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ABSTRACT

A field experiment was conducted during two winter seasons 2018/2019 and 2019/2020 at Sakha
Agricultural Research Station, Kafr El-Sheikh Governorate, Egypt to study the effect of deficit irrigation and weed
control treatments on grain yield and water productivity of three bread wheat genotypes. The experimental design
was stripe split-plot, with three replicates. Irrigation treatments were in the vertical plots which include 11 irrigation
at all stages (full irrigation), while Iz, 1s and ls were deficit irrigation through withholding one irrigation at
elongation, booting, and anthesis stages, respectively. Four weed control treatments were allocated in horizontal
plots that include, W1 (Gerostar + Action), W2 (Atlants), W3 (hand weeding twice), and W4 control (untreated),
Sub-Subplots were three wheat genotypes G1 (Giza 171), Gz (Sakha 95) and Gs (promising Line). The results
revealed that the highest values of plant height, number of spikes m?, number of kernels spikes?, 1000-kemel
weight, biological yield, grain yield and straw yield were recorded under 11 compared to all the studied irrigation
treatments, as well as under W1 compared to other weed control treatments and Gz compared to others genotypes
in the two seasons. The highest values of water consumptive use (CU), and applied water (AW) were recorded
under 11 to be 37.67, and 48.26 cm respectively, the values of AW under Iz, I3 and 14 were reduced by 18.5%,
17.6%, and 22.3% respectively compared to 11 as mean of the two seasons. The values of productivity of irrigation
water (P1W), and water productivity (WP) were taken the descending order W1> W2 > W3 > Wi and G2 > G1 > Gs
for weed, and genotypes respectively. It could be recommended the 12 x Wi x Gz interaction which recorded the
highest grain yield, PIW and WP, moreover saved a reasonable amount of irrigation water.
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INTRODUCTION

Wheat (Triticum aestivum L.) is one of the most
important cereal crops in the world, provides about 21% of
the food calories and 20% of the protein.

The proper wheat cultivar plays an important role in
determining the grain yield of wheat. In Egypt increasing wheat
production to reduce the gap between production and the rapid
increase in the human population is a national target, but water
scarcity is the main obstacle for horizontal expansion.

Drought is a worldwide problem; moreover, the
expected impacts of global climate change will make the
situation more serious, thus, there is a need to handle rational
irrigation management practices to save irrigation water,
enhance water productivity and increase the overall crop
production using the same available water amount. Deficit
irrigation (DI) is one of these irrigation management options,
which increase water productivity by eliminating irrigation
that has little impact on yield (Sarkar et al., 2013). Many
studies reported that deficit irrigation requires a clear
understanding of the crop response to water stress during the
growing season and water movement in the soil profile. (Tari,
2016; Saeed et al., 2017 and Fahad et al., 2019).

Water stress not only affects the morphology but also
the metabolism of the plant. The extent of modification
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depends upon the genotype, growth stage, duration, and
intensity of stress (Mark and Antony 2005). All stages of crop
growth are not uniformly susceptible to water deficit. On the
other hand, some stages can cope-up with water shortage very
well. Moisture stress reduces biomass, tillering ability, grains
per spike and grain size at any stage when it occurs, so the
overall effect of moisture stress depends on the intensity and
length of stress (Bukhat, 2005).

Selecting wheat genotypes that could tolerate drought
stress and produce acceptable yield has been the major
challenge for the wheat breeders. It has been found that under
drought stress conditions, those genotypes that show the highest
harvest index and highest yield stability are drought tolerant
(Almeselmani et al., 2015). It needs time to develop the
varieties, which have drought tolerant potential to increase the
area under cultivation and yield of the wheat crop.

The weeds cause extra competition of crop plants with
biotic factors of the environment. The large population of
weeds cause drought to the crop plants as more moisture is
taken which ultimately caused damage to crop plants, (Al et
al.,2012 and Badawi, and Kenapar 2017) so, choose the high-
yielding ability genotypes is very important to raise wheat
productivity per unit of area and suppression weed growth.
So, the main objective of the current study is to investigate the
effect of deficit irrigation and weed control treatment on
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growth, yield, yield components, and productivity of
irrigation water on some wheat genotypes.

Soil properties for the experimental site were analyzed
before cultivation, soil chemical properties were determined

according to Page et al., (1982). Particle-size distribution was
carried out using the pipette method according to Klute,
(1986), soil field capacity and permanent wilting point were
determined by using pressure membrane method at 0.33 and
15 Atm according to James, (1988). Soil bulk density was
determined according to Vomocil, (1957) and total porosity
P% was computed using values of soil bulk density according
to Black, (1965) as shown in Table 2.

MATERIALS AND METHODS
Experimental site:

A field experiment was carried out during, 2018/2019
and 2019/2020 winter seasons at Sakha Agricultural Research
Station, (31° 07' N latitude, 30° 57' E Longitude) Kafr El-
Sheikh Governorate, Egypt. The agro-meteorological data for
the two studied seasons were taken from Sakha Agro-
meteorological Stationas (Table 1).

Table 1. Monthly mean values of agro-meteorological data of Sakha Station in 2018 /2019 and 2019/2020 winter seasons.

Air temperature Relative humidity Wwind Pan .
Seasons Months - - Speed evaporation Rain
Max. Min. Mean Max. Min. Mean Mean (mm d) (mm)
(C) (C) (C) (%) (%) (%) (kmd)
November 25.00 17.40 21.20 86.60 54.60 70.60 24.20 1.60 11.90
December 19.50 13.90 16.70 88.70 62.40 75.55 2450 0.84 21.70
2018/ January 18.90 12.30 15.60 82.30 53.30 67.80 3310 114 14.90
2019 February 19.70 14.30 17.00 86.90 58.20 7255 28.60 1.78 15.30
March 21.70 17.60 19.65 87.80 56.60 72.20 45.70 2.86 17.30
April 25.10 21.30 2320 80.80 48.60 64.70 44.80 3.70 3.90
May 33.00 26.29 29.65 71.20 44.20 57.70 104.33 6.15 0.00
November 27.40 25.10 26.25 82.80 48.30 65.55 36.60 231 0.00
December 21.40 13.40 17.40 86.90 58.90 72.90 3850 2.66 60.68
2019/ January 18.40 11.80 15.10 86.70 62.70 7470 30.00 2.09 67.50
2020 February 20.40 12.70 16.55 84.60 56.50 70.55 51.00 183 14.30
March 22.60 15.60 19.10 81.10 53.90 67.50 80.10 5.12 60.80
April 26.00 18.90 2245 80.00 45.10 62.55 98.80 6.08 0.00
May 31.90 23.80 27.85 68.90 38.40 53.65 114.40 7.70 0.00

Table 2. The mean values of some chemical and physical soil properties of the experimental site for both growing seasons.

Soil depth  Field capacity ~ Wilting Bulk density ~ Total porosity Sand  Silt Clay Texture ECe H
(cm) (%) point (%) (Mg m3) (%) (%) (%) (%) class  (dSm? P
0-15 46.71 23.66 119 55.09 1922 2693 5385 Clayey 1.93 8.31
15-30 42.08 21.98 124 5321 1943 2632 5425 Clayey 2.25 8.39
30-45 40.24 2152 1.38 47.92 2015 2544 5441 Clayey 2.68 8.54
45-60 39.73 20.19 145 45.28 1961 2683 5356 Clayey 3.05 8.68
Mean 4219 21.84 1.32 50.38 1960 2638 5402 Clay 248

Experimental design and treatments:

The experimental design was a stripe split-plot, with
three replicates. The irrigation treatments (I) were located in
the vertical plots: li-irrigation at all stages, irrigation at
planting plus four irrigations (full irrigation), l,-irrigation as
I;, with withholding one irrigation at elongation stage, I3
irrigation as 1, with withholding one irrigation at booting
stage and 14 irrigation as I3, with withholding one irrigation at
anthesis stage.

Horizontal plots were four weed control (W), to
control annual weeds of broad-leaves (Chenopodium album,
Sonchus oleraceus and Anagallis arvensis) and grassy weeds

(Phalaris minor and Poa annua) in the wheat crop, the
treatments were as follows: W, (Gerostar at the rate of 20 g
ha'l spraying 21 days after planting (DAP) + Action at the rate
of 336 g ha* spraying 40 DAP), W, (Atlants at the rate of 960
cm ha'! spraying 40 DAP), W5 (Hand weeding twice 30 and
45 DAP) and W, control (untreated).The weeds were
identified into species and classified into annual broadleaf ,
grasses, and total annual weeds. The dry weights of each
species were determined in g m=,

Sub-Subplots were three wheat genotypes (G): G:
(Giza 171), G, (Sakha 95), and G3 (promising Line) as shown
in Table (3).

Table 3. Cross name, pedigree and selection history of the three bread wheat genotypes.

Genotypes Pedigree Selection history

Gizal71 SAKHA 93/GEMMEIZA 9 S.6-1GZ-4GZ-1GZ-2GZ-0S.

Sakha 95 PASTOR // SITE /MO /3/ CHEN / AEGILOPS SQUARROSA  CMAO01Y00158S-040POY-040M 030ZTM-
(TAUS) // BCN /4/ WBLL1. 040SY-26M-0Y-0SY-0S.

Promising line CHEN/AEGILOPS SQUARROSA $.16280-020S-0155-4S-0S.

(TAUS)/IBCN/3/2*KAUZ/4/GEN*2//BUC/ FLK /3/ BUCHIN.

Wheat genotypes were planted on the 19" and 28"
November in both seasons, respectively, the agricultural
practices were carried out according to the local
recommendations of the Agricultural Research Center. The
irrigation treatments were isolated by ditches of 2.5 m in
width to avoid lateral movement of water. The weed control

treatments were sprayed with a knapsack sprayer by the flat
nozzle and the water volume used was 500 liters ha'™.

The recorded data were days to heading, days to
maturity, plant height (cm), number of spikes m?, number of
kernels spikes, 1000-kernel weight (g), biological yield (ton
ha'l), grain yield (ton ha™) and straw yield (ton ha™®).
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Applied Water (AW)

The applied irrigation water to each experimental plot
was measured using PVVC spile tubes (5 cm inner diameter of
80 cm length). The spile tubes were utilized to let water flows
from field ditches into each plot. The effective water head
above the cross section center of the spile was kept constant
at 10 cm using a fixed sliding gate type. Stage gauges were
placed in each plot to measure the water depth which flows
through the spiles. The amount of water in each application
was recorded and the consumed time was also monitored
using a stop watch. The amount of water delivered through
the spile tube was calculated according to Majumdar (2002)
by the following equation;

q = CAV2gh
Where: q is the discharge of irrigation water (cm®sec?), C is discharge
coefficient equal 0.62 (determined by experiment), A is the inner
cross section area of the irrigation spile (cm?), g is a gravity
acceleration (cm sec?), and h is the average effective head (cm).

The volume of water delivered for each plot was

calculated by substituting Q in the following equation:
Q=qXxTXn
Where: Q is the volume of water m® plot?, g is the discharge (m® min?), T

is total irrigation time (min) and n is number of spiles tube per

each plot.

The amount of applied water (Aw) during the whole
growing season including effective rainfall was calculated
according to Early (1975), following the formula given
below.

Aw (m*ha’) = Iw +R
Where Aw is amount of seasonal applied water (m*ha™); Iw is amount of
water delivered to the field plot by irrigation(m®ha?); and R is
effective rainfall (m*® ha') where, Effective rainfall=incident
rainfall x 0.70 (Novica, 1979)]. The amount of water in “cm”
described as water depth/height was also estimated.
Water consumptive use (CU):

Water consumptive use was determined as the soil
moisture depletion (SMD) using the following equation
(Israelsen and Hansen, 1962).

CU (SMD) = ”i“ (62 — 61) /100 x Bd x Di

1=1

Where CU is a water consumptive use in (cm) in the effective root zone of
60 cm; SMD is a soil moisture depletion; O, is a gravimetric soil
moisture percentage 48 h after irrigation (% wet weight basis); 6,
is a gravimetric soil moisture percentage immediately before the
next irrigation (% wet weight basis); Bd is a soil bulk density (Mg
m) for the concerned soil layer; Di is a soil layer depth (15 cm); n
is a number of soail layers.

Productivity of Irrigation Water (PIW) and Water
Productivity (WP).

The productivity of irrigation water and water
productivity were calculated according to (Ali et al., 2007) as
the following equations:

. 1
Productivity of irrigation water (kg m?) = Grain yield kg ha

Amountof applied water m3ha'1
Where, amount of applied water = Irrigation water + effective rainfall

Water productivity (kg m) = Grain yield kgha™

Water consumptive use in m?’ha'1

Statistical analysis

The results were statistically analyzed according to
Gomez and Gomez (1984) for every single season. The
comparisons of means were carried out using the least
significant differences (L.S.D) at the 5% probability level to
compare the differences among the treatments means (Steel
et al., 1997). The statistical analyses for the recorded data
were conducted using Gen Stat software and the graphs by
using Excel.

RESULTS AND DISCUSSION

Wheat water consumptive use (CU) and applied water

(AW):

Data in Table 4 shows the values of seasonal water
consumptive use, and seasonal applied water as affected by
irrigation treatments, weed control treatments, and wheat
genotypes. Differences were obtained for water consumptive use
and applied water between all irrigation treatments in both
studied seasons, the highest values of CU and AW were recorded
for I; to be 37.67 and 48.26 cm respectively as mean of both
seasons. The values of CU under I, I3 and 14 were reduced by
12.1%, 12.2% and 19.5% respectively compared to I1; whereas
the values of AW after the same irrigation treatments were
decreased by 18.5%, 17.6% and 22.3% respectively compared to
I; as mean of the two seasons.

These results may be due to deficit irrigation which
significantly contributes decreasing the amount of CU and
AW (Zaman et al., 2017; Zhang et al., 2018 and Sarkar et al.,
2013). These results agree with those obtained by Mohamed
and Abo-Marzoka, (2017), they indicated that traditional
irrigation received the highest values of water consumptive
use and total applied water compared to deficit irrigation
stress at the heading and ripening stages of wheat.

Table 4. Seasonal water consumptive use (CU) and seasonal applied water (AW) as affected by different irrigation
treatments, weed control treatments and wheat genotypes during the two growing seasons.

Irrigation Seasons Irrigations Weed control Genotypes
parameters I1 I2 I3 l4 Wi W2 W3 Wy € G Gs
CU (cm) 2018/2019 36.89 3260 3296 2975 3325 3240 3196 3460 3393 3304 3218
2019/2020 3844 3361 3315 3086 3425 3311 3276 3594 3510 3393 33.02
AW (cm) 2018/2019 4972 4072 4191 3882 4326 4234 4186 4371 4330 4277 4231
2019/2020 4680 3798 3762 3621 4022 3929 3873 4037 4009 39.63 39.23

The values of CU were taken the descending order
G1>G,>G; for wheat genotype and Ws>W>W->W3 for
weed control treatments. Water consumptive use for G,
(Sakha 95), and Gs (promising line) were decreased by 3%,
and 5.6% respectively compared to G1(Gizal71), however,
the values of CU for W1, W», and W3 were decreased by
4.3%, 7.1%, and 8.3% respectively compared to W, as mean
of both seasons. In this concern, Fahad et al., (2019) reported
that no significant difference among evapotranspiration of
different wheat genotypes. While there were no differences

obtained of AW between all studied genotypes, as well as
weed control treatments.

Concerning the effect of the interaction between
irrigation treatments, weed control treatments, and wheat
genotypes on the values of CU and AW, as shown in Table 5.
There are noticeable differences in CU and AW values among
all the interactions of irrigation treatments, weed control
treatments and genotypes. The highest values of CU and AW
were recorded with I; x W4 x Gy and 11 x W4 x G; interaction
to be 41.03 and 40.35 cm for CU and 49.53 and 48.94 cm for
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AW, respectively as mean of both seasons. But, the lowest
values were observed for 14 X W3 X Gs interaction to be 27.92
and 35.82 cm for CU and AW respectively as mean of the two

crop. Evapotranspiration was significantly increased with the
increasing amount of water applied, and the number of
irrigations (Gao et al., 2014 and Imran et al., 2015). Irrigating

Seasons.

These results are in the same line with that reported by
Imranetal., (2015), they indicated that irrigation influenced the
evaporation, transpiration, and canopy temperature of wheat
Table 5. Seasonal water consumptive use (CU) and seasonal applied water (AW) as affected by the interaction between

irrigation treatments, weed control treatments and wheat genotypes during 2018/2019 and 2019/2020 growing

the crop only at drought sensitive growth stages and withheld
water at other stages can help to manage water resources to
meet crop requirements (Du et al., 2010).

seasons.
Irrigation I1 I2 Is l4
parameters Genotypes Seasons Wi W2 W3 Wo, Wi W W3 Ws Wi W2 Ws Wi Wi W W3 W,
G,y 3845 3685 3776 4068 3389 3326 3174 3400 3335 3297 3296 3553 3070 2991 2915 3143
Go 9 3657 3522 3503 3965 3267 3202 3104 3361 3281 3234 3215 3411 3021 2957 2883 3108
CU (em) Gs 3584 3350 3440 3781 3233 3173 3075 3327 3202 3189 3178 3341 2096 2858 27.02 3061
Gi  ,ppq 4064 3867 3853 4138 3419 3397 3311 3659 3389 3384 3309 3555 3264 3140 3011 33%
Go o 388l 3744 3632 4105 3377 3217 3285 3526 3316 3265 3218 3476 3157 2949 29025 3222
Gs 3732 3578 3539 3093 3245 3182 3227 3490 3190 3171 3125 3383 3066 28.32 2882 31.89
Gi  ,ppg 5024 4983 5014 5119 4160 4076 4048 4205 4298 4214 4129 4321 4029 3364 3750 4048
Go o9 4940 4948 4979 5036 4126 4024 3964 AL76 4248 4148 4117 4238 3988 3800 3698 4002
AW (cm) Gs 4993 4869 4867 4988 4062 4002 3881 4143 4193 4107 4095 4186 3952 37.74 3688 3988
G1 2019/ 4769 4679 4662 4786 3960 3800 37.14 3917 3836 3788 3767 3883 36.74 3643 3560 37.14
G2 2020 4731 4621 4605 4752 3898 3724 3676 3860 3810 3724 36.79 3838 3643 3621 3529 3695
Gs 4693 4576 4574 4707 3857 3710 3636 3829 3762 3667 3595 3800 3631 3595 3476 3667
Productivity of irrigation water (PIW) and water yield increase and/or water applied decrease, (Ali et al., 2007 and
productivity (WP): Mahmoud and Elsadany, 2017)

Data in Table 6 present the effect of irrigation
treatments, weed control treatments and different genotypes
on (PIW) and (WP). There are significant differences between
irrigation treatments, weed control treatments and genotypes.

Table 6. Influence of irrigation treatments, weed control
and wheat genotype on productivity of irrigation
water and water productivity of wheat for both
growing seasons.

The highest values of PIW and WP were found under I, Irrigation PIW WP
irrigation treatment to be 2.01 and 2.39 kg m™ respectively, Treatments parameters (kg m®) (kg md)
while the lowest values were found under Is irrigation Seasons 2018/ 2019/ 2018/ 2019/
treatment to be 1.49 and 1.79 kg m® respectively, as the mean 2019 2020 2019 2020
of 1 and 2" seasons. o :; i'gg %'gg g'ié 22'0;'
Irrigation treatments of I, increased PIW and WP by  Irrigation I 139 159 177 181
21.8% and 12.5% respectively as the mean of both seasons g;’atmems ls 168 183 219 215
compared to full irrigation treatment of 15. These results agree Ftest i ** *x *x
with those obtained by Ali et al., (2008); Sarkar et al., (2013) LSDV‘";‘} 0.05 01-07199 233 02-0532 02-01%9
and Zaman et al,, (2017); they indicated that water use \yqeeq Wi 173 182 225 216
efficiency and applied water productivity were higher in  control Ws 166 178 217 209
deficit irrigation treatments compared to full irrigation. This  treatments Wi 15 165 189 185
may be due to the reduction of the irrigation water input (W) Ftest ** ** ** i
Zhang et al., (2018). LSD gt 0.05 01.07339 Oféz 0;)4213 02.00159
Weed control treatment had a significant effect on  \\peat G; 183 189 236 29
PIW and WP, the values of PIW were taken the descending  Genotypes Gs 147 165 193 197
order Wi> W, > W5 > W,, for the two studied seasons.  (G) F test haid i ** **
Significant differences in PIW and WP values were recorded LSDat0.05 0017 0019 0027 0021

between the studied wheat genotypes, the highest values of
PIW and WP were 1.86 and 2.28 kg m respectively for G,
(sakha95), while the lowest values of them were 1.56 and 1.95
kg m respectively for Gz (promising line) as an average of
both seasons.

There are significant differences among different
irrigation treatments, weed control treatments and different
genotypes interaction on PIW and WP as shown in Table 7, the
highest values of PIW and WP were found under I, x W1 x G,
and I, x W, x G, interactions to be 2.26 and 2.24 respectively for
PIW and 2.73 and 2.66 kg m™ respectively for WP, while the
lowest values were obtained from Iz x W4 X Gz interaction as
mean of both seasons. Water productivity and productivity of
irrigation water are present a good relation between irrigation
grain yield, and water applied because they increase when grain

Effect of irrigation treatments on studied wheat characters:
Data in Table 8 and 9 shows days to heading, days of
maturity, Plant height (cm), number of spikes m2, number of
kernels spikes, 1000-kernel weight (g), biological yield (ton
hal), grain yield (ton hal) and straw yield (ton ha?) as
affected by irrigation treatments, weed management and
some wheat genotypes. The irrigation treatment of 1, recorded
the highest values of all the studied characters compared to
other irrigation treatments. They were taken the descending
order I:>1>15>13 in the 1% and 2™ season. The best crop
growth, thus the highest yield and its components may be due
to better moisture availability, which maintained the internal
water balance of the plant in the full irrigation compared to
different deficit irrigation treatments (Rahim et al., 2010).
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Table 7. Influence of the interaction between irrigation
treatments, weed control and wheat genotype on
productivity of irrigation water and water

productivity of wheat for both growing seasons
PIW (kg m3) WP (kg m?)

Irrigation Weed Genoty
pes 2018/ 2019/ 2018/ 2019/
treatments control 2019 2020 2019 2020
G1 182 185 238 217
w1 G2 189 192 255 233
Gs 168 173 23 218
G1 161 167 218 201
W2 G2 171 174 241 215
Iy Gs 165 163 24 208
G1 158 161 21 196
W3 G2 162 172 225 219
Gs 149 151 211 196
G1 153 156 192 18
W4 G2 161 165 205 191
Gs 142 143 187 169
G1 205 206 252 238
W1 G2 224 227 283 262
Gs 195 189 245 224
G1 204 214 251 239
W2 G2 221 226 27 262
b Gs 189 19 238 221
G1 197 209 251 235
W3 G2 213 216 272 241
Gs 185 194 233 218
G1 182 193 225 207
Wi G2 197 199 245 218
Gs 166 177 206 195
G1 153 17 19 192
W1 G2 168 173 217 199
Gs 126 157 165 185
G1 151 165 193 184
W2 G2 171 178 219 202
Is Gs 113 147 146 17
G1 148 163 186 1.85
W3 G2 158 169 202 192
Gs 1.09 147 141 169
G1 133 151 162 165
Wi G2 135 159 168 175
Gs 103 135 129 151
G1 19 19 25 22
W1 G2 199 203 263 234
Gs 153 176 202 208
G1 191 191 246 222
W2 G2 201 195 259 24
la Gs 14 179 185 227
G1 187 184 24 218
W3 G2 196 194 251 234
Gs 132 173 181 208
G1 163 17 21 186
Wi G2 153 178 197 205
Gs 113 153 147 177
L.S.D 0.065 0.074 0.084 0.077

l;-irrigation at the all stages (full irrigation), l-withholding irrigation at
elongation stage, I~ withholding irrigation at booting stage and I,
withholding irrigation at anthesis stage. Weed control W;-Gerostar +
Action, W,-Atlants, W;-Hand weeding and W,-control (without).
Genotypes G;-Giza 171, G,-Sakha 95 and G;-promising Line.

The highest grain yield was obtained from the full
irrigation (I,) with values of 8.13 and 7.81 ton ha for the 1% and
2" seasons respectively, while the lowest grain yield was found
of I3 (withholding irrigation at booting stage) with values of 5.83
and 5.99 ton ha* at 1% and 2™ seasons respectively as shown in
Table 9. These results indicated that deficit irrigation negatively
affected the grain yield of wheat in the two seasons of the
experiments. Similar results were obtained by Badran and
Moustafa (2014) and Mekki et al., (2014). The reduction of grain
yield under deficit irrigation of I3 was 28% and 23%, whereas the
reduction under 13 was 20% and 15% in the first and second
seasons respectively compared to I; treatment. This significant

reduction may be due to deficit irrigation during moisture
sensitive stages, tillering, booting and grain formation of wheat
crop (Ali etal., 2007).

The reduction of grain yield was ranged from 23% to
28% when irrigation was skipped at the booting and grain
formation stage (Fahad et al., 2019). A considerable wheat
yield reduction happened due to water deficit during
flowering and grain-filling stages, this may be due to
accelerating leaf senescence, oxidative damage to photo-
assimilatory machinery, assimilate translocation, and reduced
grain set (Farooq et al., 2014). The reduction of total dry
matter in water stress treatments may be due to unstable plant-
soil-water relations which led to decrease photosynthetic rate
(Bashir et al., 2017). Also, water shortage reduced nutrient
availability and subsequently the photosynthesis process
(Jazy et al., 2007). Water stress at the late growth stage (grain
formation) reduces the efficiency of transformation of
accumulated dry matter into the economical yield of the plant
(Ali et al., 2007). Many studies showed that water deficit at
the heading stage significantly decrease wheat yields and
water deficit at the anthesis stage can negatively affect
photosynthetic characteristics. (Tari, 2016)

Effect of weed control treatments on studied wheat
characters:

Among weed control treatments as shown in Table 8 and
9. W; was recorded the highest values of yield and it's
components, as well as plant height and biological yield, this may
be due to less crop-weed competition, which gave a better
environment for the growth and development of wheat crop; in
these treatments weed population and their growth was
abstracted due to broad-spectrum activity. The lowest straw and
grain yield were recorded in the W, treatment because of more
weed growth and poor performance of yield attributing
characters and straw yield of wheat. Weed control of W-
treatment was statistically at par with W; treatment in the 1% and
2™ seasons with higher yield attributes. Similar results are in
conformity with the findings of Pandey et al., (2006).

Relative weed-free situation under weed control
treatments reduced the crop weed competition and thus lead to
higher vegetative growth and yield attributes and significantly
affected the grain and straw yields of wheat (Verma et al., 2008),
while, W, treatment recorded the lowest values of grain and straw
yields in the two seasons as shown in Table 9.

Effect of wheat genotypes on studied wheat characters:

The results in Table 8 and 9 showed the significant
variations among the genotypes in yield and its components,
biological yield, and straw yield, referring to the influence of
the performance of the genotypes under the studied
environments in order to identify the superior genotype for a
suitable environment.

The highest grain yield was recorded in G, (sakha 95)
with values 7.76 and 7.44 ton ha while, the lowest one was
in Gs (promising line) with values of 6.23 and 6.47 ton ha in
the first and second season, respectively as shown in Table 9.
These findings are agreeing with the findings of Abd El-
Rahman, and Hammad (2014); Farhat, (2015) and El Hag-
Dalia,(2017).

Interaction effect of different irrigation treatments, weed
control and genotypes on grain yield over two seasons

Analysis of data revealed that the interaction between
irrigation  treatments, weed control and genotypes
significantly affected grain yield as shown in Fig 1.
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The highest grain yield was obtained with the
interaction of I1xW;xG, and 1,xW1xG, meanwhile the
lowest grain yield was reported with the interaction of
I3XxW,xGs. These results are in line with the findings of
Bayoumi et al., (2008) and Tesfay et al., (2016), they found
that skipping irrigation at different crop growth stages
significantly affected wheat yield of different genotypes. The
same results were reported by Shamsi (2010) and Bogale et
al (2011) they reported that, there were significant differences
among the varieties concerning deficit irrigation at any crop
growth stage in terms of grain yield.

Higher yield attributes under these treatments may be
due to less crop-weed competition, which gave a better
environment for wheat crop growth and development of crop
because in these treatments weed population and their growth
was abstracted due to broad spectrum activity of mentioned
weed control and reduced the associated weeds and thus
reduced competition with the wheat crop on water, food, and

light. The lowest grain yield was recorded in weed because of
more weeds growth and poor performance of yield characters.
Similar results were confirmed to the findings of Tesfay et al.
(2016)

Relative weeds free situation under weed control
treatments reduced the crop weeds competition, and thus lead to
higher vegetative growth and yield components, significantly
affected the grain and straw yield wheat Verma et al. (2008).
Interaction effect of different Irrigation treatments, weed
control and genotypes on weeds dry weight

Data in Table 10 reveal that dry weight (gm?) of
grassy, broad-leaved and total weeds were significantly
affected by the interaction between irrigation, weed control
and genotypes treatments.

The 1;xW1xGg3 interaction recorded the lowest values
of grassy and total weeds, while 13xW;xG3 interaction
recorded the lowest values of broad weeds. Similar results
were in conformity with the findings of Tesfay et al. (2016).

Table 8. Mean of days to heading, days to maturity, plant height (cm), number of spikes m? and number of kernels spikes?
of wheat genotypes as affected by irrigation treatments and weed control in 2018/2019 and 2019/2020 seasons.

Characters Days to heading Days to maturity

Plant height (cm) Number of spikes m?Number of kernels spikes?

Treatments

seasons  2018/2019 201972020 2018/2019 201972020 2018/2019 2019/2020 2018/2019 2019/2020 2018/2019 _ 2019/2020
I 9200 10164 14006 14933 10744 12361 40660 48250 6565 50.82
Iy 9147 10111 13897 14836 10556 12236 39490 46880 6421 50.08
Irrigation I3 9044 9958 13606 14588 10186 11906 34190 39310 5852 46.62
treatments Is 9066 10028 13750 14658 10475 12086 36400 43780 6211 48,07
LSDat005 059 086 039 059 132 266 1418 1634 215 0.89
W1 9183 10178 13878 14831 10750 12375 40100 48130 6409 5051
Weed W 9133 10136 13842 14786 10667 12228 39390 45220 6324 4875
control Ws 9094 9992 13792 14722 10378 12064 36390 43240 6215 4839
treatments Wi 9047 9956 13747 14678 10167 11922 34860 41630 6101 47.93
LSDat005 044 031 046 0.36 135 164 839 1437 1314 117
G 9196 10021 13981 14521 10546 12196 37860 44970 6366 49.16
Wheat G2 9069 10167 13675 15092 10862 12390 40610 46610 6509 52.83
Genotypes Gs 9079 10008 137.80 14650 10062 11856 34590 42080  59.12 44.70
LSDat005 028 028 029 0.29 143 122 9.40 8.45 1.00 0.83
IXW NS NS NS NS NS NS = * NS NS
: IXG NS NS o ok NS NS NS NS NS NS
Interactions NS = NS NS NS NS NS NS NS NS
IX\WxG NS NS NS NS NS NS NS NS NS NS

Table 9. Mean of 1000-kernel weight (g), Biological yield (ton hal), Grain yield (ton hal) and Straw yield (ton ha?) of
wheat genotypes as affected by irrigation treatments and weed control in 2018/2019 and 2019/2020 seasons.

Treatments Characters 1000-kernel weight (g) Biological yield (ton ha™®) Grain yield (ton ha®)  Straw yield (ton ha™)
Seasons ~ 2018/2019 2019/2020 2018/2019 2019/2020 2018/2019 2019/2020 2018/2019 2019/2020
1 50.61 49.91 18.52 18.27 8.13 7.81 10.39 10.46
Irrication I2 49.72 49.10 1791 17.84 8.07 1.72 9.84 10.12
oot I3 4581 4577 14.68 16.13 5.83 5.99 8.85 10.14
Iy 47.29 47.24 16.07 16.97 6.53 6.62 9.54 10.35
(I) F test ** ** ** ** ** ** ** **
LSD at 0.05 1.23 0.95 0.175 0.161 0.109 0.094 0.129 0.191
W1 49.38 49.27 17.61 17.94 1.76 752 9.85 10.42
Weed W- 49.18 48.15 17.08 1752 731 7.13 9.77 10.39
control treatments Ws 47.98 47.88 16.55 17.10 6.93 6.84 9.62 10.25
W 46.90 46.71 15.94 16.64 6.56 6.64 9.38 10.00
F test ** ** ** ** ** ** *%* *%*
LSD at 0.05 0.90 0.76 0.21 0.11 0.10 0.08 0.255 0.149
G1 49.15 48.75 17.06 17.80 7.43 7.19 9.62 10.61
Ge 50.49 50.78 18.32 18.35 7.76 7.44 10.56 10.90
Whest Genotypes Gs 4545 4448 15.00 15.75 6.23 6.47 8.78 9.28
(G) F test ** ** ** ** ** ** *%k *%x
LSD at 0.05 0.79 0.64 0.16 0.09 0.07 0.06 0.18 0.10
IXW NS NS ** ** * ** * *%*
R * ** ** ** * **
Interactions Vl\;(% Ng Ng o o o « o o
IXWXG NS NS ** *%x *%x * ** **
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Fig. 1. Interaction effect of different irrigation treatments, weed control, and genotypes on grain yield as the mean of
the two studied seasons.
Table 10. Interaction effect of irrigation treatments (1), weed control (W) and genotypes (G) on dry weight of the grassy,
broad—leaved weeds and total weeds average two seasons.

Irrigation Weed control Genotypes Grass weeds Broad weeds Total weeds
G 10.23 9.36 19.59
W1 Gz 10.30 9.29 19.59
Gs 10.10 9.38 19.48
G1 12.07 10.93 22.99
W2 Gz 12.03 10.86 22.90
11 Gs 12.00 11.04 23.04
G1 15.80 14.22 30.02
W3 G2 15.80 14.18 29.98
Gs 15.83 14.25 30.08
G 52.67 46.98 99.65
W4 G2 53.33 4721 100.54
Gs 53.13 4754 100.67
G1 10.13 9.20 19.33
Wi Gz 10.23 9.31 19.55
Gs 5.57 9.43 14.99
G1 11.97 10.79 22.76
W2 G2 12.09 10.95 23.04
I Gs 6.83 11.08 1791
G 15.70 14.13 29.83
W3 G2 15.86 14.11 29.97
Gs 8.77 14.28 23.05
G1 52.57 4743 99.99
Wiy G2 53.09 46.92 100.01
Gs 29.50 4748 76.98
G1 9.50 9.54 19.04
Wi Gz 9.50 9.33 18.83
Gs 9.47 9.28 18.74
G1 11.50 11.21 2271
W> G2 11.50 11.02 2252
Is Gs 11.67 10.94 2261
G1 15.00 14.45 29.45
W3 G2 13.80 14.27 28.07
Gs 15.17 14.16 29.32
G1 50.67 48.05 98.72
Wiy G2 51.33 48.00 99.33
Gs 51.13 47.49 98.62
G1 7.07 9.39 16.46
W1 G2 8.80 9.51 18.31
Gs 723 9.30 16.54
G1 8.43 11.08 1951
W> G2 10.70 11.21 2191
ls Gs 8.50 11.02 19.52
G1 11.00 14.33 25.33
W3 G2 14.00 14.50 28.50
Gs 11.17 14.32 25.49
G 36.67 48.06 84.73
Wiy G2 47.33 48.64 95.97
Gs 3713 48.60 85.73
L.SD 1.99 0.89 1.66
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CONCLUSION

The highest grain yield was obtained from Iy x W, x
Gz and I x Wy x G, without any significant differences
among them, but it could be concluded that the application of
I2x W1 x G interaction, achieved the highest values of WP
and PIW to be 2.72 and 2.26 kg m?, respectively compared
to all the studied treatments. Whereas this interaction saved
about 12% and 17 % of CU and AW respectively compared
to I x W1 x G interaction as the mean of both seasons.
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