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ABSTRACT

Two seasons field experiments were conducted at Sugar Beet region, West
Nubaria on wheat (Trticum aestivum L.) cv. Sakha 8 under sprinkler irrigation system.
The aim of this study was to investigate the effect of deficit irrigation and N fertilization
rate on yield and yield components of wheat grown in the newly reclaimed soils that
facing conditions of limited irrigation water in order to accomplish optimum production.
Five regimes of irrigation were randomly assigned as main plots, and two N
fertilization rates 143 and 214 kg ha™ (60 and 90 kg/feddan) as sub-plots in a split plot
design. The irrigation regimes were selected to impose water stress throughout the
growing season, and stress at one of the growth stages of wheat (vegetative,
flowering, and yield formation), in addition to full irrigation. Imposing the stress at a
certain stage imply that only 50 % of the crop evapotranspiration (ET.) was applied in
irrigation.

Data showed that the five lmgatlon regimes resulted in grain yield of 2801,
4571, 4345, 3994, and 5390 kg ha™, respectively. These values were corresponding
to actual evapotranspiration (ETa) of 207.9. 312.6, 381.4, 336.6, and 449.5 mm, crop
factor (k) of 0.449, 0.676, 0.825, 0.728, and 0.973, yield response factor (ky} of 0.735,
0.378, 0.538, 0.595, and 0'1761 and water use efficiency (WUE) of 13.60, 14.60,
11.44, 11.89, and 11.98 kg ha per mm ETa, respectively. The saving of irrigation
water due to deficits at the vegetative, flowering, and yield formation stages were
26.8, 13.2, and 23.4% resulted in reduction of grain yield 15.2, 19.4, and 25.9%,
respectively. Several water regimes of low water application gave grain yields, which
were insignificantly different from the full irrigation treatment. Reducing the applied N
fertilizer from 214 to 143 kg ha™ (33.3 %) resulted in reduction of grain yield from 4504
to 3936 kg ha™ (12.6 %), and had little effects on the other yield characteristics.

This study showed that the efficient use of limited amount of irrigation water
available for wheat production was reached if applied to relieve stress during flowering
{mid- late-February to mid- late-March) followed by yield formation (late-March to mid-
April), and least during vegetative stage (mid-December to Iale-Febmary) This can be
coupled with the application of N fertilizer rate of 143 kg ha™ which leads to optimum
yield and environment sustainability.

INTRODUCTION

Water scarcity in the next decades is a real threat to food production in
arid and semi-arid areas where water is the limiting factor in the expansion of
cultivated land. Therefore, water management that maximize yield per unit of
water consumed by plant are highly desired. In Egypt, limited water resources
coupled with high population forced to a great competition for water supply
that makes conservation and efficient use of water obligatory (Ibrahim, 1999,
and Gaber, 2000). Moreover, the newly reclaimed soils facing numerous
problems; amongst water shortage which is the most important factor for crop
production. Subsequently, efficient and optimal scheduling of limited amounts
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of water for high yields of some selected low water consuming and high
valuable crops is urgently needed.

Wheat is 2. major strategic food and feed grain crop successfully grown
under limited water conditions, i.e. the newly reclaimed soils, therefore, its
growth, and high productivity depend mainly on the proper water and fertilizer
management. The various crop development stages posses different
sensitivities to moisture stress where time, duration, and the degree of the
stress all affect yield (Doorenbos and Kassam, 1986; English and Nakamura,
1889; and Ghahraman and Sepaskhah, 1997).

Deficit irrigation is a sirategy which allows a crop to sustain some
degree of water stress in growth stages of less sensitive to water or
throughout the whole growing season in order to save irrigation water (Kirda,
1999; and Labhsetwar, 2003). The knowiedge of the critical stage/s to water
deficit is very important for judicious water management (Gad EI-Rab ef al,
1988). The expectation is that any yield reduction will be insignificant
compared with the benefits gained through diverting the saved water to
imigate other areas/crops. This strategy maximizing WUE, i.e. producing
more with less irrigation water applied, and where properly practiced, may
increase profits and crop quality. For example, the protein content and baking
quality of wheat increase under deficit irrigation {Kirda, 1999). Deficit irrigation
can be practical choice for growers, and they must have pricr knowledge of
crop Yield responses to deficit irrigation. The relationships between crop
growth, soil-water, and fertilization level are complicated and must be justified
in order to develop better soil, water, and crop management (Huang ef al.,
2003).

The objective of this study was to investigate the effect of imposed
water stress through deficit irrigation in certain growth stages of wheat, and N
fertilization rate aiming at the levels that optimizing the productivity and save
water under limited supply of irrigation water of the newly reclaimed soils in

Egypt.
MATERIALS AND METHODS

The field experiments were conducted at West Nubaria, Sugar Beet
region, Village 3 of youth graduates (30°20°'N , 30°40'E) during the successive
seasons of 2000/2001 and 2001/2002. The soil of the experimental site is
calcareous (Typic Calcids), non-saline, loamy sand with bulk density of 1.32-
1.42 Mg m”. Wheat was drilled in soil at 0.2 mx0.2 m spacing on December
14, 2000 and November 29, 2001. The wheat variety was Sakha 8 (local)
with about 160-165 days of growing season. Five levels of deficit |mgatlon
were tested as main plots,and two N fertilization rates 143 and 214 kg ha™'(60
and 90 kg/feddan), divided in two doses 3 and 8 weeks from planting, as sub-
plots in a split plot design with three replications. The irrigation regimes
include full watering {1111) and stress (0000) throughout the growing season,
and stress at the vegetative including tillering and head development (0111),
flowering (1011), and yield formation known as seed filing (1101) growth
stages. The selected growth stages are most relatively sensitive to water
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stress (Zhang, 2003). The development of uniform water deficit at all growth
stages (0000) was necessary for valid comparisons and rarely attempted in
the field (Doorenbos and Kassam, 1986). The vegetative stage was the
longest and extended to March 3 and February 20 in the first and second
season, respectively. The irrigation system was hand-moved sprinkler system
of 12 mx12 m spaces. Imposing the stress at a specified growth stage of
wheat imply that only 50% of the ET. was applied in irrigation. The potential
evapotranspiration (ET,) was calculated from weather data according to
Penman-Monteith formuia (Allen ef al., 1998) using the CROPWAT software,
FAQ, and related to ET, through the k. as:

ET. = k. xET,

Catchments cans of 100 mm in diameter were placed at 0.5, 1,2, 4 and 6
m distances from each of two successive sprinklers to estimate the average
water applied. To prevent distortion of water application patterns, irrigation
was applied every fourth day during periods of no or minimum wind
movement.
The water-balance equation was used to estimate actual
evapotranspiration in the root zone:

ET,=1+P+AS-R,-D,

where | is irrigation, P is precipitation, AS is soil water depletion {change in
moisture content) in the root zone , R, is runoff, and D is drainage below root
zone. lrrigation was applied with assurance that R, and D, were minimal or
zero. Gravimetric soil samples were collected every 15 cm-interval down to
75 cm depth before and after irrigation from the center of each plot at two
replicates of each irrigation treatment to monitor the moisture regime. Soil
samples were collected before planting and after harvesting to monitor salt
palance with different water regimes.

The general recommended agricultural practices for commercial wheat
production were followed. Harvesting was carried out on May 9 and May 2,
respectively for the first and second seasons. The vyield and Yyield
characteristics were estimated from 0.5 m strip along the sprinklers line. The
deficit irrigation stress index (DISI) and nitrogen stress index (NSI) were
calculated as 100x[(highest value-parameter value)highest value] for each
deficit irrigation and fertilizer treatment, respectively.

RESULTS AND DISCUSSION

Yield and Yield Characteristics:

The averages of yield and yield components of wheat in the two
growing seasons for the five irrigation regimes and the two N fertilizer rates
are given in Table 1,
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i) Gross Yield:

Irrigation regimes resulted in no significant differences in gross yields
with the application of 143 kg N ha™' in both seasons, but ali were higher than
0000 regime in the second season. The application of 214 kg N ha'
fertilization showed that the 0111 and 1011 were not significantly different,
but higher than other regimes in the first season, and the 1111 was the
highest regime and not differed from 0111 regime in the second season. The
average of irrigation regimes data showed that 0111 and 1011 in the first
season, 1111 and 0111 in the second season were the highest regimes in
gross yield and not differed from each other. The DIS! were in this order
0000>1101>1111>0111>1011 and 0000>4101>1011>0111>1111 in the first
and second season, respectively. Reducing the amount of applied water by
1120 (26.7%) and 1240 (26.8%) m°ha™ (from 1111 to 0111 regime) resulted
in 12.4% more and 7.8% less gross yield in the first and second season,
respectively.

Table 1. Yield and yield components of wheat grown at Village 3, Sugar
Beet Region, West Nubaria,

Season| .
Applied N Irrigation Regime Avg. N # 1o,
Parameter | " 'ha'y 0000 | 0111 | 1011 | 1101 | 1411 | Tre (NSU (W)
143 12450% | 13833 | 13667 | 12667 | 12884 | 13100" | 9.45
Gross Wt 214 12583 | 16414° | 16883 | 12892° | 13568° | 14468 0
(kg ha™) |Avg. Img. regime| $2517° | 15124° | 15275° | 12780° | 13226" =
DISI (%) 1806 | 099 0 16.34 | 13.41
143 2655° | 3963° | 4118 | 3751~ | 4802° | 3876 | 10.98
Grains Wt 214 2966° | 4580" | 4764° | 4188~ | 5271 | 4354 0
(kg ha') [Avg. Imig.regimel 2B11° | 4272° | 4441° | 3970~ | 5082 -~
DISI (%) 4469 | 1594 | 1260 | 21.88 0
143 9795° | 9870° | 9549° | 8916° | 7992 | 9224 | 8.79
Straw Wt. 214 9617° | 118347 [ 12119° | 8v04° | 8297 | 101147 ]
(kgha™y lAvg img regime| 9706 | 10852° | 10834° | 8810° | 8145 *
DISI (%) 10.56 0 0.17 | 1882 | 2454
143 853" | 924" | 905° | 847 | 932" | 89.2° | 353
Plant Height 214 851" | 971" | 064 [ 868 | 97.0° | 925 0
{cm)  [Avg. imig. regime|{ 85.2° 948" | 935 | 858" | 95.1° *
DISI {%) 10.41 0.37 1.74 9.83 0
Ava. No. of 143 35V ag™ [ 41 | 36~ | 437 | 39" | 683
Grains per 213 38,, ﬂ; 45; 37 4 4 0
Spke |Ave.Img. regme] 37 40 43 37 44 *
DISI (%) 17.056 | 9.09 227 | 1708 0
100 Kernels 143 589 | 623" | 6.14° | 615" | 63/ | 616 | 690
iy 214 637" | 6686° | 675 | 660" | 670° | 667" 0
(g)- Avg. img. regime| 6.13° | 645" | 644 | 638" | B854° *
DISI (%) 6.20 1.38 163 | 245 0
Avg. Spike ;ﬁ 32:7 ggg*b + 190'8; gg: :gr gg: 1'6”
: . ER 1 ] 4° .
'-‘("';‘g;“ Avg. Img regme] 96" | 9.9° ;. 100" | 95 | 103 -
DIS! {%) 6.34 3.90 2.93 7.32 0
143 3337 | 367" | 366° | 349° | 389° | 361" 7.34
No. of 214 364° 3987 382° | 388° | 415" 389 0
Spikes m? [Avg. Imig. regime| _ 349° 383° 3747 369° 402° NS
DIS! (%) 13.31 485 6.97 8.33 0
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Table 1...con’t

"~ SEASON
Applied N - Water ime Avg. N| Nsli
Parameter («S'ha) 0000 | 0411 1(?1.&19 7907 7 131 Trt | (%)
143 10668° | 13500° | 14167 | 130337 [ 144267 ) 13150 | 4.27
" Gross Wi. 214 12016° | 14333™ | 13458° | 13167 ] 16757 | 13746" 0
(kg ha"} [ Avg tmig regime | 11342° | 13917 | 13813 | 13100~ | 15002° |
DIS (%)| 24.85 | 7.79 | 8.47 | 13.20 0
143 2435° | 4193™ | 4438™ | 38627 | 5049° | 3995 | 14.15
Grains Wi 214 31467 | 5547™ | 4058% | 4174 | 6344° | 4654 0
(kghay | Avg img regime | 2791° | 4870° | 4248° | 4018 | 5697 -
DISI (%j] 51.01 | 1451 | 25.43 | 29.47 0
143 8233° [ 93077 | 97297 | 6171* | 9377 | 9163 0
Straw Wt. 214 8870° | 8786° | 9400° | B8B59° | 9413 | 9066 | 1.13

{(kgha™) {Avg. imig regime | 8552° | 9047° | 9565° | 9015° | 9395 NS
DiSt (%)) 10.59 | 542 0 575 1.78

143 785" | 886" | 86.2° | 85.1° | 89.6° | 856 | 408
Ptant Height 214 833 | 93.7° | 874 | 905° | 91.3" | 80.2 0
(em) [Avg img regime | B0.FF | 912° | 86.68° | B7.8° | 905~ | =

DISI (%)] 11.25 0 4.77 3.68 0.77

Ava. No. of 143 370 | ar” [ &t | 4T | 457 [ a7
Gf;i s per 214 42° | 45 &5 | 417 | a¥ Yy 0
Spike  |Ag.Imig.regime a® | 43" | a4 | al” | &~ -
DISI(%)] 15.05 | 753 | 538 | 1183 ] 0O
100-Kemels 143 538° | 667 | 793" | 662° | 694" | 671" | 1455
Wt 214 692 | 7.41° | 723 | 74L& | 7.88° | 7.31" 0
@ Avg. bmia. regrne | 6,15 | 7.04° | 7.58° | 6.8C | 7.41° :
DiS! (%) 1B.87 | 7.12 0 937 | 224
v, Soike 143 857 | 98¥ { 104" { 9.8 | 1027 | 9.7 8.48
‘]’i‘ o 214 9.1° [ 11.0° | 10.2° | 10.3° | 11.1° | 103 0
(g) Avg. \mig. fegime | 8.8° | 10.5° | 10.2° | 10.1° | 10.7° v
DISI (%) 17.37 | 1.88 | 460 | 563 0
143 367° | 4290 | 469 | 403 4827 | 430" | 6.80
No. of 214 362° | 4860 | 443 | 408° | 524° | 451" 0
Spikes m? | Avg Img regme | 380° | 458° | 456 | 406 | 503 .

DISI (%)) 24.55 8.05 9.34 19.38 0
0 ="Siress" water applicatlon equal to 50% of ET., and 1 ="Full irrigation” water application equal to

100% of ET. at the specified growth stage.

¥ Values in the same rows for irigation regimes or same column for fertilizer averages followed by

same letter/s are not significantly different at the 0.05 level of probability.

" NS, *, ** Interactions are not significant, significant at 0.05, and sngmﬁcant at 0.01 levels of

Prohab:llty, respectively.

DiSI=Deficit lrrigation Stress Index , and NSi= Nitrogen Stress Index,

Other options were the reduction of 560 (13.3%) m’ha(from 1011 to 0111
regimes) and 1080 (23.4%) m’ha™ (from 1111 to 1101 regime) resuited in 1%
and 13.2% less gross yields in the first and second season respectwely
Increasing the applied N fertilization (from 143 to 214 kg ha™) resuited in
significant (8.5%) and non-significant (4.3%) increases in gross yield in the
first and second season, respectively. The interactions of irrigation regime x
N fertilization were significant and highly significant in the first and second
season, respectively.
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il) Grain Yield:

Different irrigation regimes resulted in significantly higher grain yneld
than 0000 except 1101 regime with both appllcatlons of 143 and 214kg N ha™
in the first growing season. In the second growing season, the highest 1111
regime was not significantly dlffered from 0111 and 1011 regimes with 143,
and from 0111 with 214 kg N ha”, but higher than 0000 regime. Additionally,
the 1011 was not significantly differed from 0111 and 1101, and all higher
~ than 0000 regime with the application of 143 kg N ha™', and the pairs 0111
and 1011, 1101 and 1101, and 1011 and 0000 were not s:gnlf cantly different
with 214 kg N ha'. The average of irrigation regimes data showed that 1111
was the highest in both seasons, but not significantly differed from 0111,
1011, and 1101 in the first, and differed from other irrigation regimes in the
second season. The DIS| were in this order 0000>1101>0111>1011>1111
and 0000>1101>1011>0111>1111 in the first and second growing season,
respectively. Generally, decreasing the amount of irrigation water resulted in
less grain yield of wheat. It is worth to note that seasonal stress resulted in
44.7% and 51.0% reduction in grain yield. Also, reducmg the amount of
applied water by 1120 (26.7%) and 1240 (26. 8%) m’ha™ (from 1111 to 0111
regime) resulted in 15.9% and 14.5% reduction in grain yield in the first and
second season respectively. Other options were the reduction of 560
(13. 3%) m°ha™ and 640 (13.9%) m*ha™' (from 1011 to 0111 regime} resulted
in 3.3% less and 10.9% more grains yields in the first and second season
respectively. Increasing the applied N fertilization {from 143 to 214 kg ha™' )
resuited in significant 11.0% and 14.2% increases in grain yield in the first
and second season, respectively. The interactions of irrigation regime x N
fertilization were highly significant in both seasons.

iif) Straw yield:

The straw yield showed non-significant responses to different irrigation
regimes in both seasons, except 0111 and 1011 were higher than others with
214 kg N ha™' fertilization in the first season. The DISI were in this order
1111>1101>0000>1011>0111 and 0000>1101>0111>1111>1011 in the first
and second season, respectlvely The reduction in applied water by 1120
(26.7%) and 1240 (26.8%) m *ha’ (from1111 to 0111 regime) resulted in
24.9% and 3.6% reduction in straw yield in the first and second season
respectively. Increasing the applied N fertilization (from 143 to 214 kg ha™)
resulted in significant increase (8.8%) in the first season, while there was a
non-significant change in the second season, respectively. The interactions of
irrigation regime x N fertilization were significant and non-significant in the
first and second season, respectively.

iv) Plant height:

Data of plant height showed non-significant differences between
1111, 0111, and 1011 and all higher than 1101 and 0000 irrigation regimes in
the first season. The 1111 irrigation regime resulted in the hlghest plant
height with non-significant differences from 0111 with 143 kg N ha™, and
0111 highest with no differences than 1111 and 1101 with 214 kg N ha™
fertilization rate in the second season. No significant differences were
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observed between 0111 and 1011, 1011 and 1101 with 143 kg N ha”, and
1401 and 1011 with 214 kg N ha”, and all significantly higher than 0000
irrigation regime in the second season. Seasonal averages of water regimes
showed that 0111 was the highest with no significant differences from 1111,
no differences between 1111, 1101, and 1011, and all significantly higher
than 0000 irrigation regime in the second season. The DIS! were in this order
0000>1101>1011>0111>1111 and 0000>1011>1101>1111>0111 in the first
and second growing season, respectively. Reduolng the amount of applied
water by 1120 (26.7%) and 1240 (26.8%) m m*ha™ (from 1111 to 0111 regime)
resulted in non-significant (0.4% and 0.8%) changes in plant height in the first
and second season, respectively. Increasing the applied N fertilization (from
143 to 214 kg ha™") resulted in non-significant and significant (4. 1%) increase
in plant height in the first and second season, respectively. The interactions
of irrigation regime x N fertilization were significant and highly significant in
the first and second season, respectively.

v) Average number of grains per spike:

The 1111 regime resulted in the highest average no. of grains without
significant differences than 0111 and 1011 regimes in the first season. Also,
no significant differences were observed between 1011, 0111 and 1101,
0111 and 0000 with 143 kg N ha™, and 1101, 0111, and 0000 with 214 kg N
ha™ in the first season. In second season, the 1111 regime was significantly
higher than 0000 regime with 143 kgN ha”, and 1101 and 0000 regimes with
214 kg N ha”', wile other regimes showed nen-significant differences. The
DIS! were in this order 0000>1101>0111>1011>1111 for both growing
seasons. Reducmg the amount of applied water by 1120 (26.7%) and 1240
(26.8%) m°ha™ (from 1111 to 0111 regime) resulted in 9.1% and 7.5%
reduction in the average number of grains in the first and second season,
respectively. Different applied N rates did not significantly affect the average
number of grains in both growing seasons. The interactions of irrigation
regime x N fertilization were highly significant in both growing seasons.

vi) 100-Kernnels weight:

No significant differences in kernels weights were noticed between
irrigation regimes except 1111 and 0000 with 143 kg N ha™' rate in the first
season. In the second season, the highest weights were observed with 1011,
1111 and 1011 with no significant between others, no significant than 0111
and 1011, and no significant than 1111 and 0111, while 0000 was the lowest
than all with 143, 214 kg N ha™', and seasonal averages, respectively. The
DISI were in this order 0000>1101>1011>0111>1111  and
0000>1101>0111>1111>1011 in the first and second season, respectively.
Increasing the N rate from 143 to 214 kg ha significantly not affected and
- increased kernels weight by 14.6% in the first and second season,
respectively. The interactions of irrigation regime x N fertilization were
significant in both seasons.

viij) Average spike length:
The irrigation regimes had no ssgnlf icant differences in spike lengths
with the application of 143 kg N ha™, while 1111 regime showed highest
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lengths with no differences than 0111 and 1011 with 214 kg N ha™' and for
seasonal averages in the first season. The lowes! spike length was noticed
with 0000 irrigation regime, and no differences were noticed between the
highest 1111 and other regimes, 0111, and 0111 and 1011 with 143 and 214
kg.N ha’, and seasonal averages, respectively in the second season. The
DISI  were. in this order 1101>0000=0111>1011>1111 and
0000=1101>1011>0111=>1111 in the first and second season, respectively.
increasing the N rate from 143 to 214 kg ha” significantly not affected and
increased spike lengths by 8.5 % in the first and second season, respectively.
The interactions of irrigation regime x N fertilization were significant and
highly significant in the first and second season, respectively.

viii} Number of spikes per square meter:

No significant differences in number of spike were observed between
irrigation regimes with different rates of N application, and for seasonal
averages in the first season. In the second season, the 1111 regime resuited
in the highest number of spikes with no significant differences than 0111 and
1011 with N rates and seasonal averages. The DISI were in this order
0000>1101>1011>0111>1111 for both growing seasons. Different applied N
rates did not significantly affect the number of spikes in both growing
seasons. The interactions of irrigation regime x N fertilization were not-
significant and significant in the first and second season, respectively.

Salinity Profiles Observed with Irrigation Regimes:

The averages of salinity profiles measured pre-cultivation and after
harvesting for different irrigation regimes are given in Fig.1. Different irrigation
regimes resulted in different soil salinity profiles. The lower salinities were
naticed at the surface layer, and increased with depth. The less the amount
of water applied to soil {ie. stress condition) the higher the salinity was
observed as compared to full watering condition. The stress at early stage
(i.e. vegetative) leads to less salinity at the root zone of wheat as compared
to stresses at the other growth sages. The relation of salinity and applied
water was found inversely linear for the top 25 cm of soil, and non-iinear for
the profile averages.

The best-fit of data resulted in the following relationships of soil
electrical conductivity (EC) in dS m™" and applied water (AW) in mm:

EC = 5.18 - 0.00714 AW r=0817...at 0 - 25 cm depth
EC = 10.77 - 0.0441AW + 0.0000634 AW? R? = 0.671...at 25 - 50 cm depth
EC = 10.32 - 0.0339 AW + 0.0000488 AW ? R? = 0.547...at 50 - 75 cm depth
EC = 8.44 - 0.0263AW + 0.0000343AW? R? = 0.818... Overall
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Fig. 1: Averages of soil electrical conductivities (dS m'} pre-cultivation
(initial) and after harvesting with different irrigation regimes, at
Sugarbeet region, West Nubaria (0000=stress throughout the
growing season, 1111=full irrigation, 0111=stress at vegetative,
1011=stress at flowering, and 1101=stress at yield formation
stage).

Actual Evapotranspiration and Applied Irrigation Water Relationships:

The ET, was positively increased with increasing the amount of
irrigation water. Factors affecting the ET, values were irrigation regimes
developed through deficit irrigation, N fertilizer rates, and growing seasons.
The average ET, values of 207.9, 312.6, 381.4, 336.6 and 445.5 mm were
obtained with 0000, 0111, 1011, 1101, and 1111 irrigation regimes,
respectively. The revealed variations in ET, are due to water stress at various
growth stages causing stomatal closure to certain levels. This considered as
the primary cause for the decrease in transpiration and photosynthesis rates
(Shimshi, 1982), and affecting yield and other characters. Seasonal averages
of ET, were 334.4 and 340.7 mm with 143 and 214 kg N ha™, and 318.3,
356.8, and 337.6 mm for wheat in the first, second, and overall seasons,
respectively. Reported values of seascnal ET, for wheat over several water
treatments were 455-489 mm (Seif El-Yazai et af, 1983) on cv. Giza 157,
209-349 mm (Gad Ei-Rab ef al, 1988) and 292.6-562.9 mm {Gaber, 2000}
on ¢v. Sakha 8, and 292.5-382 1 mm (lbrahim, 1999) on cv. Giza 163 under
shallow water table. The overall equation of ET, (mm) and AW (mm) is
quadratic as:

ET, = -22.3 + 0.982AW - 1.854 x10~% AW ? R? = 0.985

Gross Yield and Applied Water Relationships:

The amount of water applied in different irrigation regimes
significantly affected the gross yield with the two N fertilizer rates in the two
growing seasons. High rates of N fertilization enhancing root and shoot
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growth and make more water available for crop use especially under mild
stress (Huang et a/., 2003). Non-linear relationships between gross yield and
the amount of irrigation water were observed in the two growing seasons.
The best-fit of the responses data of gross yield (GSY) in kg ha™ to AW in
mm are as follow:

1) First season: ‘

GSY =6258 + 42.59AW - 0.0635AW? R? =0434 ..atN=143kgha’’
GSY =-6391+129.9AW - 0.1937AW? R? =0.371 ..atN=214kgha'
2) Second season:

GSY =16.07(0.9975)"W (aw)"-? R? =0973 ..atN =143 kgha

GSY = 11720 - 4.295AW - 0.0266AW? R? =0.740 ..atN =214 kgha™

3) Averages of the two seasons:
GSY =7351+24.91AW - 0.0224AW? R? -0.536 ..atN=143kgha

AW 2 -1
GSY = R?2 =0.296 ..atN =214 kg ha
0.0000543 AW + 0.00545 2 g
GSY = 3212.45(Aw)0-248 R? =0.402 ...Overall

These functions provided different gross yield-water options for the region.

Grain Yield and Applied Water Relationships:

The amount of water applied in different irrigation regimes
significantly affected the grain yield with the two N fertilizer rates in the two
growing seasons. Several studies showed significant increase in the grain
yield with the increase in water application rates (Gad EI-Rab ef al., 1988; Al-
Kaisi ef al., 1997; lbrahim, 1999; and Gaber 2000). Positive trends were
clearly noticed and the best-fit of the responses data of grain yield (GY) in kg
ha'' to AW in mm are given in Fig. 2.

1) First season:

AW 2 -1
= =0.973 ..atN =143 kg ha
GY = 3.00003658 AW +0.07162 R*=0973 ..a g
GY = 9431.7exp[- i‘v‘:’sJ R? =0.959 ..atN=214kgha"
2) Second season:
GY = 10660 exp['i‘:;"s] R? -0.969 ..atN =143 kg ha
GY =480 + 11.86 AW r=0803 ..atN=214kgha'
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3) Averages of the two seasons:

GY = -964.7 + 18.86 AW —0.01265AW? R?2 =0.933 ..atN =143 kgha"'
GY = AW '

0.00003988 AW + 0.06275
GY =-225.0 +15.65AW - 0.00739AW?2 R? =0.782 ...Overall

R?-0798 ..atN=214kg ha™

The quadratic production function was also reported to describe the
response of wheat grain yield at different locations of China, Syria, and USA
{(Zhang and Oweis, 1999; and Zhang, 2003). Generally, these non-linear
response functions offer suitable yield-water options for the region.

GY=AW/(0.00003988AW+0.06275 R2=0.879 (Hgh N}

o

n
GY=-225.0+15.65AW-0.00739AW R?=().782 (Overal) s
. .-

_-'I-

Grain Yield (1000 kg/ha)
N

L8]

o 100 20 0 20 50"
Net Applied Water {rmm)

Fig. 2: Wheat grain yield as related to net applied irrigation water with
different N fertilizer rates (143kg/ha=low N and 214 kgfha=high
N), and the overall quadratic relation.

Crop Factor:

The crop factor reflects all the crop characteristics, sowing date, rate of
crop development, and length of growing season under certain climatic
conditions, Stresses at different growth stages affected the obtained k. values
(estimated from ET, and ET, data) that greatly lowered with the prolonged
stress. Seasonal averages of wheat k. values of 0.449, 0.676, 0.825, 0.728,
and 0.973 were obtained with 0000, 0111, 1011, 1101, and 1111 irrigation
regimes, respectively. Deviation from the k. of normal watering (i.e. 1111
irrigation regime) may considered as stress factor for different growth stages.
The average k. values of 0.707, 0.753, and 0.730 were obtained in the first,
second, and overall seasons, respectively. increasing the applied N fertilizer
from 143 to 214 kg ha™' increased the k. from 0.703 and 0.744 to 0.711 and
0.762 in the first and second seasons, respectively. Reported values of
seasonal k. for wheat were 0.87 (El-Sayed, 1982), 0.35-0.58 {Gad El-Rab et

2193



El-Haris, Mamdouh K.

al., 1988), and 0.78 under shallow water table (Amer ef al., 1989). For most
crops, Doorenbos and Kassam (1986) reported k. vaiue between 0.8-0.9 for
the total growing period. The relation of séascnal k; and AW (mm) is
exponential as:

k. =9.334x107% AW 14 R? = 0.999

Grain Yield Responses to Water:

The grain yield responses to water was determined through the yield
response factor according to Doorenbos and Kassam (1986) which relates
the relative yield decrease [1- (GY/GYy)] to relative evapotranspiration deficit
[1-(ET/ETm). as GY and GY,, are actual and maximum yield, ET, and ET,
are actual and maximum evapotranspiration, respectively.

[1“ GY ]:k [1_ ETa]
GYn| Y| ET,

The higher k, value refers to a greater yield loss under the condition of
limited water (Doorenbos and Kassam, 1986). The obtained values of k, were
lower than 1 (Fig. 3) and varies with different irrigation regimes, N fertilizer
rates, and growing seasons. A response factor lower than unity indicates that
the expected relative yield decrease for a given evapotranspiration deficit is
proportionately less than the relative decrease in evapotranspiration. The k,
greatly reduced with increasing the applied water with different deficit
regimes. The average k, values of 0.735, 0.378, 0.538, 0.595, and 0.176
were obtained with 0000, 0111, 1011, 1101, and 1111 irrigation regimes,
respectively. Different N fertilizer rates showed contrasted trends between the
two growing seasons, but on the averages basis there were no changes.
Seasonal averages of k, were 0.422, 0.526, and 0.484 for wheat in the first,
second and overall seasons, respectively. Kirda (1999) reported seasonal k,
values of 0.76 and 0.93 for wheat under sprinkler and basin -irrigation,
respectively. Only those crops and growth stages with a lower crop yield
response factor {k,<1.0) can generate significant savings in irrigation water
through deficit irrigation (Kirda 1999) and well shown in the results of this
study. The relation of seasonal k, and AW {mm) is quadratic as:

ky =0.6594 +1.454x 1073 AW - 5.509x10°° Aw? R? = 0.692

The k, factor may apply for planning, design, and operation of irrigation
projects allows quantification of water supply and water use in terms of crop
yield and total production of the area.

Water Use Efficiency:

The WUE (kg grains ha' per mm ET,) values were affected by
irrigation regimes based on different water deficit at different growth stages,
and N fertilization rates. The average WUE values of 13.60, 14.60, 11.44,
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11.89, and 11.98 kg ha' mm™ were found with 0000, 0111, 1011, 1101, and
1111 irrigation regimes, respectively. Seasonal stress or stress at early stage
(i.e. vegetative) resulted in higher WUE. The lowest WUE was noticed with
the stress at flowering or yield formatlon stages. Increasing the appiied N
femllzer rate from 143 to 214 kg ha' increased the WUE from 11.92 to 13.48
kg ha' mm’ due to the increase in grain yield. Seasonal average of WUE
was 12.70 kg ha' mm' for wheat in the W. Nubaria region. Reported values
of seasonal WUE for wheat were 7.6-14.8 (Singh et al, 1980) in India, 9.8-
11.9 {Seif El-Yazai ef al, 1983) on cv. Giza 157, 23. 9-31 3 (Gad El-Rab et
al., 1988) and 10.5-14.0 (Gaber 2000) on cv. Sakha 8, and 13.6-16.4 kg ha

per mm (lbrahim, 1999) on cv. Giza 163 under shallow water table.
Generaily, the higher the applied irrigation water the lower the WUE of the
wheat. The linear relationship of WUE (kg ha'mm™) and AW (mm) is given
as:

WUE = 16.175 - 0.0102 AW r=0.609
' 1-(ETa/ET,)
10 b.g 08 o7 06 05 o4 03 02 21 o1¢]
Y [+20]
"

.‘ .‘ 02
L a gE
“eintas 4 04 >
* N143 : e
" N214 ‘& -

Aunzi4 0e

08

1.0

Fig. 3:The relations of growing season relative yield decrease and
relative evapotranspiration deficit for wheat grown in West
Nubaria region (I=first season, ll=second season, N143=143 kg
N/ha, and N214=214 kg N/ha)

CONCLUSION

This study showed that the averages of irrigation regimes 0000,
0111, 1011 1101, and 1111 were 11930, 14521, 14544 12920, and 14159
kg ha” for gross yield, 2801, 4571, 4345, 3994, and 5390 kg ha"' for grain
yield, and 9129, 9950, 10199, 8946, and 8769 kg ha’ for straw yield,
respectively. This corresponding to ET of 207.9, 312.6, 381.4, 336.6, and
449.5 mm, k. of 0.449, 0.676, 0.825, 0.728, and 0.973, k, of 0.735, 0.378,
0.538, 0 595 and 0.176, and WUE of 13.60, 14.60, 11.44, 11 89, and 11.98
kg ha” mm™ , respectively, The region overall averages of all treatments were
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13619, 4220, and 9399 kg ha' for gross, grain, and straw yields,
respectively, correspondmg to ET of 337.6 mm, k. of 0.711, k, of 0.484,
and WUE of 12.70 kg ha' mm™. The yield and yield charactenstlcs increased
while the efficiency of water utilization decreased as the quantities of
irrigation water increased. These results stood in great agreements with the
reported data of wheat growth with different water application rates of Seif EI-
Yazal ef al. (1983), Gad Ei-Rab et al. (1988), Amer ef al. (1989), Ai-Kaisi ef
al. (1997), lbrahim (1998), Gaber (2000), and Moussa (2000).

The saving in irrigation water was 26.8% due to stress at the
vegetative stage and resulted in reduction of 0.2% gross, 15.2% grain, and
2.4% straw yields, and minor effects on the other yield characteristics. The
effects exhibited by the stress at the flowering stage were ciose to those of
the siress at the vegetative stage, and the resulted saving in irrigation water
was 13.2%. Saving 23.4% of irrigation water due to the stress at the yield
formation stage leads to reduction of 11.0% gross, 25.9% grain, and 12.3%
straw yields, and double reduction of the other characteristics as compared to
the stress at vegetative stage. Imposing water stress throughout the whole
season caused great loss in grain yield and other yield characteristics.
English and Raja (1995) suggested that deficits between 15 and 59% would
be economical. Therefore, if the amount of irrigation water available for wheat
production is limited, it could be used more efficiently if applied to relieve
stress during flowering (mid-late- February to mid- late- March) followed by
yield formation (late-March to mid- April), and least during vegetative stage
(mid-December to late-February).

Similar to that reported by Zhang and Oweis (1999} grain yield linearly
increased with the increase in ET, and better trend was observed with
relative wheat yield vs. relative growing season ET (Fig. 4) because of
avoiding variations in yield in different years and normalizing the relationship
(Singh et al.,, 1980). The fitted GY (kg ha™) with ET, (mm), and the relative
relation are given as:

GY = 954.5 + 9.674ET, r = 0.845
GY ET,

- 0.871
GY,, ET, r

The reduction in ET, due to stresses at one growth stage between
vegetative and yield formation were 15.1-30.5% resulted in 15.2-25.9%
reduction in grain yield. Zhang (2003) reported that 40% reduction in ET
during same period reduced yield by 15-20% in Syria.

Reducing the applied N fertilizer from 214 to 143 kg ha™ (33.3 %)
resulted in reduction from 14107 to 13130 kg ha (6.9 %), 4504 to 3936 kg
ha (12.6 %), and 9603 to 9194 kg ha™ (4.3 %) of gross, grain, and straw
yields, respectively, and had minor effects on the other yleld characteristics.
Amer ef al. (1989) suggested that the rate of 150 kg N ha™ is optrmum for
high grain yield of wheat. Thus, N application of 143 kg ha' can be of
environmental advantage. However, it is better matching N application with
wheat needs under sprinkler irrigation (Eck, 1988).
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Fig. 4: The relations of (a) wheat grain yield vs. growing season actual
evapotranspiration, and (b) relative wheat yield vs. relative
growing season actual evapotranspiration.

Deficit irrigation is an efficient strategy for higher productivity of wheat
with the same amount of water resources compared with full irrigation under
water shortage conditions found in the newly reclaimed soils. Higher
productivity of applied water is achieved at water supply level lower than that
of maximum yield. The risk with deficit irrigation is low because the response
curve of yield to water supply often has a wide plateau, and can be minimized
through proper irrigation scheduling by avoiding water stress especially
during the growth stages more sensitive to water stress. Thus, a considerable
amount of water can be saved without a significant yield reduction compared
with full irrigation.

This work may provide guidelines for practicing deficit irrigation with
wheat in the newly reclaimed soils of Egypt for identifying likely growth stages
for imposing reduced irrigation (or ET), and for assessing the eccnomic,
feasibility and acceptability of deficit irrigation through the estimation of
expected reiative yield decreases.
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