WUE of wheat. Also,

ﬂie b"alrlb“gdf,ates and dzg% of tlhgeggoo‘li calories ;"Esumed Zhang et al. (2005) and Rezgui (2014) showed that WUE
globally (Breiman and Graur, ). It is one of the most is higher under supplemental irrigation with 60% of

widely consumed cereal crops grown globally under ... Evapotranspiration (2.2 kg grains m>)
different environmental conditions. Therefore, increasing compared to supplemental irrigation with 90% ETM

of crop productivity from each unit of water and soil (1.95 kg grains m?). Also Rezgui et al. (2005) showed

becomes 1 mustl.)l As cities grow and g p(}pulatlons that irrigation increased WUE of Durum wheat in the
increase, the problem worsens since needs for water oo o544 region of Tunisia from 0.86 kg grains m™ to

increase in households, industry and agriculture. Deficit 124 grains m>, respectively for rainfed and irrigation
irrigation is profitable when the revenue lost due to yield with 90% ETM.’

reduction is less than the savings in costs of production Cheikh M’hamed er al (2015) indicated that
due to applying less than the required water. The impact

. . irrigation  affect considerably the daily water
of water stress on yields and economic returns depend g Y Y

consumption, cumulative water consumption, total dry
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matter, grain yield and WUE. However, this effect was
variable between cropping seasons and treatments tested
(D1, Dy, D; and D, water regimes). The cumulative water
consumption increased gradually, with increasing
irrigation levels. The relationship between total dry
matter and water consumption was linearly regression
with high correlation coefficient. WUE compared to
TDM (WUE-TDM) of wheat decreased with increase of
irrigation levels and the higher WUE-TDM was obtained
under rainfed condition (D4).However, contrary result
was recorded for WUE compared to grain yield (WUE-
GY). The irrigation increase WUE-GY and the highest
value was obtained under moderate irrigation.

Therefore the main objectives of this study are to
find out the interaction effects of different sowing dates

and water deficit particularly on water productivity of
wheat crop. In addition, crop water functions should be
determined owing to produced more crops per less water.

MATERIALS AND METHODS

A field experiment was carried out during the
two wheat growing seasons of 2013/2014 and
2014/2015 at Sakha Agricultural Research Station. The
site is located at North Nile Delta with 30°-57' N
latitude, 31°-07'E longitude and altitude of about +6
meters above the sea level. Climatic elements of the
area during the two growing seasons are presented in
Table 1. The climatic data was recorded by Sakha Agro
climatic Station.

Table 1. Mean of climatic elements of air temperature (°C), mean relative humidity (RH, %), wind speed (U,,
m.sec™), evaporation pan (Ep, mm.d") and rainfall (Rf, mm month™) during the two wheat growing

seasons.
T,C° RH, U,, Ep, Rf,
Month Max Min Mean % m.sec’ mm.d! mm
Season 2013/2014
Nov.2013 25.39 15.14 20.27 75.72 0.80 2.28 0.00
Dec.2013 19.64 8.51 14.08 79.84 0.61 4.15 81.90
Jan.2014 20.34 7.55 13.95 80.55 0.54 1.60 20.70
Feb.2014 20.64 8.19 14.42 79.53 0.79 2.52 16.50
Mar.2014 22.94 11.71 17.33 71.45 0.96 3.14 26.20
Apr.2014 27.50 15.53 21.52 65.80 1.07 491 20.20
Seasonal 22.74 11.11 16.93 75.48 0.80 3.10 165.50
Season 2014/2015
Nov.2014 24.30 13.79 19.05 74.15 0.78 2.77 24.60
Dec.2014 22.27 9.72 16.00 76.05 0.53 1.72 5.70
Jan.2015 18.79 6.46 12.63 74.60 0.82 2.70 52.55
Feb.2015 19.01 7.65 13.33 74.75 0.84 2.90 38.80
Mar.2015 22.69 11.69 17.19 70.59 1.01 3.23 15.25
Apr.2015 25.64 13.70 19.67 63.40 1.11 6.07 35.85
Seasonal 22.12 10.50 16.31 72.26 0.85 3.23 172.75

1- Physical and chemical properties of the soil:-

Soil samples from different depths (0-15 cm), (15-30
cm), (30- 45 cm) and (45-60cm) were taken from the studied
site. Soil- water constant such as soil field capacity (F.C) and
wilting point were determined according to James (1988)
and The bulk density was determined according to Klute,
(1986).The soil texture, the particle size distribution was
determined according to the International method (Klute,
1986). The obtained results indicated that the soil texture is
clayey as shown in Table 2. Chemical properties such as
total soluble salts (soil Ec, dS m™), soil reaction (pH), both
soluble cations and anions were determined according to the
methods described by (Jackson, 1973). Sos~ was calculated
by the difference between soluble cations (meq L) and
anions (meqL™") as tabulated in Table 2.

2- Agronomic practices

Wheat (Triticum aestivum L.) Variety Misr 2 was
cultivated. All agronomic practices for wheat crop in the
studied area were implemented based on the
recommendations of the Agricultural Research Center
(ARC) except the studied treatments (irrigation treatments
and sowing dates). The experimental design was a split- plot
with three replicates where the main plots were sowing dates
and subplots was irrigation treatments as follows:

The main plots (sowing dates):

S;= sowing date on 15" November.

S,= sowing date on 30" November.

S;= sowing date on 15" December.

The sub main plots (irrigation treatments):

I, = four irrigations following sowing irrigation

I, = three irrigations following sowing irrigation
I3 = two irrigations following sowing irrigation.

Statistical design and analyses:

All statistical analyses were performed with Co-stat
(version 6.3030 and Microsoft Office Excel 2010 programs.
3- Data collection
a.Water parameters:

1- Irrigation water (IW)

Irrigation water was measured by contracted
rectangular weir (Michael, 1978):

Q =0.0184(L - 0.2H) H'?
In which
Q = discharge, litre/second

L = length of crest, cm
H = head over the crest, cm.

2- Effective rainfall (Rf,)
Effective rainfall (Rf.) was computed as rainfall
multiply by 0.7 (Novica, 1979).
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3- Water applied (Wa)

Water applied equaled irrigation water (IW) plus
total rainfall (3 Rf).

4- Water Consumptive use (CU)

Actual water consumptive use (CU) or so-called
crop evapotranspiration (ET,) was determined based on
soil moisture depletion in the effective root zone of 60
cm as follows (Hansen et al., 1979):

C FC—8 Db d
" 100 Dw

Where:
CU = consumptive use or actual crop water consumed, cm.
FC = soil moisture content on weight basis at field capacity
O = soil moisture content on the weight basis before irrigation
Db = bulk density (kg.m™)
Dw = density of water (kg.m™)
d = effective root zone of 60 cm.
It should be notified that soil moisture depletion
included the effective rainfall Rf, as described before.
3- Crop-water functions
1- Water productivity (WP):
Water productivity as defined by Bos (1980) is
the parameter of crop-water functions which reflects the

capability of crop water consumed in producing
marketable yield as follows:
WP =Y/CU

Where:
WP = water productivity (kg.m™ water consumed)
Y = marketable yield (kg) for grain and straw
CU = crop-water consumption (m®).
2- Productivity of water applied (PWa, kg m?):

Productivity of water applied (PWa) was
calculated according to Ali et al. (2007).

PWa=Y/Wa

Where:
PWa = productivity of water applied (kg m™)
Y =yield (kg fed™ for grain and straw
Wa = water applied (m’. fed™) where equal irrigation water (IW)
(m’. fed™ or mm) plus rainfall (Rf) (m>. fed" or mm)

3- Vegetative, yield and yield components:
1- Plant height at harvest, cm.
2- 100 grain weight, gm.
3- Biological yield, kg fed.
4- Grain yield, kg fed™.
5- Straw yield, kg fed ™.
6- Harvest index, %.
Harvest index = (grain yield / Biological yield)*100

Table 2. Some physical and chemical properties of the studied experimental soil:

Some Physical properties

Soil Particle Size Distribution

Depth Texture F.C W.P AW Bd, B

om. ’ Sand% Silt % Clay %  Class % % (%) mg m

0-15 15.70 31.00 53.30 Clay 44.61 26.56 18.05 1.04

15-30 22.40 33.10 44.50 Clay 40.20 21.44 18.76 1.09

30-45 20.70 40.30 39.00 Clayloam 38.70 20.60 18.10 1.11

45 -60 22.90 40.90 36.20 Clayloam 36.30 19.83 16.47 1.16

Mean 20.43 36.33 4325 Clayloam 39.95 22.11 17.85 1.10
Some chemical properties

Soil Ec, 1 pH Soluble ions, meq I’

Depth, , dSm’ (.1: 2.5) Cations Cations

Cm in soil paste soil waFer Ca2t ng Na' K C 032_ HCOy CI SO, 2.

extract suspension

0-15 1.83 8.65 7.31 2.18 8.70 0.22 N.D 430 9.00 5.1

15-30 2.45 8.54 9.54 5.10 9.60 0.19 N.D 390 890 11.63

30-45 2.56 8.49 9.67 5.47 10.02  0.18 N.D 370  7.80 13.84

45-60 3.01 8.37 11.50 6.28 12.00 0.17 N.D 3.60 7.00 19.35

Mean 2.46 9.51 4.76 10.08 0.19 N.D 3.88 8.18 12.48

Where: - F.C % = Soil field capacity, W.P % = wilting point, AW % = Available water, and Bd, Mg/m*= Soil bulk density, N.D. means not detected

RESULTS AND DISCUSSION

A — Water parameters
1 — Effective rainfall (Rf,)

Values of seasonal rainfall as tabulated in Table
3 and illustrated in Fig. 1 clear out that rainfall in the
studied area from November through April.
Meaningfully, rainfall is distributed among the wheat
growing season. This situation is considering rainfall as
a main component of water applied to such winter crop
of wheat. Mean values of rainfall during the studied
seasons can be arranged in descending order as 43.80,
36.63, 28.03, 27.65, 20.73 and 12.30 mm for December,
January, April, February, March and November,
respectively. In general, seasonal rainfall is in average
of 169.13 mm or 710.35 m® fed”, which is partially
water, needs to meet some winter crops such as wheat.
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Therefore, in this direction, effective rainfall
(Rf,) or the useful portion of rainfall used in crop water
consumption, which equaled rainfall multiply by 0.7
took the same trend as total rainfall (Novica, 1979).

This fact is explained by Allen (1991) who
pointed out that not all rainfall is effective in fulfilling
irrigation water requirements for these reasons:

1. Surface runoff due to high rainfall intensity, low
infiltration rates or frozen soil.

2. Deep percolation from heavy rainfall occurring
immediately following an irrigation or previous
rainfall event.

3. Evaporation of intercepted rain on plant leaves.

2 - Water applied (Wa, m® fed”' & mm)

Under the conditions of the present study, the
seasonal water applied (Wa) consists of two
components; irrigation water (IW) and rainfall (Rf)
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which are presented in Table 3 and Fig 1. During the
two seasons of study, wheat as a winter crop received
rainfall of 165.5 mm and 172.8mm, which equal 695.1
and 725.35 m’.fed”, respectively. Water applied (Wa)
decreased with decreasing number of irrigations, which
means that Wa has the same trend with number of
irrigations, the high number of irrigations is the high
amount of water applied. The highest values of
contribution percentages of rainfall to water applied
(Wa) were 46.6% and 38.4 % for treatments S;I; under
third sowing date in the first season. While, in the
second season were 43.4% and 35.7% for treatments

S,I; under two sowing date, respectively. While the
lowest contribution percentages were 27.3%, 31.7 %
and 27.8% , 32.4% for treatment S;I; under first sowing
date (S;) in general in the two growing seasons,
respectively.

Therefore, the highest Wa was associated with
the first sowing date (S;) and the maximum irrigation
number (I;). The values were 2195.5, 2300.1 and
2216.9, 2447.1 m’ fed™ in the two seasons, respectively.
The obtained results are in the same direction with that
reported by chen et al (2014).

Table 3. seasonal water applied (Wa), irrigation water (IW) and rainfall (Rf) for wheat

1 season 2" season Mean
Season
Treatment \37Va. T }W T }lf. T \;Va. T }W T Bf' T VVla. 3 IYV 3 lff.
m'fed m’fed m'fedd m'fed” m'fed m’fed” m3 fed mm mfed Mm m’fed Mm
I, 25454 1850.3 695.1 26089 1883.3 725.6 25772 613.6 1866.8 444.5 7104 169.1
S, I, 2194.1 1499 695.1 2212.6 1487 725.6 2203.4 524.6 1493 3555 7104 169.1
I; 1846.9 1151.8 695.1 18934 1167.8 725.6 1870.2 4453 1159.8 276.1 7104 169.1
In 2234.5 1539.4 695.1 24387 1713.1 725.6 2336.6 556.3 1626.3 387.2 7104 169.1
S, I, 1916.6 1221.5 695.1 1976.1 1250.5 725.6 1946.4 463.4 1236 2943 7104 169.1
I; 1613.9 918.8 695.1 1673.4 947.8 725.6 1643.7 391.3 9333 2222 7104 169.1
In 2120.5 14254 695.1 2293.7 1671.5 6222 2207.1 525.5 1548.4 368.7 658.7 156.8
S; I, 1820.3 11252 695.1 1879.8 1257.6 6222 1850.1 440.5 1191.4 283.7 658.7 156.8
I3 1490.9 795.8 695.1 1560.4 938.2 6222 1525.7 363.3 867.0 2064 658.7 156.8

Table 4. Irrigation water applied in (m*fed™) as related to interaction between sowing date and irrigation

treatments.
Seasons 1* season 2" season Mean
Treatments S, S, S; I-mean S, S, S; I-mean S, S, S; I-mean
I 25454 22345 2120.5 2300.1 2608.9 2438.7 2293.7 2447.1 2577.2 2336.6 2207.1 2373.6
I, 2194.1 1916.6 1820.3 1977 2212.6 1976.1 1879.8 2022.8 2203.4 1946.4 1850.1 2000.0
I; 18469 1613.9 14909 1650.6 1893.4 1673.4 1560.4 1709.1 1870.2 1643.7 1525.7 1679.9
S-mean 2195.5 1921.7 1810.6 2238.3 2029.4 1911.3 2216.9 1975.6 1861.0
m Rf. m23fed-1 = W m3fed-1
3000
2500
2000
wWa, m3 fed-1 1500
1000
500
0 —
s1 s2 ‘
Treatments

Fig. 1. Mean of the two seasons for water applied (m® fed™') which included irrigation water and rainfall as
affected by sowing dates and irrigation treatments for wheat

3. Crop consumptive use (CU):

The amount of crop water consumptive use (CU)
represents the useful portion of water applied in growing the
cultivated crops and ultimately in crop production. Crop
consumptive use (CU) was determined directly from the soil
moisture depletion (S.M.D) in the effective root zone.
Values of seasonal CU in m*fed” and mm are presented in
Tables (5and 6) and the mean CU illustrated in Fig (2) for
wheat during the two growing seasons. The obtained results

showed that the seasonal CU values were greatly affected by
number of irrigations, which increased with increasing the
irrigation number particularly under the same effective
rainfall (Rf,) used by the irrigation treatments under each
sowing date. Mean seasonal values of CU were, 1979.29,
1594.79 and 1395.7 m’ fed” for treatments I, L, and L,
respectively. Results in Tables (5&6) showed that values of
the CU were higher under S; than other sowing dates. Mean
values of CU, were 1761.11, 1630.01 and 1578.66 m’ fed’
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for S;, S, and S;, respectively. Average CU rate could be
arranged in descending order as; 2.5, 2.3 and, 2.32 mm day’'
for treatments S;, S,and S, and 2.86, 2.3 and 2.01 mm day'1
for treatments I;, I, and I, respectively. These results agreed

with that obtained by Moussa and Abdel-Maksoud (2004),
Khalil et al. (2007) and Cheikh M’hamed et a/ (2015) who
reported that The CU was increased with increasing
irrigation levels.

Table 5. Seasonal crop consumptive use (CU) and daily rate for wheat as affected by sowing dates and irrigation
treatments in the two growing seasons.

Season 1% season 2" season Mean
CU Period Rate, CU Period Rate, CU Period Rate,
Treatment mm mm
m’fed! mm (day) day'1 m’fed! mm (day) day'1 m’fed! mm (day) day-1
I 2031.13 483.6 2.78 2047.81 487.57 2.61 2039.47 485.59 2.69
S I, 1709.39 407.0 174  2.34 1732.42 412.48 187 221 172091 409.74 180.5 2.27
I3 1495.42 356.05 2.05 1550.47 369.16 1.97 1522.95 362.61 2.01
I, 1954.74 465.41 2.93 1970.13 469.08 2.73 1962.44 467.25 2.82
S, I, 1553.44 369.87 159  2.33 1580.63 376.34 172  2.19 1567.04 373.10 165.5 2.25
15 1330.53 316.79 1.99 1390.56 331.09 1.92 1360.55 323.94 1.96
I 1931.21 459.81 3.19 1940.68 462.07 1.94 1935.95 460.94 3.06
S3 I, 1487.72 35422 144 246 1505.14 358.37 157  2.28 1496.43 356.29 150.5 2.37
I; 1287.11 306.45 1.13 1320.07 314.30 2.00 1303.59 310.38 2.06

Table 6. Consumptive use in (m’fed”) as affected by interaction between sowing dates and irrigation
treatments during both seasons.

Seasons 1% season 2" season Mean

Treatments S, S, S; I-mean S, S, S; I-mean S, S, S; I-mean
I 2031.13 1954.74 1931.21 1983.61 2047.81 1970.13 1940.68 1913.87 2039.47 1962.44 1935.95 1979.29
L 1709.39 1553.44 1487.72 1554.52 1732.42 1580.63 1505.14 1489.73 1720.91 1567.04 1496.43 1594.79
I3 1495.42 1330.53 1287.11 1223.69 1550.47 1390.56 1320.07 1153.37 1522.95 1360.55 1303.59 1395.70
S-mean 1707.23 1579.90 1474.68 1742.9 1507.77 1306.30 1725.07 1543.84 1390.49

It should be notified that the seasonal values of CU included the effective rainfall which equal 486.57 and 507.92, 435.56 m3 fed-1 in the
two growing seasons, respectively.

m Rfe,m3 fed-1

2500
2000 -
1500 -~

CcuU,m3 fed-1
1000 —
500 -
0 —
51 ‘ 52 ‘
Treatments

Fig. 2. Mean seasonal water consumptive use (m3 fed") for wheat as affected by sowing dates and irrigation
treatments in the two growing seasons.

4. Crop — water functions

Water productivity is considered as evaluation
parameter, which reflects the yield per unit of consumed
water, i.e., WP is a tool for maximizing crop production per
each unit of consumed water. Water productivity of wheat
was computed for both grain and straw yield in kg m”. Data
obtained are presented in Table 7 and illustrated in Fig 3.
While the productivity of water applied (PWa) reflects the
capability of each unit of applied water in crop production.
Both parameters are depending upon the obtained yield as a
nominator and water either consumed (Cu) or applied (Wa)
as dominator.

Mean values of WP and PWa are presented in Table
8 and illustrated in Figs 3 and 4. Results showed that mean
values of WPg were 1.26, 1.4 and 1.48 kg grain m” in the
first season, while, in the second season values were 1.36,
154 and 159 kg grain m> resulted from irrigation
treatments I, I, and 15, respectively. From the presented data,
it is clear that values of WP of wheat are pronounced
affected by number of irrigations.

Regarding sowing date, values in Tables 7& 8 reveal
that S; treatment achieved the highest value of water
productivity with 1.47 kg grain m™ as compared to S, and
S; (1.41 and 1.27 kg grain m™ ) in the first season, while in
the second season S, treatment achieved the highest values
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of WP with 1.71kg grain m™ as compared to S; and S; (1.4
and 1.4 kg grainm™ ).

In connection with irrigation treatments, I; treatment
resulted in the highest value of WP and PWa. The mean
value of WP could be arranged in descending order as1.91,
1.84 and 1.71 kg m* consumed, while the corresponding

under irrigation treatments I;, I, and I;, respectively. These
results agreed with Sun et al (2006), Salemi et al (2011),
chen et al(2014) , Cheikh M’hamed et al (2015) Mahamed
et al. (2011) and Hamed et al. (2015) concluded that WUE
or so-called water productivity (WP) was decreased with the
increase in irrigation water applied.

value of WPa were 1.84, 147 and 143 kg m” applied

Table 7. Means of Water productivity (WP) and productivity of water applied (PWa) for wheat as affected by
different sowing dates and water deficit
WPg kg m” consumed WPs kg m” consumed PWa g kg m™ applied PWas kg m™ applied

Treatment

1% seas 2" geas 1%seas 2"seas  1%seas 2" seas 1%seas 2" seas
11 1.40 1.30 2.28 1.96 1.11 1.02 1.82 1.54
S1 12 1.48 1.43 2.14 2.03 1.16 1.12 1.66 1.59
13 1.53 1.46 2.15 2.19 1.24 1.20 1.74 1.79
11 1.25 1.56 1.97 2.41 1.09 1.26 1.72 1.95
S2 12 1.45 1.75 2.17 2.41 1.17 1.40 1.76 1.93
13 1.53 1.81 2.39 2.42 1.26 1.51 1.98 2.02
11 1.12 1.23 1.98 2.05 1.02 1.04 1.80 1.73
S3 12 1.31 1.45 2.17 2.22 1.07 1.16 1.78 1.78
13 1.37 1.51 2.26 2.32 1.18 1.27 1.95 1.96

PWa g = productivity of water applied for grain, * PWas= productivity of water applied for grain

Table 8. Mean water productivity (WP) and productivity of water applied (PWa) for wheat as affected by
interaction between sowing date and irrigation treatment in the two seasons.

Treatment Mean WPg kg m? Mean WPs kg m” Mean PWag kg m” Mean PWas kg m”
S 1 1% seas 2" seas 1% seas 2" seas 1% seas 2" seas 1% seas 2" seas
S-mean I mean S-mean I mean S-mean I mean S-mean I_.mean S-mean Lmean S-mean Imean S-mean Imean S-mean Imean
S1 11 147 126 140 136 2.19 2.08 2.06 2.14 1.17 1.07 1.11 1.11 174 178 1.64 1.74
S2 12 141 14 171 154 218 2.16 241 222 1.17 1.13 1.39 123 182 173 197 1.77
S3 I3 1.27 148 140 159 214 227 220 231 1.09 223 1.16 133 1.8 189 1.82 1.92
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Fig. 3. Means of water productivity (WP) for wheat as affected by sowing date and irrigation treatments in
two growing seasons.
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Fig. 4. Means of productivity of water applied (PWa) for wheat as affected by sowing date and irrigation
treatments in two growing seasons.
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B. Yield and its components:

The effect of sowing dates on wheat yield and its
components was significant in first season
(2013/2014).The highest grain and straw yields were
obtained from S, (15" November) with 2553.3&
3832.03 kg fed'. Meanwhile, the third sowing date (15"
December) produced the lowest grain and straw yields
as 1957.04 &3456.29 kg fed” (Table 9). On the other
hand, the highest grain yield in the second season was
obtained from S, (30" November) with 2783.3&
3979.81 kg fed”', meanwhile the third sowing date (15"
December) produced the lowest grain and straw yields
with 2187.04 &3462.12 kg fed”'. Moreover results of
weight of 1000 grain, (g) , HI, (%), Plant height, (cm)
and biological yield (kg m™ took the same trend in the
two seasons of study. The obtained results is agreed
with that obtained by Ouda et al.(2005) and Akhtar et

al. (2006) whom stated that the highest grain yield was
obtained when wheat was sown on the first of
December, followed by 15th of November, compared
with other sowing dates.

Concerning irrigation treatments, data of the two
studied seasons cleared that average yield increased
with increasing irrigation number under all sowing
dates. These results agreed with Chen et al (2014) who
reported that average yield increased with increasing
number of irrigations from rain-fed up to 4 times.
Moreover results of weight of 1000 grain (g), HI (%) ,
Plant height (cm) and biological yield (kg m) took the
same trend in the two seasons of study. These results
agreed with Singh ef al. (2009) who found that the yield
and yield components of wheat plant were decreased
with decreasing the irrigation water amount as well as
the quality.

Table 9. Means of effect of irrigation and sowing dates treatments on bio-yield (Kg fed")yield, grain and

straw yield (Kg fed™), harvest index(%) and yi

eld components for wheat

Bio. yield Kg straw yield Kg  Grain yield HI, W. of 1000 Plant height,
Treatment fed”' fed”’ Kgfed-1 Y% grain gm cm
lst an lst 2nd lst 2nd lst 2nd lst znd lst 2nd
seas seas seas seas seas seas seas seas  seas seas seas seas
11 7462.7 6676.7 4628.1 4010.3 2834.6 26664 38 39.9 49.7 47.8 98.7 903
S1 12 6186.7 6003 3651.3 3651.3 25354 2476.8 41 413 458 439 875 79
13 5506.7 5656.1 3216.7 33932 2290 22629 41.6 40 41.6 38.1  76.7 70.6
Mean 6385.4 6111.9 3832.03 3643.2 2553.3 2468.7 40.2 404 457 433 87.6 80.0
Il 6286.7 7816 3850.3 4751.4 2436.4 3064.6 38.8 39.2 448 527 89.7 993
S2 12 5613 6576.7 3366.2 3811.3 2246.8 27654 40 42.1 409 48.8 784  88.1
13 5221.4 5896.7 3188.5 3376.7 20329 2520 389 42.7 35.1 44.6 70 71.3
Mean 5707.0 6763.1 3468.3 3979.8 2238.7 27833 39.2 41.3 403 48.7 794 882
Il 5976.7 6366.7 3814.2 39742 2162.5 23925 36.2 37.6 40.7 43.7  80.4 81
S3 12 5183.7 55289 32332 3348.5 19504 21804 37.6 39.9 359 389 703 709
13 4662 5052 2903.8 3063.8 1758.2 1988.2 37.7 394 30.5 335 60.6 61.2
Mean 5274.1 5649.2 3317.1 3462.2 1957.0 2187.0 37.2 39.0 35.7 38.7 704 710
L.S.D.0.05atl 100.29 98.40 91.86 102.20 96.22 96.22 1.44 142 0316 0316 1.07 1.07
F. Test ok ok * * EEE EEES ns * B B EEE EEES
L.S.D.0.05atS. 288.09 279.81 303.61 296.69 61.10 61.10 2.44 232 0.388 0.388 1.73 1.73
F. Test ko ke EEE EEE EEE EEES * * Hokok B EEE EEES
1*S ko ko EE EEE ns ns ns Ns BT B ns ns
m Bio. yield Kgfed-1 1st seas m Bio. yield Kgfed-1 2nd seas
9000
8000
TO00
6000 —
5000 —
kg fed-1 1000 -
3000 -
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1000
D —
11 12 13 1L 12 12 11 2 3
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Fig. 5. Effect of water deficit and sowing date on biological yield of wheat.
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Treatments

Fig. 6. Effect of water deficit and sowin

date on grain and straw yield of wheat.
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Fig. 7. Effect of number of irrigations and sowing date on harvest index and weight of 1000 grain of wheat.

Therefore, it could be summarized the impact of
sowing dates and irrigation treatments on grain yield of
wheat as, first sowing (15th Nov.) is resulted in the highest
yield of 100 % followed by 88% and 77% for second and
third sowing date, respectively. While, the main
corresponding percentages regarding irrigation treatments
are 100, 91 and 82% for I1, 12 and I3, respectively.

CONCLUSION AND
RECOMMENDATIONS

The conjunctive use of rainfall with irrigation in
North Nile Delta is an effective way in rationalization of
irrigating wheat crop with its contribution is between 27.3 to
46.6% from water applied. The most suitable sowing date
for wheat in North Nile Delta is between at 15 — 30"
November. In case of enough availability of irrigation water,
four irrigation following sowing could produce the highest
wheat yield for both grain and straw. On the other hand,
water shortage as presented two irrigation after sowing could
produce about 82% from maximum yield. Mean crop water
productivity is about 1.4 kgm™ consumed. Meaningfully,
one kg wheat grain needed 0.714 m3 or 714 litre water
consumed. While, the corresponding value for straw is about
0.435 m3 or 435 litre.
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