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ABSTRACT

Two field experiments were conducted at EI-Gemmeiza Agricultural Research Station Farm, Egypt,
during 2017 and 2018 summer seasons to study the effect of deficit irrigation and the planting method on maize
plants under Middle Delta conditions of Egypt. Irrigation at 65% available soil moisture depletion (AVSMD)
did not significantly decrease chlorophyll content, dry matter (DM), leaf area index (LAI), crop growth rate
(CGR), relative water content (RWC), osmotic potential (OP), ear length, ear diameter, rows per ear, kernels per
row,100-kernel weight and grain yield. 50% irrigation treatment (control) decreased crop water productivity
(CWP) by 9.93% compared to irrigation at 80% AVSMD, which increased drought sensitivity (YR/ SD) and
the drought susceptibility index (S). The reduction in water consumptive use (WCU) due to irrigation at 65 % of
AVSMD reached 19.34 to 20.30% and the improvement in CWP was 15.42 to 14.37% compared to the
irrigation at 50% (AVSMD). Sowing maize plants on beds140 cm apart on both sides of beds and the distance
between hills 25 cm resulted in the highest chlorophyll content, DM, LAI, CGR, RWC, ear height, ear length,
100-kernel weight and grain yield. This treatment decreased YR/SD, S and increased CWP. It can be recommend
with sowing maize plants on beds140 cm apart on both sides of beds and the distance between hills 25 cm and
irrigation at 65% of AVSMD which decreased WCU and improved CWP, in addition this treatment did not
significantly decrease yield and its components and attained the lowest YR/S and S values.

Keywords: Maize, Available soil moisture depletion, leaf area index, crop growth rate, water relations and

planting methods.

INTRODUCTION

Surface irrigation is the traditional method applied in
about 80% of the irrigated areas in Egypt (Abd El-Halim
and Abd El-Razik, 2013). These authors mentioned that the
double ridge- furrow planting technique used as practical
way to reduce the applied water quantities saved more water
than the conventional ridge furrow irrigation method. This
technique was also used by Meshreghi et al. (2014) on
maize grown for fodder purpose. In this respect, Bakht et al.
(2011) reported that planting methods had a significant
effect on days to tasseling, days to silking, plant height,
thousand grain weight, grain and biological yields.

In Egypt, river Nile is the major renewable water
source and the most of the summer supplies of the river Nile
comes from Ethiopian areas and because of the building the
Ethiopian High Dam the supplies of water to Egypt will be
affected. Also, for the traditional patterns of surface
irrigation prevailing in most irrigated land in Egypt, we must
save every water drop for the newly reclaimed lands to meet
the highly growing population. So controlling and
improving irrigation management must be followed. Some
investigators in this respect studied the irrigation intervals
(Abd El-Halim and Abd El-Razik, 2013). They reported that
double ridge- furrow with irrigation at 7- day intervals
proved superior to increase the grain yield and water
productivity compared to 14-days interval and the
convention treatment. Abu-Grab et al. (2015) on wheat
reported that application of available water at a rate of 65%
increased chlorophyll content. Irrigation at 80% available
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soil moisture depletion (AVSMD) decreased dry matter,
leaf area index (LAIl), crop growth rate (CGR), relative
water content (RWC), osmotic potential (OP), water
consumptive use (WCU), and grain yield. They added that
grain yield reduction comprised 14.35% corresponding to
28.26% decrease in WCU and improved crop water
productivity (CWP) by 19.09%. Nassiriet al. (2016) studied
the effect of water at amounts of 60, 80 and 100% of crop
evapotranspiraton (ETc), and two planting methods on-bed
and in-bottom of furrow. Their results revealed that the
irrigation regimes and planting methods had significant
effects on grain yield and total dry matter of maize. The
irrigation regime of 80% of ETc with planting in-bottom
resulted in the highest grain yield (8193 kg ha*) and crop
water productivity (1.05 kg m3). Maize response to deficit
water and planting methods was studied assessing
phenological development and yield under Punjab
conditions (Singh et al. 2016). They used three levels of
Cumulative Pan Evaporation (CPE), i.e. Drip Irrigation (DI)
to replenish 60, 80, and 100% of base (30 mm) CPE and
three planting method i.e. 1Row/Ridge,1Row/Bed and
1Row (zigzag) / Bed. The additional two treatments, i.e. flat
and ridge sown were kept as control. Each increase from
Dlgo to Dligo caused significant earliness in visibility of
tasseling and silking and significant delay in dough stage
and physiological maturity.

This work aims to save water consumptive use and
improve crop water productivity using water deficit regime
and planting method in plants maize under Middle Delta
conditions of Egypt.


http://www.jssae.mans.edu.eg/
http://www.jssae.journals.ekb.eg/

Abu-Grab, O. S. et al.

MATERIALS AND METHODS

Two field experiments were laid out at EI-Gemmeiza
Agricultural Research Station Farm, Egypt during 2017 and
2018 summer seasons to study the effect of soil water deficit
irrigation and methods of planting maize plants under Middle
Delta of Egypt. The soil of the experimental sites was clay in
texture, and some of its characteristics are shown in Table (1).
Table 1. Some soil- water constant properties and bulk

density of the experimental sites in 2017 and 2018

seasons.
Soil layer Field capacity Wilting point Available Bulk density
depth (Wiw,%) (Wiw,%)  water (mm)  (gcm®)
(cm) 2017 2018 2017 2018 2017 2018 2017 2018
00- 20 4456 4387 2345 2325 51.09 4907 121 119
20- 40 40.85 40.03 2150 21.11 4954 4881 128 1.29
40 -60 3754 36.93 19.73 19.52 4666 4596 131 132

Water deficit treatments:
1- Irrigation when 50 % of the available water was depleted
(14, as control)
2 - Irrigation when 65 % of the available water was depleted
(12).
3- Irrigation when 80 % of the available water was depleted
(I3).
Methods of planting: in all planting methods the plant density
was 24000 plants per feddan (4200 m?)
1-Maize grains were sown on ridges 70 ¢cm apart and the
distance between hills 25 cm (My).
2- Maize grains were sown on beds 140 cm apart on both sides
of the beds and the distance between hills 25 cm (My).
3-Maize grains were sown on beds 140 cm apart on three lines
on both sides and middle of the beds (140 cm) and the
distance between hills 37.5 cm (Ms).
4-Maize grains were sown on beds (140 c¢cm) a part and four
lines were applied on the beds (140 cm) and the distance
between hills 50 cm (Ma).

Water stress was created by irrigating maize plants
when available soil moisture depletion (AVSMD) reached to
the adopted available soil moisture depletion in the root zone
(60 cm depth). The available soil moisture in each soil layer
was computed as follows:-

AVSMD (mm) = (FC — WP)/100 X BD X D

(Israelson and Hansen (1962)

Where, FC, WP, and BD are field capacity(w/w %), wilting point (wiv
%) and bulk density (gcm®) of the soil layer, respectively and D
is the effective root zone (600 mm).

On determining the irrigation time, under the adopted
irrigation treatments, cumulative Pan Evaporation norms were
calculated as follows:-

Total available soil moisture (mm) per 60 cm of soil
profile x assessed % AVSMD = cumulative Pan Evaporation
norms.

Irrigation was practiced, for a particular irrigation
treatment, as the two sides of the above formula were equal.

A split plot design with four replications was adopted
where irrigation treatments were in the main plots, whereas the
tested methods of sowing occupied the sub ones.The
experimental unitarea was 21 m? (4.2 x 5 m), i.e. 1/ 200 fed.
Seeds of the tested maize treatments (single cross 168) were
supplied from Maize Department, Field Crops Research
Institute, Agricultural Research Center (ARC) Egypt. Planting
date on 28" May in the first season and on 2™ June in the second
season respectively, as conventional practice in the area.

Table 2. Monthlymeans of agroclimatological data for
GharbiaGovernorate last ten years.*

o) —~

Sa_ 5a. E% g2 %

Month EEH EEp 28 EER 8%
52 ERS Eg 35 ue

s = S= T =

; N—r

May 343 172 42 348 89
June 380 201 43 360 98
July 386 215 42 415 93
August 386 21 39 432 88
September 35.6 20.9 4.0 46.8 7.6
October 30.9 178 38 488 60

*Source: Water Requirements and field Irrigation Research Dpt., Soil
Water and Environment Research Institute (SWERI), Agric.
Res. Center. Egypt.

At 60 and 80 days after sowing (DAS), five plants of
each plot were gathered, fresh weighed and the following data
were recorded:

Dry matter DM (g plant?). A sample of five plants was
fresh weighed then one plant was oven dried at 70 C° to
constant weight then re-weighed and the mean dry weight per
plant was computed.

Crop growth rate CGR (g m?day™) (Watson, 1952).
Crop growth rate (CGR) is the rate of dry matter accumulation
per unit of occupied ground per day.

CGR = (W2—W1)/(T2—T1) =g m? day*
Where, W; and W refer to dry weight of maize plant at 60 and 80 days

after plants whereas T; and T, refer to the time between 60 and
80 days.

Leaf area index (LAI)

To determine leaf area per plant, 20 disks area equal
[20*3.14*(1.5)?] = 141.3 cm? according to Hunt (1990) by the
following formula:

Leaf area per plant =141.3*dry weight of leaves per
plant / dry weight of leaves disks

LAI= leaf area per plant divided by ground area
occupied by plant.

Chlorophyll content (mg dm? was measured
spectrophotometrecally at 80 DAS only (Moran, 1982).
Chlorophyll a and b were calculated using the following
formula:

Chl.a=12.64 X A664 —2.99 X A647 (ug. ml™)

Chl.b =23.26 X A647 —5.6 X A664 (ug. ml?)

Chl.a+b =7.04 X A664 +20.27 X A647= (ug. ml™),

Where: A664 is the absorbance reading at 664nm, A 647 is the reading
at647nm.

Leaf relative water content (RWC,%) (Barris and
Weatherley, 1962)
RWC = (Fw- Dw)/ (Tw- Dw) X 100
Where Fw, Tw and Dw are fresh weight, turgid weight and dry weight,
respectively.
Flag leaf osmotic potential (OP, bar) (Gusev, 1960).
Water consumptive use (WCU) mm was determined
gravimetrically according to Israelson and Hansen (1962) as
follows:
WCU (mm) =02—-06:/100 X BD X D
Where, 6, and 0, are soil moisture % by weight just before and 48 hrs
after irrigation, BD is the soil bulk density and D is the effective
root zone, 600 mm.
It is worthy to mention that water table measurements
showed that it was not shared in water consumed by maize
plants.
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Crop water productivity (CWP) was computed by
dividing the weight in kg of grain yield per fed by water
consumptive use per fed in m3(kg/m?).

Days to tasseling (DTT) from planting.

Days to silking (DTS) from planting.

At harvest time (1% of October), the following data on
yield and yield components were recorded:
1-Grain yield (GY) ardabfeddan?, as the four inner rows of the

plot were harvested and used for grain yield determination.
2-Plant height (cm) 3-Ear height (cm)
4-Ear length (cm) 5-Ear diameter (cm)
6-Number of rows per ear (mean of 10 cops per plot).
7-Number of kernels / row (mean of 10 cops per plot)
8-100- kernel weight (g)

Drought sensitivity (YR/SD) was estimated according
to Hiller and Clark (1971) equations where YR is relative yield
reduction and SD are stressed days.

YR=1-Yd/Yc
Where Yd and Yc are yield of stressed and control treatments,
respectively.
SD=(1-Ed/Ec)N
Where, Ed and Ec are evapotranspirations from stressed and fully

irrigated control respectively and N is the entire growth period of
maize.

The drought susceptibility index (S) was calculated for
the yield data according to Fisher and Maurer (1978).
S=[1-(YD/YC)]/D
Where, D= drought intensity = 1-(mean Yd for all stressed
treatments/mean of YC of full irrigated (control) treatments.
The collected data, except WCU, were statistically
analyzed (Steel and Torrie1980). Means of the studied traits
were compared using LSD at 5% probability level.

RESULTS AND DISCUSSION

Chlorophyll contents:

Irrigation at 50% of AVSMD resulted in increasing
chlorophyll (Chl) contents (Table 3). In this respect, the data of
Chl.a, Chl.b, and Chl.(a+b) was significant in both studied
seasons, except those of Chl.a+b in the first season only, which
were highly significant. In this respect, irrigation at 65 % of
AVSMD did not decrease all chlorophyll parameters in both
seasons. This may be due to that this treatment gave the
adequate water enough to absorb nitrogen and other nutrients
from the soil where nitrogen is considered the main
component of chlorophyll molecule. El Sabagh et al. (2017)
reported that plants under drought condition exhibited reduced
rate of photosynthesis as a result of reduction in stomatal
aperture and stomatal conductance which could be a major
determinant for high grain yield in maize under stress
condition. However, Abu-Grab et al. (2015) on wheat reported
that, application of available water at a rate of 65 % (AVSMD)
increased chlorophyll content.

Methods of planting also, had highly significant effect
on Chl.a, Chl. (a+b) in the first seasons, whereas, Chl.b data
showed highly significant differences in both seasons (Table,
3). In this connection, sowing maize grains on beds 140 ¢cm
apart on both sides of beds and the distance between hills 25
cm (M) induced the highest chlorophyll content in maize
leaves in both seasons. Whereas the lowest content was
obtained with sowing on beds (140 cm) apart, and four lines
on beds, distance between hills were 50 cm (Ms). This is
mainly due to exist once of four lines on beds, which may
induce disturbance in the plant canopy geometry, hence retard

the penetration of sun light to arrive the leaf plant surface in the
best way.

The interaction effect of planting methods and
irrigation treatments had no significant effect on chlorophyll
content in both seasons (Table3).

Table 3. Chlorophyll a, chlorophyll b and chlorophyll (a+
b) as affected by irrigation treatments (AVSMD),
planting methods and their interactions in 2017
and 2018 seasons.

Chla Chl.b Chl.(a+b)
Treatments (mg/dm?) (mg/dm?) (mg/dn??)
2017 2018 2017 2018 2017 2018
Irrigation treatments
50% AVSMD (l1) 1803 19.06 536 558 2339 2464
65% AVSMD (I2) 17.41 1763 511 497 2252 2260
80% AVSMD (Is) 12.79 1319 420 429 1700 1748

F. test S *

LSD 0.05 085 153 047 062 127 2.21
Planting methods
M1 16.70 1798 501 553 2170 2350
M2 1756 1757 551 511 2306 22.68
Ms 1526 1587 461 482 1987 20.69
Mg 1479 1508 444 432 1924 1941
F. test ke e e *
LSD 0.05 095 164 043 083 134 257
Irrigation treatments X Planting methods
M1 1865 2042 5.63 605 2428 2646
" M2 1938 1996 590 574 2528 2570
Ms 17.30 1820 507 543 2237 2363
My 16.80 1766 484 510 2164 2276
Mz 18.09 1889 516 574 2325 2463
» M2 1910 1851 597 514 2506 2365
Ms 1629 1730 471 490 2100 2219
M4 16.15 1582 460 4.10 2076 19.92
Mz 1336 1463 423 480 1759 1942
ls M2 1420 1424 465 447 1886 1871
Ms 1218 1211 4.06 4.13 1624 16.24
M4 1143 1177 388 377 1531 1554
F. test NS NS NS NS NS NS
LSD 0.05 NS NS NS NS NS NS

AVSMD =Available soil moisture depletion

Growth parameters:

Data listed in Table(4) revealed that irrigation at 65
%did not differ significantly with irrigation at 50 % of
AVSMD, so we prefer irrigation treatment at 65 % as this
treatment saved more water than irrigation at 50 % treatment.
In this respect, irrigation at 50 % treatment increased all
studied parameters, i. e. dry matter (DM) and leaf area index
(LAI) at both sampling intervals for the two studied seasons.
Irrigation at 80 % AVSMD decreased dry matter by 35.63 and
44.05 % in the first and second sampling periods in the first
season, respectively. These values reached 20.84 and 33.82 %
in the second season in the same order. As for LAI, the
decreased values of 80% AVSMD by 28.06% and
44.42%.These values were 30.34 and 43.25% at60 and80
DAS, respectively in the second season. The crop growth rate
(CGR) reductions values were54.42% and 50.60% for I3
treatment in the first and second season, respectively (Table
4). The obtained results are in agreement with those of Meena
et al. (2015) on maize crop who reported that irrigation at 60
mm CPE increased DM and LAI. In the same trend Kuan-
Hung et al. (2019) reported that DM and LAl were significant
declined under regulated deficit irrigation (RDI) compared
with full irrigation (FI)
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Table 4. Growth parameters i.e dry matter (DM), leaf area index (LAI) and crop growth rate (CGR) as affected by
irrigation treatments (AVSMD), planting methods and their interactions in 2017 and 2018 seasons.

DM (g plant?) DM (g plant?) LAI LAI CGR (g m?day?)
Treatments (60 DAS) (80 DAS) (60 DAS) (80 DAS) (60-80 days)
2017 2018 2017 2018 2017 2018 2017 2018 2017 2018
Irrigation treatments
50% AVSMD (l1) 205.7 236.1 3732 418.7 7.27 8.14 9.77 10.52 47.85 52.13
65% AVSMD (I2) 1787 2186 3277 382.1 6.72 7.65 8.82 9.83 4254 46.71
80% AVSMD (I3) 1324 186.9 208.8 2771 5.23 5.67 5.43 5.97 2181 25.75
F. test * ** * ** *% *xk *xk * *
LSD 0.05 285 20.38 48.68 40.62 0.86 151 1.05 0.71 5.80 5.60
planting methods
M1 1825 2256 346.0 401.1 6.77 7.54 8.59 9.34 46.71 50.13
M2 1923 2445 356.2 4176 711 7.82 9.27 10.05 46.82 49.39
Ms 161.1 195.2 2684 326.1 6.01 6.77 7.29 797 30.61 37.34
My 1531 190.1 2422 2925 5.74 6.49 6.87 1.74 2547 29.24
F. test ** ** ** ** ** ** ** * *
LSD 0.05 23.88 18.67 43.83 44.34 0.71 136 1.03 0.49 7.63 8.08
Irrigation treatments X Planting methods
Mz 2189 262.6 4342 4943 7.71 8.83 1087 1148 61.50 66.18
1 Mz 2250 268.5 4375 482.6 8.02 9.04 11.34 1185 60.70 61.10
Ms 1925 208.8 3279 3705 6.84 7.58 8.75 9.61 38.66 46.14
My 186.5 2044 293.1 3275 6.50 711 8.11 9.15 3043 3512
M1 188.9 229.2 3747 4247 7.30 8.30 978 1084 5310 55.84
1 M2 1943 2510 384.2 4437 7.69 8.25 9.94 11.10 54.25 54.99
Ms 170.2 197.7 288.7 346.9 6.08 7.13 8.08 8.86 33.86 42.60
My 1615 196.3 263.2 313.0 5.83 6.93 7.48 8.53 29.06 33.29
M1 139.6 184.9 2290 284.3 5.29 5.47 511 5.69 25.52 28.38
ls M2 157.6 2140 246.9 326.5 5.62 6.18 6.52 7.20 25.52 32.15
Ms 120.8 179.0 1885 260.8 511 5.60 5.04 5.44 19.36 23.35
My 1114 1695 170.7 236.9 491 543 5.04 5.56 16.96 19.24
F. test NS * wx NS * * * faied faied
LSD 0.05 NS 20.49 45.95 40.84 NS 0.98 0.92 0.85 451 5.31

AVSMD =Available soil moisture depletion

As shown from the data in Table (4), it can be seen that
planting methods induced significant effects on each of dry
matter, leaf area index and CGR. It can be detected that
beds140 cm apart and on both sides treatment (M2) method
resulted in the highest DM, LAI and CGR in both seasons,
whereas beds 140 cm apart, and four lines on (M4) attained the
lowest DM, LAI and CGR in both seasons. The main
reductions in DM (60 DAS) due to the application of (M4)
were 20.38 and 22.25% in the first and second seasons,
respectively. As for DM (80 DAS), these values were 32.00
and 29.96%, respectively in the same order. The main
reductions in LAl were 22.58 and 20.00 %. Whereas, the main
reduction in CGR comprised 45.60 and 41.67% in the two
studied seasons, respectively. Inthis respect, Khan et al. (2012)
found that ridge sowing resulted in better root system which
affect nutrient and water uptake resulting in high LAI. LAl
indicates the size of assimilatory system of crop, which
captures solar radiation for C assimilation; higher LAI thus
provides more area for photo-assimilation resulting in higher
CGR. Moreover, Nassiri et al. (2016) reported that planting
methods had significant effects on total dry matter of maize.
As we said previously the application of (M4) planting method
decreased planting growth. This is mainly due to exist once of
four lines on the beds which disturb the plant geometry, hence
retard the penetration of sun light to arrive the plant surface and
may resulted in decreasing photosynthesis rate.

The interaction effect of the AVSMD irrigation
treatments and maize planting methods is shown in Table
(4). It can be seen that applying irrigation at 50 % AVSMD

and sowing maize plants in the (M2) method attained the
highest DM, LAI, and CGR in all studied times. Although
the data in some times were not significant, Nassiri et al.
(2016) studied the effect of water at amounts of 60, 80 and
100% of crop evapotranspiraton (ETc), and two planting
methods on-bed and in-bottom of furrow and revealed that
the irrigation regimes and planting methods had significant
effects on total dry matter of maize.

Water relations:

Water consumptive use (WCU) data, relative water
content (RWC), osmotic pressure (OP), and crop water
productivity (CWP) data are presented in Table (5). From
the data in such Table it can be seen that irrigation at 65%
AVSMD decreased WCU by 19.34 to 20.30% and
improved CWP by 15.42 and 14.37 % compared with
irrigation at 50 % treatment. Increasing WCU by irrigation
at 50% AVSMD led to increasing RWC by 14.23 and
13.26% compared to irrigation at 80 % AVSMD in the first
and second season, respectively. On the other hand, it
increased OP by 32.94 and 31.90 % in the same order. This
treatment decreased CWP by 10.44 and 9.42 % in the two
studied seasons in the same order. The obtained results go
along with those of Meena et al. (2015) on maize crop who
reported that irrigation at 80 mm CPE recorded highest
value of CPW but irrigation at 100 mm CPE recorded lowest
value of WCU. Also, Farouk et al. (2018) on maize had
similar results and reported that irrigation every 25 days
decreased the relative water content in leaves and OP was
increased compared with irrigation every 15 and 20 days.
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Table 5. Water relations (water consumptive use, leaf relative water content , flag leaf osmotic potential and crop water
productivity) as affected by irrigation treatments (AVSMD) , planting methods and their interactions in 2017

and 2018 seasons.

Treatments RWC % CU (mm) OP (bar) CWP economic yield (kg m)
2017 2018 2017 2018 2017 2018 2017 2018
Irrigation treatments
50% AVSMD (l1) 72.65 74.72 2783 2831 -12.23 -11.53 148 155
65% AVSMD (I2) 69.56 72.06 2245 2257 -13.90 -12.71 175 181
80% AVSMD (I3) 62.31 64.81 1755 1830 -18.24 -16.93 1.66 171
F. test ** * — —_ ** ** * **
LSD 0.05 24 2.99 — — 1.83 1.53 0.09 0.11
Planting methods
M1 65.72 67.93 2443 2596 -16.36 -15.05 164 164
M2 67.83 70.15 2305 2371 -15.45 -14.27 1.88 1.90
M3 68.94 71.23 2201 2198 -14.06 -13.26 159 167
My 70.20 7281 2094 2059 -13.30 -12.30 141 155
LSD 0.05 2.57 1.63 — — 1.78 174 0.10 0.12
Irrigation treatments X Planting methods
M1 69.79 71.00 2955 3217 -13.45 -12.63 151 147
1 M2 7242 7497 2803 2863 -12.87 -11.92 1.69 171
Ms 73.73 75.69 2722 2681 -11.80 -11.23 144 155
M 74.66 77.22 2652 2564 -10.81 -10.35 129 147
M1 66.82 69.23 2471 2497 -15.51 -13.83 171 178
12 M2 69.16 7147 2295 2368 -14.09 -12.94 2.00 1.98
Ms 70.57 7311 2163 2158 -13.11 -12.25 172 175
Mg 71.69 74.44 2050 2003 -12.91 -11.81 1.56 172
M1 60.54 63.56 1902 2073 -20.13 -18.71 1.70 167
13 M2 61.93 64.02 1816 1881 -19.37 -17.96 194 2.02
Ms 62.51 64.89 1719 1755 -17.26 -16.30 161 1.69
Mg 64.24 66.78 1581 1610 -16.20 -14.75 1.38 1.46
F. test ok NS — - NS NS NS NS
LSD 0.05 5.31 NS — — NS NS NS NS
AVSMD =Available soil moisture depletion
Planting methods induced highly significant  were either significant or highly significant in both seasons

differences on waterrelation parameters, except RWC data in
the first season where the data were significant (Table 5). In
this respect, when maize grains were sown on beds 140 cm
apart, and four lines were applied on beds, distance between
hills were 50 cm(M4) increased RWC and decreased CWP,
WCU and OP. Planting maize on beds140 cm apart on both
sides of beds and the distance between the hills was 25 cm
(M2) led to decreasing WCU, and increased CWP.These
results are in accordance with those of Khan et al. (2012) who
found that this method increased CWP with direct result of
grain yield improvement. However, Abd El-Halim and Abd
El-Razik (2013) mentioned that the double ridge- furrow
planting technique used as practical way to reduce the applied
water quantities, saved more water than the conventional
ridge-furrow irrigation method. Also Meena et al. (2015) on
maize crop found that furrow irrigated raised bed recorded
significant highest CPW and lowest WCU compared with
other planting method (flat bed and ridge and furrow).

Respecting the interaction effect of the irrigation
treatments and the planting methods, all the data exerted no
significant, except of RWC which showed significance in the
first season (Table 5). In this respect, I; (50 % irrigation
treatment) and planting method (M4) attained the highest
RWC in both studied seasons.

Tasseling and silking time, plant and ear heights:

Irrigation at either 65 or 80 %AVSMD decreased days
to tasseling and silking, plant height and ear height compared
to control irrigation treatment (l1) which increased the
teaseling and silking date, plant height and ear height. The data

(Table 6). An exception was found where the data of plant
height in the first season did not reach the significance level
(Table 6). This is mainly due to increased plant growth period.
Singhet al.(2016) reported that maize response to deficit water
and planting method was studied for assessing phenological
development and yield under Punjab conditions. They used
three levels of Cumulative Pan Evaporation (CPE) i.e. Drip
Irrigation (DI) to replenish 60, 80 and 100% of base (30 mm)
CPE and three planting methods, i.e. 1IRow/Ridge, 1Row/Bed
andlRow (zigzag) /Bed. They reported that each
increasefromD1g to D1y caused significant earliness in
visibility of tasseling and silking, which mean decreasing time
to tasseling and silking. Kuan-Hung et al. (2019) reported that
plant height was significant declined under regulated deficit
irrigation (RDI) compared with full irrigation (FI)

Planting maize on beds 140 cm apart and four lines
on beds and distance between hills of 50 cm (Ma) exerted
the latest tasseling and silking dates, highest plant and ear
heights. This trend was true in both seasons of study (Table
6). This increased the growth maize season on one hand and
the exerted four lines on the ridge may affect the canopy
geometry on the other. In this respect, Singh et al. (2016)
reported that previous studied planting methods resulted in
insignificant earliness in visibility of tasseling and silking,
which mean decreasing time to tasseling and silking dates.

The interaction effect of deficit irrigation treatments
and maize planting methods showed no significant differences
between the studied parameters in both seasons, except that of
plant height in the first season (Table 6).
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Table 6. Days to tasseling & silking, plant and ear heights as affected by irrigation treatments (AVSMD), planting
methods and their interactions in 2017 and 2018 seasons

Treatments Tasseling date (day) Silking date (day) Plant height (cm) Ear height (cm)
2017 2018 2017 2018 2017 2018 2017 2018
Irrigation treatments
50% AVSMD (1) 61.56 61.94 63.69 63.44 2336 2309 141.3 1331
65% AVSMD (l2) 60.88 61.31 62.81 62.81 2282 2185 132.2 1294
80% AVSMD (ls) 59.25 59.56 61.44 61.50 2285 2104 1225 114.7
F. test *x * haid * NS * * *x
LSD 0.05 0.72 1.16 0.65 0.95 NS 8.00 8.94 5.57
Planting methods
M1 60.58 60.83 62.50 62.42 2285 2217 1275 126.3
M2 60.00 60.42 62.25 62.08 2271 2154 131.7 1225
Ms 60.75 61.33 62.75 63.00 2313 224.2 126.3 128.3
My 60.92 61.17 63.08 62.83 2334 2184 1425 125.9
F. test * * * NS NS * wx NS
LSD 0.05 0.57 0.61 0.48 NS NS 6.31 7.39 NS
Irrigation treatments X Planting methods
M1 61.50 61.25 63.50 62.75 2393 2350 138.8 1325
1 M2 60.50 62.00 63.00 63.50 2313 226.3 1450 1275
Ms 61.75 62.50 63.75 64.00 240.0 236.3 136.3 140.0
Mg 62.50 62.00 64.5 63.50 2238 226.3 145.0 132.5
M1 61.00 61.50 63.00 63.00 2250 2200 1275 130.0
I M2 60.50 60.00 62.50 61.50 230.0 216.3 136.3 128.8
Ms 61.25 61.75 63.00 63.25 2263 2175 123.8 125.0
Mg 60.75 62.00 62.75 63.50 2313 220.0 141.3 133.8
M1 59.25 59.75 61.00 61.50 2213 210.0 116.3 116.3
s M2 59.00 59.25 61.25 61.25 220.0 2038 113.8 111.3
Ms 59.25 59.75 61.50 61.75 22715 21838 118.8 120.0
My 59.50 59.50 62.00 61.50 245.0 208.8 141.3 111.3
F. test NS NS NS NS haid NS NS NS
LSD 0.05 NS NS NS NS 11.76 NS NS NS

AVSMD =Available soil moisture depletion

Yield and yield components:

The yield and yield components data are presented in
(Table 7). From such data it can be seen that irrigation at65%
of AVASMD (1) did not significantly decrease no. of kernels
per row, 100-kernel weight and grain yield per feddan in both
seasons compared with the 50% AVSMD (l;) treatment
(control), which resulted in the highest grain yield. Increases in
grain yield due to 50 % AVSMD treatment were 29.32 and
28.16 % for the first and second seasons respectively,
compared with 80% AVSMD (Is) treatment. It could be
attributed to that treatment saved the adequate water enough to
grow plants well (Tables, 4 and 5). Moreover, Nassiri et al.
(2016) studied the effect of water at amounts of 60, 80 and
100% of crop evapotranspiraton (ETc), and two planting
methods on-bed and in-bottom of furrow and revealed that the
irrigation regimes and planting methods had significant effects
on grain yield and dry matter of maize. In this respect,
irrigation at 65 % treatment did not significantly decrease yield
and its components in both seasons.

Planting methods also increased ear length, no. of
kernels per row and 100-kernel weight which reflected on
increasing grain yield per feddan (Table, 7). In this respect,
sowing maize on beds 140 cm apart in both sides of beds
and the distance between hills 25 cm (M) resulted in best
maize grain yield and its components in both seasons. This
may be due to the fact that ridge planting provide good soil
conditions for proper root development and root growth as
reported by Bakht et al., (2006), Liu and Young (2008) and
Belachew and Abera (2010). The obtained results are in
agreed with those of Abd El-Halim and Abd El-Razik,
(2013) in Egypt. They mentioned that beds planting
technique used as practical way to reduce the applied water

quantities saved more water than the conventional ridge
furrow irrigation method. This technique was also used by
Meshreghi et al. (2014) on maize grown for fodder purpose.
In this respect, Bakht et al. (2011) reported that planting
methods had a significant effect on days to tasseling, days to
silking, plant height, thousand grains weight, grain and
biological yields.

The interactive effect of irrigation treatments and
planting methods is presented in Table (7). From such data, it
can be seen that sowing maize on beds 140 cm apart on both
sides of beds and the distance between hills 25 cm (My) with
irrigation at 50 % AVSMD attained the best grain yield and
yield components in both seasons. All interaction data were
not significant, except ear length and ear diameter in the
second season, no. of kernels in both seasons which showed
significant difference only in (Table 7).

Drought sensitivity (YR / SD) and susceptibility index (S):

Data of drought sensitivity and susceptibility index are
presented in Table (8). Such data clearly show that decreasing
irrigation rate from 50% to 65 % AVSMD resulted in
decreasing grain yield by 4.89 and 6.84 % in the first and
second seasons, respectively. These values reached 29.80 and
28.80 % when irrigation was carried out at 80 % AVSMD in
the same order. The (YR/ SD) was 0.287 and 0.390 for the two
seasons, respectively. The obtained results are in accordance
with those of Abu-Grab et al. (2015), Abu-Grab and
Elsharawy (2013) and Abu-Grab and Murad (2010). S-values
followed the same trend of YR /SD. In the same trend Abo-
Marzoka et al. (2016) on maize illustrated that the yield was
reduced by 28.85 and 38.83% when it was irrigated every 20
or 25 days, respectively it may be attributed to depression
growth parameters and yield component.
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Table 7. Yield and yield components as affected by irrigation treatments (AVSMD), planting methods and their

interactions in 2017 and 2018 seasons.

Ear length Ear diameter No of rows No. of 100- kernel Grain Yield
Treatments (cm) (cm) [ear Kernels/row weight (g) (Ard/fed)
2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018
Irrigation treatments
50%AVSMD (l) 2314  23.04 4.90 5.25 1559 1570 4512 4558 3837 3763 2955 3133
65%AVSMD (I) 2218 2249 442 452 1457 1399 4391 4391 3642 3601 2814 2924
80%AVSMD (Is) 2025  19.39 4.08 4.39 1431 1422 4057 3929 3248 3385 20.89 2247
F. test * ** * * * * * *%x *%x * *x **
LSD 0.05 114 0.94 0.50 0.82 0.75 0.59 1.68 1.73 2.04 1.65 2.13 221
Planting methods
M1 2180 2190 4.46 4.77 1447 1456 4393 43. 3663 3692 2839 3009
M2 2209 2149 4.45 4.78 1490 1483 4323 4445 3880 3922 3061 3190
Ms 2119 2082 4.39 4.68 1496 1457 4156 4253 3415 3461 2482 2598
Mg 2131 2038 4.58 4.65 1497 1459 4254 4091 3343 3258 2094 2275
F. test NS o NS NS NS NS * e e wx wx wx
LSD 0.05 NS 0.62 NS NS NS NS 1.39 1.09 1.97 1.59 2.00 1.79
Irrigation treatments X Planting methods
M1 2385 2348 4.95 5.30 1465 1560 4620 4535 4065 4048 31.89 3378
I M2 2358 2390 4.90 5.50 1580 1600 4778 4845 4168 4212 3384 3502
Ms 2238 2240 4.73 5.10 1615 1560 4350 4675 3505 3573 28.08 29.69
My 2278 2238 5.03 5.10 1575 1560 4300 4175 3608 3218 2438 2684
M1 2135 2215 4.38 453 1450 1378 4395 4425 3718 3678 3015 3174
1 M2 2260 2255 455 4.70 1475 1418 4303 4455 3943 3808 3286 3353
Ms 20.78  21.18 4.28 4.38 1428 1390 4150 4168 3498 3480 2665 2704
My 2085  20.18 4.48 4.45 1475 1410 4253 4235 3408 3440 2289 2465
M1 2020  20.08 4.05 4.48 1425 1430 4163 4105 3208 3350 2313 2476
s M2 2008  20.03 3.90 413 1415 1430 3888 4035 3528 3745 2512 2714
Ms 2040 1988 4.16 4.56 1445 1420 3968 4015 3243 3330 1974 2122
My 2030 1858 4.23 4.40 1440 1408 4210 3863 3013 3115 1555 16.77
F. test NS * NS * NS NS * faid NS NS NS NS
LSD.05 NS 1.08 NS 1.09 NS NS 240 1.89 NS NS NS NS

Table 8. Relative yield reduction (YR), stressed days (SD), Drought sensitivity (Y R/SD) and susceptibility index (S) as
affected by irrigation treatments (AVSMD), planting methods and their interactions in 2017 and 2018 seasons.

Treatments YR SD YRISD S
2017 2018 2017 2018 2017 2018 2017 2018
Irrigation treatments
65%AVSMD (I2) 0.049 0.068 2332 24.32 0.0021 0.0028 0.287 0.392
80%AVSMD (I3) 0.298 0.288 44.42 42.48 0.0067 0.0068 1.748 1.649
planting methods
M1 0.165 0.164 3121 34.77 0.0046 0.0043 0.966 0.937
M2 0.143 0.134 32.00 30.95 0.0037 0.0038 0.841 0.765
Ms 0.174 0.187 3443 3243 0.0044 0.0053 1.021 1.072
Mg 0.212 0.228 37.85 35.45 0.0049 0.0058 1.242 1.307
Irrigation treatments X planting methods
Mz 0.055 0.060 19.65 26.86 0.0028 0.0022 0.320 0.346
1 M2 0.029 0.043 2175 20.75 0.0013 0.0021 0.170 0.243
Mz 0.051 0.089 2464 2341 0.0021 0.0038 0.299 0511
My 0.061 0.082 27.24 26.26 0.0022 0.0031 0.359 0.467
Mz 0.275 0.267 42.76 4267 0.0064 0.0063 1.612 1.528
ls M2 0.258 0.225 42.25 41.16 0.0061 0.0055 1512 1.287
Mz 0.297 0.285 44.22 4145 0.0067 0.0069 1.743 1.632
Mg 0.362 0.375 48.46 44.65 0.0075 0.0084 2.125 2.147
AVSMD =Available soil moisture depletion
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