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ABSTRACT

Crop water productivity (CWP) is defined as Crop yield/Water
consumptively used in evapotranspiration (ET). Crop water productivity can be
quantified in terms of wet or dry, nutritional value or economic return.

The present study was carried out to estimate crop water productivity of
winter, summer and perennial crops in the old lands at Delta, Middle and Upper
Egypt regions. The crop productivity through three decades (1972-2002) was
obtained from Agricultural Economic Research Institute Bulletins and used with
the water consumptive use (ET) to calculate crop water productivity. ETcrop was
estimated using CROPWAT4.3 model (Derek ef al., 1998),

Results indicate that crop water productivity (CWP) for winter and
summer crops were increased in the second and third decades as compared with
the first decade. The CWP for perennials was improved in the third decade as
compared with the two others. Delta region is the most efficient in CWP as
compared with Middle and Upper Egypt, which gave the highest CWP for most
of the crops, followed by Middle Egypt region. Decreasing CWP in Upper Egypt
may be related to increasing water consumptive use as a result of high
temperature. Increasing CWP of any crop in any region encourage the increasing
of the cultivated area in this region. This will help in maximizing the water use
efficiency in the region.

INTRODUCTION

With increasing population and demand for food, sustainable production
increases from irrigated agriculture must be achieved. With limited fresh water
and land resources, and increasing competition for these resources, irrigated
agriculture worldwide must improve its utilization of these resources (Molden et
al., 1998).

Water productivity is an efficiency term quantified as a ratio of product
out put (goods and services) over water input. The output could be biological
goods or products such as crop (grain, fodder) or livestock (meat, egg, fish) and
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can be expressed in terms of yield, nutritional! value or economic return. The
output could also be an environment services or functions. Water productivity can
be quantified at different scales, and for a mixture of goods and services.

The overall aim of agricultural water management is to enable farm
managers to achieve high levels of irrigation efficiencies, water use efficiencies
and crop productivity that will maximize return on investments in rainfed and
irrigated conditions under adequate or deficit water supply. This requires accurate
predictions of crop water requirements and crop response to water for
determining irrigation requirements and planning and implementation of
irrigation schedules to achieve desired objectives (Smith, 2002).

The information regarding crop water productivity for Egyptian crops
through long period is limited. Fiew researchers calculated water use efficiency or
water utilization efficiency for some crops afier carrying out field experiments for
two years only.

For example, El- Marsafawy (1995) found that thc highest water use
efficiency (WUE}) values for maize crop in Middle Egypt in 1992 and 1993 werc
2.38 and 2.41 kg grains/ m® water consumption, respectively, obtained when
plants irrigated at 0.6 accumulative pan evaporation., Emara, et al. (2000)
concluded that the highest water utilization efficiency (W.ULE.) for sugar beet as
expressed as root vield per m® of water was about 14 kg/ m® and it was
accompanied with drought stress at middle of mid-season and middle and end of
late-scason. On the other hand, the lowest value was about 11 kg/ m” resulted
from the non stressed treatment. Same trend was obvious rcgardin’g (W.ULE) in
relation to sugar vield. The average corresponding values of sugar yield were 2.52
and 2.00 kg/ m’ respectively. Rayan ef a/. (2000) showed that average value of
WUE (kg/ m°) for cotton crop ranged between 0.288 to 0.666 at Shandaweel
region {Upper Egypt). El- Samanody er al. (2004) found that average WUE value
for sunflower crop ranged between 0.38 to 0.53 kg seeds/ m® water use at Giza
region (Middle Egypt). El- Shenawy er af. (2005) stated that increasing the
amounts of applied irrigation water for banana, under calcareous soils, and drip
irrigation conditions at Nubaria area (North-West Nile Delta), led to an increase
in water utilization efficiency {W ULE) values. The highest WULE value was 4.38
kg/ m® obtained from the [; (100% ETp) irrigation treatment during the 2003/
2004 growing scasolt.

Smith (2002) indicated that precise knowledge on crop response to water
is essential in a range of applications for policies and investment strategies at
national and regional level, as well as in practical management tools at basin,
scheme and farm level, as follows:

* To assess the impact of drought, rainfall varizbility and climatic change on
yield, production and environment,

s to evaluate water use efficiency and crop water productivity under prevailing
rain patierns and traditional farm practices and define with farmers options
for improvement and appropriate stratcgies to optimize yields and to reduce
risks of crop failure related to crop choice, planting time, soil cultivation and
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crop cultural practices (weeding, density, fertility} and to define options for
water conscrvation and supplemental irrigation;

e to define under irrigate crop conditions water supply strategies for optimal
crop production and economic returns under conditions of reduced water
supply and to advise farmers to optimize timing and application rate of crop
irrigation for optimal yiclds and income also under limited water supply,

. 10 define national and regional policies, plans and strategies 1o mect food
requirements under conditions of drought and limited water supply in rainfed
and irrigated agricuiture;

e to tdentify research programimes in crop improvement and natural resources
management for improved water productivity in both rainfed and irrigated
crop production, including identifying opportunities for biotechnology.

The aim of this study is to evaluate the trends of crop water productivity
for Egyptian crops through three decades. The results will reflect the status of
crop water management in the Egyptian Agriculture Sector, and the effect of its
performance on the crop water productivity.

MATERIALS AND METHODS

Crop Water Productivity
According to Smith (2002} Crop water productivity is defined as Crop

yield/Water consumptively used in ET.

I- Crop Yield (Productivity)

Data of crop productivity for winter, summer and perennial crops at the
three regions (Delta, Middle and Upper Egypt} was obtained from Agricultural
Economic Research Institute Bulletins (Volumes No. 1972 to 2002). The
unavailability of yield data for some crops reduced the number of representative

years on some graphs,

II- Water Consumptive Use
Water consumptive use or Evapotranspiration (ET crop) was determined
using a computer program named CROPWAT4.3 model.

Data needed for CROPWAT4.3 model:
The data needed are:

1. Climate Information.

2.  Crop Informations.

3. Soil Information.

1. Climate Information

e  Mecan monthly iempcrature (minimum and maximum), humidity, sunshine,
wind speed and rainfall data for 31 years (1972-2002) were collected for
every region.

* Agrometeorelogical data for each region were obtained from one
representative site within each region as follows:
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The Delta region was represented by Sakha (Khafr El-Sheikh
Governorate; Lat.. 31.07 N, Long.: 30.57 E, Elev.: 20 m); Middle Egypt was
represented by Giza (Giza Governorate; Lat.: 30.03 N, Long.; 31.13 E, Eiev.: 19
m} and Upper Egypt was represented by Shandaweel (Sohag Governorate Lat.:
26.26 N, Long.: 31, 38 E, Elev.; 60 m).

Tables (1-3) indicate the average weather data (normals) of each

governorate (average 31 years).

Table (1): Agroclimatological data for Khir El-Sheikh (Sakha) region
(av. 1972-2002).
Month Tmax, | Tmin. | Average (l:; (l?fs) (m\YSEc) R:::;“
January 18.7 6.8 12.8 72 1.0 1.3 13.9
February 19.6 6.9 13.3 70 7.7 1.4 18.8
March 217 84 151 67 86 1.6 7.6
April 26.2 11,2 18.7 61 9.6 1.5 2.0
May 304 14.4 224 56 | 10.6 1.6 1.3
June 323 17.9 25.1 60 | 11,9 L6 0.0
July 326 20.1 26.4 66 | 11.6 1.4 0.0
August 32.9 19.8 263 69 | 11.3 1.2 0.0
September | 319 17.6 248 69 | 10.3 1.1 0.0
October 29.2 15.2 222 66 9.3 1.0 12
November 252 11.9 18.6 67 8.0 1.4 5.8
December 20.3 8.4 14.4 71 6.6 LI 10.1
Year 268 13.2 20.0 66 9.4 1.3 60.7

where: T.max., T.min. = maximum and minimum temperatures °C; RH = relative
humidity (%); S8 = actual sun shine (hour) and WS = wind speed (m/ sec).

Table (2): A

roclimatolo

i

Month Tmax. | Tmin. | Average (;R/DH)
January 19.4 7.6 13.5 72 . . .

i February 20.8 8.4 14.6 70 7.8 21 2.6
March 239 10.9 17.4 63 8.6 23 3.0
April 28.9 14.4 216 60 9.6 24 0.6
May 32.4 17.9 25.1 56 10.7 2.6 0.0
June 34.9 20.9 27.9 58 11.9 27 0.0
July 35.1 22.6 28.9 64 11.6 23 0.0
August 34.8 225 286 67 113 20 0.0

| September | 33.4 20.9 27.2 67 10.2 20 0.0

| October 30.4 18.0 24.2 68 9.3 20 0.1

: November | 25.1 12.9 19.0 73 8.0 1.7 1.3
December | 30.1 15.4 22.8 72 10.1 23 :
Year 29.1 16.0 226 . . :
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Table (3): A limatological data for Sohag (Shandaweel) region (av. 1972 -2002).

Month Tmax. | Tmin, | Average (If; (:fs) (m‘Ysic) R;;l:all
January 20.8 6.5 13.7 64 29 1.3 0.0
February 234 8.1 15.8 63 9.8 1.6 0.0
March 27.3 11.4 19.4 52 9.9 1.9 0.0
April 32.1 15.3 23.7 39 10.3 1.9 0.0
May 36.3 19.6 27.9 30 11.3 2.2 0.0
June 381 223 30.2 36 12.3 2.2 0.0
July 378 22.8 30.3 46 12.2 1.9 0.0
August 36.5 223 294 48 11.9 19 0.0
September | 354 ! 204 27.9 48 | 108 2.3 0.0
October 32.8 17.9 25.4 48 10.0 1.9 0.0
November 27.2 13.2 20.2 58 9.3 1.6 0.0
December 224 8.1 153 62 9.0 1.4 0.0
Year 30.8 15.7 233 49 10.5 1.8 0.0

2. Crop Information

e Crop information including area and pattern % for different main crops in
each site. :

s Crop coeflicient, growth stages, sowing and harvesting data for each crop.
Crop information data for cach crop are listed in Table (4).

3. Seil Information

3-1- Dominant soil types in the Governorates for farming system are considered.
In this study, medium soil type was selected and used to estimate the soil
moisture content of the major type of soil in Egypt. One of the irrigation
scheduling criteria scenario with regard to the irrigation timing will be used
for the study |User-Defined for application timing (days) or application
depths (mm)}.

3-2- Seil Description: Total available soil moisture (mm/m depth), maximum
infiltration rate (mm/day), maximum rooting depth (m) and initial soil
moisture depletion (% of total available moisture). Relevant soil
characteristics for medium soil are descriped in Table (5).

¢  Until now CROPWAT (4.3) cannot calculate the crop water requirement for
rice. In this papcr ETcrop values for rice were calculated according to
Doorenbos and Pruitt (1977) as follows:
ETcrop = ETO * Kc

Where: ETcrop: Crop evapotranspiration
ETO: Reference crop evapotranspiration
Kc: Crop coefficient
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Table (4): Crop Coefficient, growth stages, sowing and harvesting dates and
season length for the main crops.

Reference crop evapotranspiration (ET0) was calculated using
CROPWAT4.3 model, and crop coefficient (Kc) was obtained from the FAO paper
No. 33 (Doorenbos and Kassam, 1986), and modified for the crops under study..
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. f Soil Descptmn
| Total available soil moisture (mm/m depth)

| Maximum infiltration rate (mm/day)
| Maximum rooting depth (m)
| Initial soil moisture depletion (%)

RESULTS AND DISCUSSION

I- Winter Crops

The crop water productivity (CWP) for barley, cabbage, cucumber, dry
bean, egg plant, faba bean, garlic, green bean, onion, pepper, potate, squash,
sugarbeet, tomato and wheat are shown in Table (6) and figs. (1-15).

Results indicated that CWP for winter crops were increased in the
second and third decades as compared with the first decade. The fluctuation
between results from year to year and from region to other may be due to the
differences between weather conditions, genotypes and other factors. Average
values of the three decades as recorded in Table (6) clearly show that Delta region
was superior in CWP for barlcy, cucumber, faba bean, green bean, onion, squash,
sugarbeet and wheat as compared with Middle and Upper Egypt. While, In
Middie Egypt the superiority of this character was found for dry bean, egg plant,
garlic, pepper and onion as compared with the two others. In Upper Egypt, it
superior for Potato crop only. Decreasing number of superior crops in Upper
Egypt in despite of increasing in productivity for some crops may be due to
increasing temperature which caused increase in ETcrop and decrease in CWP.

The change percent of CWP between superior region and other two regions
are presented in Table (7). Results indicated that increasing percentage of CWP in
Delta compared to Middle and Upper Egypt ranged between (13.2-42.8) and (13.5-
142.0)%, respectively. While, in Middle Egypt, the increasing percentage of CWP
ranged between (4.5-21.2) and (12.2-73.9)% compared to Delta and Upper Egypt,
respectively. In Upper Egypt CWP for potato crop increased by 3.1 and 13.1%
compared to CWP in Delta and Middle Egypt, respectively. From the previous results
it can be concluded that the high level of CWP (for some crops) in one region
encourage 1o increase the cultivated area for these crops in this region.

In this connection, Doorenbos and Kassam (1986) found that the water
utilization efficiency for harvested yield (Ey) for cabbage, faba bean, onion, pepper,
potato, sugarbeet, tomato and whem are (12-20), (0.3-0.6), (8-10}, (1.5-3.0), (4-7), {6-
9), (10-12), and (0.8-1.0) kg/ m’, respectively. Rayan et al. (1999) indicated that water
use efficiency (WUE) for wheat crop at Shandaweel region (Upper Egypt) ranged
between 0.43 to 1.44 kg graing/ m® water consumptive use. El- Marsafawy (2000)
showed that average values of WUE for wheat crop ranged between .83 to 1.70 kg
grains/ m” water consumption at Giza region (Middle Egypt).
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Fig. (1): Trends of crop water productivity for barlcy crop in Delta, Middle and Upper Egypt.
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Fig. (2 ) Trends of crop water productivity for cabbage crop in Delta, Middle and Upper Egypt.
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Fig. {3 ) Trends of crop water productivity for cucumber crop in Delta, Middle and
Upper Egypt.
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Fig (4 ): Trends of crop water productivity for dry beans crop in Delta, Middie and Upper Egypt.
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Fig. ( 5 ) Trends of crop water productivity for egg plant in Delta, Middle and UppdEgypt.
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Fig. ( 6 ): Trends of crop water productivity for faba bean (dry) in Delta, Middle and Upper Egypt.
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Fig. { 8 ) Trends of crop water productivity for green beans crop in Delta, Middle and
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Trends of crop water productivity for onion crop in Delta, Middle and Upper Egypt.
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Trends of crop water productivity for potato ¢rop in Delta, Middie and Upper Egypt.
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Fig. ( 12 ); Trends of crop water productivity for squash crop in Dclia, Middle and Upper Egypt.
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Fig. (13 ) Trends of crop water productivity for sugarbeet crop in Delta, Middle and Upper Egypt.
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I- Summer Crops

CWP for cabbage, cotton, cucumber, dry bean, egg plant, green bean,
groundnut, maize omion, pepper, potato, rice, sorghum, soybean, squash,
sunflower and tomato are presented in Table (6) and figs. (16-32).

Table (6):Trends of crop water productivity (CWP) for the main crops
grown in Delta, Middle and Upper Egypt through three decades.
g, - IR TTTTTRE

Second

docnde

(B1491)

0.71
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Table (7): Change percent of CWP for winter crops between superior region
and other two regions,

Crop Supc_rmr Change % with the other two regions
region
Middle Egypt Upper Egvypt
Barie 14.3 493
Cucumber 428 142.0
Faba bean 132 79.1
Green bean Delta 16.2 81.0
Onion . 226 13.5
Squash 19.8 50.5
Sugarbeet 401 421
Wheat 19.1 50.6
Deita Upper Egypt
Dry bean 10.2 56.5
E lant Middle 4.5 274
Garlic Egvpt 20.5 73.9
Pepper 21.2 520
Tomate 7.7 12.2
Upper Delta Middle Egypt
Patato Egspt 3 .

Resuits indicated that CWP for sumimer crops were improved in the
sccond and third decades as compared with the first decade, except pepper
(Delta)}, egg plant and squash (Middle Egypt), which were decrcased in the third
decade. Average values of the three decades as recorded in Table (6) indicated
that Delta region was superior in CWP for most of summer crops (i.e. cabbage,
cotton, cucumber, dry bean, egg plani, green bean, groundnyt, maize, potato,
soybean and squash) as compared with Middle and Upper Egypt. While, in
Middle Egypt the superiority of CWP was found for pepper, sunflower and
tomato as compared with the two other regions, Data in Table 6, also show that
CWP of onion and rice were better improved in Delta than in Middle Egypt, and
CWP of sorghum was better in Middle Egypt than in Upper Egypt.

The change percent of CWP values between superior region and other
two regions are prescnted in Table (8). It can be concluded that increasing
percentages of CWP in Delta region were ranged between (8.6 to 69.1) and (15.2
to 116.4)% compared to Middie and Upper Egypt, respectively. While, in Middle
Egypt the increasing of CWP percentages as compared to that in Delta and Upper
Egypt were ranged between (4.5-21.2) and (12.2-73,9)%, respectively.

According to Doorenbos and Kassam (1986) the water utilization
efficiency for harvested yield (Ey) for cotton, groundnut, maize, rice, sorghum,
soybean and sunflower were (0.4-0.6), (0.6-0.8), (0.8-1.6), (0.7-1.1), (0.6-1.0),
(0.4-0.7) and (0.3-0.5) kg/ m’, respectively. Ei- Marsafawy et al. (1998) reported
that water use efficiency values for maize crop in 1996 were 1.30 and 1.09 kg
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grain/ m® water use for 70 and 140 cm row width, res!pectively. The same
respective values in 1997 were 1.30 and 1.06 kg grains/ m” waler consumption.
Salib et al. (1998) found that the hiFhest water use efficiency values by sunflower
were 0,575 and 0.564 kg seeds/ m” water consumed in 1996 and 1997 seasons,
respectively, obtained from applying 30 kg N/ fed. Mohamed ef al. (2004)
showed that water utilization efficiency (WULE) for soybean crop ranged between
1.15 to 2.32 kg seeds/ mm applicd water at Shandaweel region.

INI- Perennial Crops
The CWP for alfalfa, banana, dates, grapes, mango, orange and
sugarcane are recorded in Table (6) and figs. (33-39).

The results showed that CWP for perennial crops were improved in the
third decade as compared with 1™ and 2™ decades. Averages of the three decades
as shown in Table (6} indicated that Delta region was higher in CWP for banana,
date, grapes, orange and sugarcane than that in Middle and Upper Egypt. While,
Middle Egypt gave the highest CWP for alfalfa and mango.

The change percent of CWP between superior region and other two
regions are presented in Table (9). It can be concluded that increasing percentages
of CWP in Delta region ranged between (4.2 to 70.4) and (11.2 to 104.5)%
compared to Middle and Upper Egypt, respectively. While, in Middle Egypt the
increasing of CWP percentages as compared to that in Delta and Upper Egypt
were ranged between (14.3-25.3) and (20.6-35.8)%, respectively.

Table (8): Change percent of CWP for summer crops between superior
region and other two regions,

R p—— . . o _..

Crop Superior Change % with the other two regions

region

Middle Egypt Upper Egypt

‘ Cabbage 69,1 51.4

{ Cotton ‘ 30.0 30.0

{ Cucumber 18.4 296

| Dry bean 36.7 46.4
go plant 23.2
reen bean 26.3
roundnut 8.6
[Maize 1.7
Onion 25.1
263
35.3

78.3
Upper Egypt

[Sorghum l‘gi"_,‘“f
{ Sunflower ayp
| fomato | | ___
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Fig. ( 16 ) Trends of crop water productivity for Cabbage crop in Delta, Middle and Upper  Egypt.
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Fig. (17 ). Trends of crop water productivity for cotton crop in Delta, Middle and Upper Egypt.
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Fig. (18): Trends of crop water productivity for cucumber crop in Delta, Middle and Upper Egypt.
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Fig. { 19 ): Trends of crop water productivity for dry beans crop in Deka, Middk and Upper Egypt.
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Fig. (21 ): trends of crop water productivity for green beans crop in Delta, Middke and Upper Egypt.
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Fig. { 22 ): Trends of crop water productivity for groundnut crop in Delta, Middle and Upper Egypt.
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Fig. (23 ): Trends of crop water productivity for maize crop in Delta, Middle and Upper EgypL
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Fig. (24 ¥ Trends of crop water productivity for onion crop in Deha and Middle Egypt.
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Fig. (25 ¥ Trends of crop water productivity for pepper crop in Delta, Middle and Upper Egypt.
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Fig. ( 26 ). Trends of crop water productivity for potato crop in Delta, Middlc and Upper Egypt.
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Fig. (27 ) Trends of crop water productivity for rice crop in Delta and Middle Egypt.
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Fig. (28): Trends of crop water productivity for sorghum crop in Middic and Upper Egypt.
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Trends of crop water productivity for soybean crop in Delta, Middic and Upper Egypt.
]
4

T 1y 1 1 1 rr—-rr1 T F 11T 1 T r 1.1 T 1 1. 11 1 °r 1t 3

T2 FX 74 3% 16 7T 70 7% ko B1 N1 KD B4 B B BT B 99 M0 B} N1 ¥) 4 py w4 97 81 w0 00 81 02

Years
r Regions
¥Deka 7iNadie B Unney

Fig. ( 30 ): Trends of crop water productivity for squash crop in Delia, Middle and Upper Egypt.



Trends Of Crop Water Productivity Under Egyptian Conditions 387

06

03

G o warr
)
'y

¢3

E:
4 02
; v
g 0y T T T T r T T T T T T T T T T T
T 73 7A TS 76 77 A TY S0 N1 W3 N3 M4 KT W N7 BN U3 % 3} 52 %3 %4 33 %6 37 33 ¥ 08 o1 03
Years
Regions
o Delta wsyMEdEe WEUpper

Fig. (31 ): Trends of crop water productivity for sunflower crop m Deha, Middic and Upper Egypt.
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Fig. (32). Trends of crop water productivity for tomato crop in Delta, Middie and Upper Egypt.
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Fig. (33 ): Trends of crop water productivity for alfalfa crop m Delta, Middle and Upper Egypt.
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Fig. ( 34): Trends of crop water productivity for banana crop in Dclta, Middle and Upper Egypt.

) A
E 2.05 i‘

Fig. (35 ): Trends ofcru-pr water productivity for date crop n Dehta, Middle and Upper Egypt
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Fig. ( 36 ¥ Trends of crop water productivity for grapes crop in Dela, Middle and Upper Egypt.



Trends Of Crop Water Productivity Under Egyptian Conditions 389

1.5 1
0.5
—
o —
AL A L L AL UL L L L AL L AL S L U
TIO¥S Ta T3 te 3T 7TH 7P 30 Wl 22 51 B4 AL 06 BT U0 W B EL 42 83 B4 g B BT R PR 6 41 8]

wyDeita 2 Mdde WEUppec
Losesa sinsase sscppe

Fig. ( 37): Trends of crop water productivity for mango crop m Delta, Middle and Upper Egypt.
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Fig. (38 ) Trends of crop water productivity for oranges crop in Deha, Middle and Upper Egypt.
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Fig. (39): Trends of crop water productivity for sugarcane crop in Delta, Midde and Upper Egypt.
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Table (9): Change percent of CWP for perennial crops between superior
mn and other two re i

Superior Change % with the other two regions

region
Middle Egypt Upper Egvpt
50.0 1.

= 22.3

A 1.2
70.4
32
= Delta
¥ 35.3
=

Doorenbos and Kassam (1986) found that the water utilization efficiency
for harvested yield (Ey} for alfalfa, banana, citrus, grapes and sugarcane are {1.5-
2.0, (2.5-4.0), (2.0-5.0), (2.0-4.0) and (5.0-8.0) kg/ m’, respectively.

Generally, it can be concluded that CWP for Egyptian crops were
increased in the last 20 years for the winter and summer crops and in the last 10
years for perennials as compared with the previous years. These results
emphasize on improvement in crop water management in the Egyptian
Agriculture sector during the last two decades .

On the other hand, Delta region is the most efficiet in CWP as
compared with Middle and Upper Egypt, since it gave the highest CWP for most
crops, followed by Middle Egypt region. Decreasing CWP in Upper Egypt for
most crops may be due to increasing water consumptive use as a result of high
temperature. Increasing CWP for some crops in a region encourage increasing the
cultivated area of these crops in this region, to maximize the water usc efficiency.
In Upper Egypt, selecting crops of high yicld as well as using efficient irrigation
method may improve the CWP in this region,
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