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3«35 Abdel-Rasool et al. (1971) found that scasonal

: evapotranspiration at Northern Delta (Sakha) r»ranged from
4 25.60 to 42,10 and 21,25 to 25.24 cms in 1968/69 and

} 1969/70 secasons, respectively., Scif-El-Yazal (1$71) poin-
? ted cut that the consumptive use values were found to bhe
32.5, 27.9 and 25.1 ems for 50%, 75% and 100% depletion

in available soil moisture respectively,

3.36 Abd-LEl-Hafez (1976)showed that, at Sakha, the
consumptive use was 35,80 cms in 1971/72 for Giza 155

wheat variety. In the second season at Mexipak wheat
variety was planted and evapotranspiratioq was Tound to be
42 .68 ems. Eid (1977) found that the consumptive use values
ot Giza were 34,10 and 35.75 for the Giza 156 and Mexipak
varieties respectively, Abdel-Motalleb (1978) found that -

O

at Mallawi in Middle Egypt.. evapotranspiration was 41,4 -cms
i for Mexipak 69 wheat variety. El-Gibali and Badawi (1978)
computed evapotranspiration rates for wheat using ‘the -

1 Balney~-Criddle formula and the values were found to be: . -

| 3 37.9, 40,5 and 42,1 cms for Lower, Middle and Upper .Egypt
| : respectively, ! Y
; 3 3.37 'Tha consumpitive use studies indicated that the

3 values were 38,31, 47 .54 and 52.27 cms for Lower, Middle
' and Upper Egypt respectively (table 8)., It can be noticed
| ﬁ from this table that the average daily use was 0.28, 0,29
and 0,33 cms for the regions respectively, The crop co-
efticients-for wheat are 0,50, 0,72, 0,74, 0,76, 0.80,

0,506 and 0.42 for the months from November to May with an

average value of 0,65,




) (22)

TABLE 8

Consumptive Use for Wheat (em)

Regions » Nowv, Dec, Jan, Feb, MHer. - Apr., May Seasonal

LOWER EGYPT

Monthly rates 0.65 4,37 -~ &34 5.49 9.61 10,50 3.35 58.51

Daily rates 0.13 0,14 0.1k 0.20 0,31 0,35 0,28 0,23

MIGDLE EGYPT

Monthly rates 1.13 5.77 6.32 7 .81 13.27 11,55 1,69 k7 .54%

2 Y
Daily rates 0.16 0.19 0.20 0,28 0.43 0.39 0.34 0.29

UPPER_EGYPT

| Monthly rates 2,20 6 .91 7.60 10,22 13.64 11,70 52,27
Daily rates 0,22 0,22 0.25 0.37 0. Lk 0.39 0,33
Average K 0,50 0,72 0.7h 0.76 o0.80 0.58 0.4h2 0.65

Lower Egvpt Middle Egypt Upper Egypt

i

. Note 1 :Planting and Harvesting dates are as follows !

|

‘ Planting Harvesting Planting Harverting Planting lnrventing

Neov. 25

May 12 Nowv, 2] May 5 Nowv, 20 April 30
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Nev. 25
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Clover (lercecm)

3.38 Berseem is the main forage winter crop in Egypt.
It is beingz grown either as a temporary crop or as &
full-season cror that usgually yields four cuttings, It
follows colton, maize or rice in the crop rotation, Tem=-
porary clover is planted as a catech crop at the same tinie
as the Tull season crop in most of the land which will be

planted with cotton the following spring (EL-Tobgy 1976).

3.39 Khafagi et al,(1967) computed the concumptlve use
for full-seascn clover and the average vnlues were found
to be 56.5, 59.4 and 6%,0 cms resrectlvely for Lower, Mid-
die, and Upper Egypt. Eid et al (1965) computed consump-

tive use for Lower, Middle and Upper Egypt and the valucs

obtained were 3%.,4, 35.5 and 38.% inches respectively,

3.40 Badawi et al. (1969), at Giza, found that the 'sea-
sonal consumptive use was 53,2 cms, Badawi (1570) indica-
ted that the low levels of s0il moisture correlate with

low yielgs of clover either temporary or full-season

]

clover was 53.8 cms.

3 .41 El-Cibali and Badawi (1978) using the Blaney -
Criddle formula found the evapotranspiration rates for
clover tc be 45.6, 45 .1 and 49.3 cms respectively for
Lower, Middle and Upper Egypt regions,

3.8 The data presented in table 9 indicate that the
seasonal evapotranszpiraticn rates were 56 .15, 67 .68 and -
74 .29 cins respectively for Lower, )Middle and Upper Egypt
regions, It can bve noticed that the average daily water

use was 0.27, 0.32 and 0,35 cns for the above mentioned




. TADLE 9

Consumptive Use for Clover (em)

Regions Nowv, Dec. Jian g Feb, Mar . Apr., May Sensonal

LOWER EGYPT

] d i‘l

Monthly rates L .35 L, o6 5.30 6.30 9.39 14,16 11,69 56,15
Daily rates 0,15 0.1 0,17 0,23 0.30 0.47 0,38 0,26
MIDDLE EGYPT

H'Onthly l‘ﬂt"‘!s 5-50 G'i? 5.86 B.j? 12-8? 15 -?5 13006 6? -EB B
Doilv rates 0,19 0,20 0.19 0.30 0,42 0.53 0,42 o, 32
UPPERl EGYPT

Morthly rates 5.76 6.48 6,54 9.97 14,89 16,68 13.98 74 .30
Daily rates 0.19 0.21 0.21 0.36 0.48 0.56 0.45 0.35
Average X_ 0,52 0,76 0,74 o0.80 0.81 0,80 0.53 0,71

Note 1 : Planting and Harvesting dates are as follows @

Upper Egypt Middle Fgypt Lower Egypt
Planting Harvesting Planting Harvesting Planting Harvesting
Neov, 1 Moy 31 Nov, 1 May 31 Now, 1 May 31

Note 2 : Number of irrigations : 9 to 11




Nov, 1 Mey 31

may Ji1

4

TN g

Note 2 : Number of irrigations : 9 to 11

(25)

regions respectively,

3.43 The crop coetfficient for full-ceason berseem was 0,52
at the beginning of the season, It ranged frem 0.74% to
0.81 through the growing season and decreased to 0,53 at
the end of the season (table 9), The seasonal Kc value

for clover was found to be 0,.71.

3.44 Thereis a shoirt berscem crop also called Egyptian
clover (Trifelium alexandrinum) cx iemporary berseem. Two
local varieties of clover are usually used as a temporary

crop. The first is the Fahel variety, which provides only

one cutting or clipping, The second is the Miskawi variety

which can provide either one or two cuttings, The variety
that is planted and the number of cuttings depend upcn
individual farm opecrations. The conswuaptive use values
can be taken as the same as permanent clover according
tc the length of time the short berseem is lelt staﬁdin;

in the f{ield, .

lorse beans

.3 .45 .%he bean crop is one of the main protein crops ‘in
Egypt. As a winter crop it is usually planted in November
and harvested after 5 or 5.5 mcnths, It is grown through-

out the couniry with two-thirds of the planted area in

Middle and Upper Egypt and one third in Lewer Egypt., Aver-

age production per feddon is about one ton (Ei-Tobgy i976).

using Blaney-Criddle formula re-

3.6 Eid et =2.(1 )
ported that the consumptive use by horse beans was 13.61,

13,59 and 15,05 inches for Lower, Middle and Upper Egypt

respectively.
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TABLE 10
. Consumptive Use for liorse beans (cm)
\

Regions Now, Dec. Jan, Feb ., Mar., Apr., Scasonal
LOWER EGYPT o L
Monthly rates 1.27 h 07 4,87 6,92 9,02 k.31 10,48
Daily rates 0.13 0,13 0,16 0,25 0,29 0.22 0.20
MIDDLE EGYPT
Hﬂﬂthly rateas J.'&o 5.92 6.!13 ?020 11091'- 2-’*3 3? oj'll
Daily ratos 0.17 0,19 0.21 0,26 0.38 0,24 0.25
UPPER_EGYPT
Meathly rates 5.76 7 .29 7.38 10.,7C 12,37 43 .50
Daily rates 0,19 0,254 0,24 0,38 0,40 0,29
Averago Kc 0.48 0,72 0.77 0.80 0,73 0,39 0.65
Note 1 1 Planting and Hﬁrveating dates are as follows !

Upper Egypt ‘Middle Egypt Lower Egypt
Planting Harvesting Planting Harvesting Planting Harvesting
Nov, 1 Mar 31 Nov; 10 April 10 Nov, 20 April 20

Note 2 : Number of irrigations : 5

P TR T | ) o Al ol db
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Number of irrigations

Fote 2 3

Ll Gibali et wi- (1968) found that the consumptive use of
horse bLeans at Mallawi (Middle Egypt) was 2013 m3 per
feddan and thot seven irrigations were founa tc be the
most suitable number, They alsc found that the highest
yield was obtained at 20 days interval between irrigations

at Mallawi, and 15-20 days at Matlaana in Upper Egypt.

1 3.47 1t was found by Tawadros ¢t 21-(1969,71) that the

seasonci consumptive use values for horse beans ranged from

Lo iy

35.36 to 38.83 cms at Sids, Middle Egypt. It was reported
3 by the authors that the irrigation water recuirements of

horse beans were 1898, 1308 and 1200 mj/feddan for 15, 30,

45 davs intervals, Their water use efficiency experimentis
indicated that one arcdab of horse heans was produced by

189,223, and 273 m-

intervals. They reported, also, that for most effective

from short, medium and long aprlication

application of water, hcrse beans should be irrigated at
freguent intérvals (50%-60% soil moisture depleticn} with.
low application rates (250 m3/feddan per application)a 2
Badawi (21970) indicated that seasonal consumptive use fq{;
horse bezns,at El-Gimmeza, was 14,9 inches, '
3.48. The data prescnted in table 10 indicate that evapo-
transpirntion rates from horse beéans were found toc be 30.47,
57,34 and 43,.39. cms respectively for Lower, Middle and
Upper Egypt, The crop coefficient values were o . h8, 0,72,
o.77, 0.80, 0.73 and 0,39 for the months frem November
through Apyil, recspectively, The seasonal Kc value for

horse beans was 0,65,

Regicnal X _ Values

3.49 Average Kc valuaz for Exvpt for each crop have been
given in the preceding discussion, Kc Values have also been
computed on & regional basis, that is, for Upper, Middle, and

Lower Egynt., These regional values are presented.in table 11,
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TADLE 11
Regionnl Kc Values
(Computed accordiag to Medifiasd Penman

]

Crap done Jan Fel © Har Apr Mey June Jul Aug Sep Oct Now Dee Sencoral

LOWER 046 0.35 0,59 Q.71 [ L c,.50 0,34 N,k
Cotton  MIDDLE . 0 41 o.48 p_ﬁ; o.78 0,92 0,48 0,40 0,59
UPPER 0,52 0,513 0,52 0,67 0,83 0.3 0.508
Summer LOWER [+ T ] 0.61 0.9h 0,90 0,52 0.75
Corn MIDDLE 0,41 0.61 0.95 0,76 0 .46 0.70
UPFER . o0 h2 0.55 0.83 0 .60 0.4 0.62
Nii LOWER 0,58 o0.09 1,16 0,89 0.30 050
Corn MIDDLE 0,53 0, 7% 0,96 0,05 0.72 .78
UPPER o.46 0,62 0,81 0,70 0,50 067

X

Sorghur  UEPER 0.51 0,68 0.84. o0.55 0.65 3
Wheat LOWER 0,70 0,70 0,80 0,66 0 k2 0,40 0,72 0,0k
MIEDLE ©.82 0,85 0.91 0,60 c.h3 0.51 0.79 0,75
urPER 0,70 0,71 0,70 0.49 " o.ho 0.65 0,62
Clover. | LOVER 0.85 o0 Bo 0.78 0,89 0,56 0.5h 0,82 o,
'MIDDLE 0,77 0.91 0,89 0,82 0,54 0.5 0,85 0,76
W ' UPPER 0,61 0.70 0,76 0,71 0 4o o.h) 0.61 0.61
llorsc LOWER 0,78 0.88 0.75 0. k1 047 c.67 .66
beans MIDDLE 0,85 0,79 0,82 0,38 0.5% o, 0.6y
UPPER 0,68 0,75 0,63 L 0y 0,68 0,53

Sugar MIDDLE 0_.6H1 0,76 0,70 0,64 0,71 0,73 o, B6 1.06 1,14 1,10 1.25 1,02 o, 07
G 0 s P H o [! O .
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SUMMARY

This repcrt was prrepared to conselidate experimen-
tal information on the rate of water use for some of
the major field crops being raised in the Nile Delta,
Middie Egypt and Upper Egypt. Experimental Data on
evapotranspiration rates has been collected, revised,

and summarised for each region,

Using Eto values calculated according to the
modified Penman formula, and actual consumptive use
values, crop coefficients have been computed for
cotton, corn, sorghum, sugar cane, wheat, clover and

horse beans,
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CHAPTER 1

Introduction

1.01 The most important factor in computing irrigation
water requirements is the amount of water consumed by
plants, and usually referred to as crop ccnsumptive use
or evapotranspiration, Crop consumptive use is a func-
tion of climatic factors, soil characteristics, water

supply and kind of vegetation,

1.02 The data presented in this report summarize most

of the experimental work that had been carried out in
Egypt to compute consumptive use wvalues for major field
crops at diffecrent stages of plant growth,., For this re-
port, the country was divided into three main regions
namely, Lower, Middle and Upper Egypt. Crop coefficients '
at different stages and for different regions were com-
puted using actual consumptive use and Eto according to
the modified Penman formula, recommended by FAQO experts
in 1970 (Irrigation paper N° 24),

1,03 It is hoped that this report will make it possible
to estimate actual evapotranspiration for various cfops.
However, those who use the report for that purpose should
be cautious of the limitations of the experimental methods
used and the different conditicns facing the many invest-
gators such as, climatic conditicns, soil characteristics,
date of plénting. crop varieties, previous crops, soil

fertility aird types of fertilizers used, plant density and

population , . weed and pest control,
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CHAPTER 2

Methodology

Crop Consumptive Use Values

2,01 Crop consumptive use was computed as the differencs
in soil moisture content in the soil samples taken before
and after irrigation, Moisture content in the soil samples
was determined gravimetrically and calculated on an oven-
dry basis, Transformation to water depths was done with
the aid of bulk density and thickness of soil layer,
Average daily consumptive use was obtained by dividing

the amount of moisture consumed between two successive
irrigations by the number of days elapsed in that interval,
The above mentioned technique was used for the determina-
ticn of actual evapotranspiration rates for all major crops

except rice,

2,02 For rice, a simple drum culture technigus was used
for the assessment of consumptive use and percolation
losses, (Dastaﬁe et al,, 1966), Each container (drum),
with 40 gallons capacity and 100 cm; height, was installed
with 20-25 cm. protruding above the soil level in a rice
field, Water levels were recorded daily, Difference bet-
ween two consecutive readings gives the values of actual

consumptive use by rice,

Crop Ceoefficients

2,03 Cfop coefficient values were calculated for each

crop in the different regions, as follows 3

SN PP ¥ T PN R
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'S -
K = UTC/ETO

where: - Kc is the crop coefficient

ET
e

actual consumptive use values
ETO : potential evapotranspiration

The regional Kc values for selected crops for Lower, Middle
and Upper Egypt are reported in table 11, In tables 3 to
10 inclusive, average Kc values for the whole country have

been given.

The values of ETB were calculated according to the
modificd Penman formula (FAO Irrigation paper N° 24},
using climatic data given in table 1, Figures were obtained
from Meteorological Normals of Egypt, published in 1960,
and Rijtema et al, (1975) . Three stations, namely'El—L
Mansoura, Sakha and El-Gimmeza, were used to represent
Lower Egypt, Middle Egypt was represented by Giza, Beni-
Suef, El-Menya -and Mallawi stations, Assuit, Shandweel_ahd
KOijmbo were coqsidered representative of Upper Egypt.
Table 2 shows values of ETO calculated bf modified Perman
formula for the previously mentioned stations, It should
be noted that the climatclogical stations used are in the
irrigated areasg.Non-representative stations at airports

or in desert areas were not used,
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CHAPTER 3

Discussion and Conclusion

3.01 In this chapter, each of the seven majcr crops
has been discussed separately, For each crop there is
brief discussion of the data available, and a generzl
review of experimental results, The consumptive use and
crop coefficients fcr each crop bave been calculated and

Presented in tabular form,

3.02 The sequence of presentation was .determined by

the growing scason, that is :
(A) Summer Crops :

i. Cotton 2. Rice 3. Corn

L, Sorghum 5« Sugar cane,
(B) Winter Crops :

1, Wheat 2, Clover 3. Horse beans

3.03 The consumptive use values reported are concerned

with tlhe highest yields under experimental conditions,

" Cotton

3.04 Cotion is the main cash crep in Egypt. It is grown
fer its fiber and oil, It is also the leading export

crop of the country,

3.05 The average consumptive use for cotten was 2680,
3%11 and 4390 0o per feddan for Lowe:", Middle and Upger
Egypt respectively, in addition to the water added for
seed germination {(Khalil et al-1962), Mahmoud (196%) 3in

Upper Egypt, reported that the average daily rates of

e s i L
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TADLE 1

Climatoldégical:Data for-Upper, Middle and Lower Egvpt

ETE:Z:t Jan, Feb , Mar, Apr, May June July Aug , Sopt, Oct, Nav , Dec,
i Mean tempe-
[ rature °*C 12,37 12,977 15.33 18,50 22,4 25,43 26,43 26,27 24,63 22,23 18,93 14,60
i " E' Relutive ‘
| § humidity % , 75,33 71,67 69.00 62,00 57.33 60,33 67.67 69,66 69,67 69,67 73.33 74.67
| b
! E Cloudness
! 3 | (oktas) 2,80 2,77 2,37 1,77 1,60 0,73 0,67 1,00 1,07 1,67 2.40 2,87
3 |
] Wind velocity A
; (m/sec) 1,54 1.78 1,79 1.69 1.59 1,50 1,26 1.10 1.08 1.11 1.26 1,46
|
Mean tempe-
- ratuer °C 12,30 13,78 16,73 20.93 24,85 27,05 27.75 27.60 25,50 23,15 18.63 14,23
En-:s
~ | Nelative
- @ | humicity % 64,75 59.50 52,75 45,50 41,25 45,50 51.75 56,25 59,50 60,25 65,00 67.50
| '-‘Ei
e él Cloudness
h S| (oktas) 2.0 2,10 1,83 1,63 1,58 o0,k0 o000 048 0,55 1,00 1.73 2.53
LI' x
Wind wvelocity :
(m/sec) 1.36 1,44 1.65 1,85 2,12 2,09 1,58 1.4k 1.77 1.65 1.32 1,71
Mean tempe- ;
rature °C 14,33 16,40 19,40 24,30 28,23 30,23 30,27 30,67 28,30 25.53 20.67 16,17
: E Nelative
: - humidity % 51.33 44,33 35.33 27.33 2h,33 27.67 34.33 35.67 39.67 45,67 49,67 53,67
[}
i Ll
;! = |Cloudness
: E,(nktns] 1.07 1,17 1,00 0,90 1,10 0,13 0,13 0,13 0,13 0,37 0,77 1.40
i =] i -

! Wind velotity )
(m/soc) 1,68 2,19 2,05 2,04 2,20 2,29 1,92 1,92 2,20 1,70 1,66 1,52
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TABLE 2
o
Reference: Crop Evapotmanspiration [Eto] for Different Regions
of Efypt as Calculated by Modified Penman (mm/day)

Region Jan. Feb, Mar. Apr. May June Jaly  Aug, Sept, Oct. Nov., Doc,
& =-Mansora 2,25 3.37 445 5.85 7,06 7.69 7.00 6.1 5.33 4,28 2,99 2.5
g Snkha 2,0k 2,57 3.78 5,00 6,31 6,90 6.50 5.97 5,09 3,31 2,63 1.86
g Gimmeza 1.75 248 3,46 5.04 - 6.77 7.05 6.83 5.76 4.1 J.95 2,51 1,48
. \ . Average 2.00 2.8t 3,90 5,30 6,71 7.21 6,78 5.95 5,08 4,01 2,71 1,96
v Giza .33 3.16 463 6,08 7,h9 B.4B 7.87 6.89 5.02 468 2.88 2,92
% Beni-Suaf 2,55 3.2 h.76 6,69 7.49 816 7.04 721 6,00 5.30 340 2,52
; El-Menya 2.2 3,20 4.5B 6.19 7,19 7.90 7.68 7.00 5.97 .79  3.22 2,32
E Mellawi 2,50 3.31 4,81 6,78 9,03 8,74 7,19 6.47 6.26 4,41 3,03 2,24
- Averaga 2,h5 3,27 4,69 6,43 7,80 8.32 7.6 6,91 6,25 h .81 3.15 2.25
»
Amnuit 3.31 475 6,49 B0 10,12 11,00 9.90 9,54 B.67 6.39 ho7d 3.7
-’ E Shandaweel 3.2 565 5.89 7,63 9,14 9,62 8,56 B.23 7,45 5,00 3,89  3.16
8| Kom-ombo - 372 493 6.5 7.65 B.31 9.4 8.72 8.63 7.70 6.33 4.77 5277 :
g Avorage 349 5.1 6,31 7.89 9,19 9,92 9,06 8,80 7.9h 5,92 447 3.4
=




6.31 7.89 9,19 9,92 9,06 8,80 7.9% 5.92 4 47

5.11

3.49
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conszumptive usec were 0,35, 0,33, 0.48, 0,64, 0,78,

0,63 and 0,37 cm., for the months from March to September
respectively. Talha (1966) at Giza, mentioned that the
consumptive use of cotton ranged from 102,38 to 134,24 cms.,
He added that the daily rates ranged from 0,49 to 0,64 cms,

3,06 It had been found by Khafagi et al .(1968) that the
water consumptive use values were 71.61, 73.50 and 80,54 cms
for Lower | Middle and Uppér Egypt respectively, Chau-
dhry (19069) at Giza reported that the mean consusiptive

use values wers 5580, 4080, 3591 and 2950 m>/feddan res-
pectively for the 8, 15, 22 and 29 day .intervals, The
average daily rates were found to be 0,76, 0,56, 0,47 and
0.41 cms for the four irrvigation intervals in the same
order, Badawi (1970) found in Gemmeiza that the average
seasonal consumptive use was 59.35 cms for Giza 67 cottion
variety, . For the same variety, Mahrous (1971) at Northern
Delta, obtained highest vields when 3000 mB/feddan were usede
El-Serougylﬁi_§l¢(19?3} found in Bahtecem (Southern Delta)
that seasonal consumptive use by cottiton reached 72 .88 zrnd

71.51 cms<for 1969 and 1970 secasons respectively,

3,07 Kenawi (1975) pointed cut that the consumpiive use
‘for cotton reached 3400, 3900 and 4700 m3/feddan for Lower,
Middle and Upper Egypt, respectively.-Mahrous (1977) found
that the consumptive use was 61,22 cms, at Northern Delta,.
Omar et al,(1978), mentioned that potential evapotranspi-
ration reached its maximum in June, and July (€,67 and 6.61
mm/day) ., El-Gibali and Badawi (1978) ca’culating the con-
sumptive use in Egypt using the Blaney-Criddie formula

found that the values for cotton were 69,7, 71.6 and 73.1 cms

respectively for Lower, Middle and Uppe:* Egypt.
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TABLE 3

Consumptive Use for Cotton (em)

Regions Mar . Apr . May June July Aug, Sept., Seasonal
LOWER EGYPT : o
Monthly rates 2,69 5,52 12,31 15,36 17 .73 9,21 5 .28 67 .10
| Daily rates 0,18 0.18 0.40 0,51 0,57 0,30 0.17 0.35

MIDDLE EGYPT

Monthly rates 3.0k ‘9,30 15.81 19,50 21,79 10,23 4,95 34 62

Daily rates - 0.19 0.31 0.51 0,65 0,70 0.33 0.25 0.45

UPPER EGYPT

Monthly rates 10,26 12 .45 14,78 19.92 23.25 11,78 _ 92 4N
Daily rates 0.33 0.h2 0,18 0.66 0..75 0,38 _ 0,50
Average Kc 0.46 0.45 0.59 0.72 o0.86 0.47 Q.37 0,56

Note 1 Planting and Harvesting dates are ns follows ¢

Lower Egynt Middle Egypt Upper Egypt
*Planting Harvesting Planting llarvesting Planting Harvesting
March 16  Sept, 25 " Mareh 15 Sept, 20 March 1 Auz, 3

Number of irrigations : 9 to 11,

P R T (T A i e e e i i et ik = digodedi




E (9)

3,08 The consuvmptive use values found for producing

e L ol f g et L L

highest cotton yields in Lower, Middle and Upper Egypt
are summarized in table 3, It can be noticed that the
seasonal consumptive use values for Lower, Middle and
Upper Egypt respectively,are 67,09, 84 .64 and 92,44 cms.
The average daily rates for the whole season were found
to be 0,35, 0.45 and 0,50 cms for the same regions,., The
pcak water useoccurs during June and July, The crop co-
efficients(Kc) for cotton was found to be 0,46, 0,45,
0.59, 0,72, 0,86, 0,47 and 0,37 for the months from March

to September, with an average seasonal value of 0,56,

Rice

3.09 Rice is unique among the cereal crops in being

able to thrive in water,

3.10 It has been reported by El-Tobgy (1976) that after
cotton, rice is second in importance as an expert crop

and it also follows winter crops in the rotation, He

9 to 11,

pointed out too that to conserve land and water, trans-

.
.

planting is the most common method of planting rice fields,
4 Nurseries are planted in late May and the young plants

' 'are transplanted & month later in June, One feddan of
nursery usually is sufficient to supply the plants nceded

for 6 to 8 feddans of rice, Because it requires & special

irrigation regime, the main rice area is restricted to
the northern part of the Delta where a special irrigation

rotation of 4 days on, and & days off in the irrigation

Number of irrigations

canils is provided by the Ministry of Irrigation,

-

Note
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g P K, | Willcocks (1913) and Olivier (1664) estimated

the water recuiremcnts of rice as 163 cms. Xhafagi et al -
(1968) calculating the seasonal water use by rice, it

was found that it ranged from i03 to 110 cms., El-Gibali
and Mahrous (197C) found that secasonal consumptive use

by rice was 107 cms in the transpianting method while

it reached 149 ems in the broadcast method of planting,
El-Refai (1974) found that the yield of rice increased
with increasing water applications up to 8C00 m3ffeddan.
while increasing the volume applied beyond that has
insignificantly lowered the yields, El1-Gibali and Badawi
(1978) using the Olivier formula for computing water
consumptive use values for rice, found that it was 104 cms

for Lower Egypt and 109 cms for Middle Egypt.

3.12 Actual evapotranspiration for Giza 170 rice was
studied by El-Refai (1974) at Gemmeiza, for three succes-

sive years (1968, 69,70) using a tank experiment, The

. tank was placed adjacent to the rice field in order to

be surrounded by a buffer area of paddy. Water level in
the tank was maintained at 10 cm depth above the soil
surface, Depth of water in the tank was measured daily

to determine water loss and it was added when needed to

- maintain the decsired level, Seedlings were transplanted

from the nursery beds into the tank after 35 days from

seeding,

3.13 + was found that the average daily water use by
rice was low after transplanting, then, it reached a
maximwna through August and September, The lowest consump-
tion occured during October owing to maturation (tzable 4&).

Daily rates were 0,99, 1,12, 1,13 and 0,68 cms for July,

s o o o
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August, September and October respectively with a daily
average value of 1,03 cm:., The use of modified Penman in
estimating crep water use by rice gives very high crcp
cocefficients due to the aquatic enviromment of rice cul-
ture, Thus, it is advisable to take the actual figures
presented in table 4 for the Delta region in calculating

rice water requircments,

TABLE 4

Consumptive Use for Rice (cm.)

Lower Egypt

Region June July Aug, Sept, OQct.’ Se§sonal
Monthly rates  _ 2/ 30,69 34.72 33.90 8.84 108.15
/
iadis - -t

Daily rates = 0.99 1,12 1,12 0,68 1.03

Note 1/ Irrigation water exceeds for rice nurseries could
be based on values found by El-Madany (1970). He repo}-ed
that the water reguirement at the nursery is about 30 mj,
per feddan .per day which corresponds to 900 +o 1200 m3/fed.
for a 30 to 40 day persiod, plus 420 m3 per feddan fer ini-
tial flooding. The total will be 1320 to 1620 m?/feddan
according to the scil conditions. It should be noted that
one feddan of nursery is sufficient to provide transplant-
ing for 6 to 8 feddans.

(s
Note 2/ Number of irrigations : Tlooding every four days.

Corn

3,14 Corn (or maize) is an important cereal for human

and animal consumption in rural areas, It outranks both

wheat and rice in area and cash value, (El-Tobgy 1$76).
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Of the total area planted with maize, 75%., 20%, and
cnly 5% airc in Lower LEgvpi, Middle Egypt, and Upper
Egypt respectively.ile also pointed out that for the five
years 1970-74, summer maize covered 73% of the total

maize area the balance being nili maize,

3 .15 Using the Blaney-Criddle formula, Eid et al. (1956¢€)
calculated the consumptive use values for the su;;;r and
nili imaize. These values were fcund to be 22,94, 23,85,
and 25.51 inches respectively for the Delta, Middle Egvpt,
ancd Upper Egypt, Values for the nili crop were found to

be 21,65, 22,57 and 24,19 inches for the same regions,

3.16 Jt was pointed out by Khalil et als (1966) that for
proper watler management, the most suitable intervals are
i5 and 12 days for lLower and Middle Egypt respectively.
At Gixza, these intervals were fcund bty El-Serougy et ale
{1966) to bte 12 and 15 days for the summer and nili

creps respectively, For the same locality, maximum evapo-
transpiration values were found to be 8,0 and 7.6 mm/day
during tasseling and silking stages for early and late
p%anting'respegtively (Rijtema & Abou Khaled (1975} . Fer
Sids Middle Egypt total water use of 738 mm and a peak
rate of ¢ mm/day at the flowering stage was reported by

Tawadros et al. (1969).

e B G EL-Gibali and Badawi (1978) computed the evapotrans-
piration rates for the early corn crop at 45.8, 4?.9‘and
50,0 cms for Lecwer, Middle and Upper Egypt respectively,
The corresponding values fcr the late crop were 41,1, 51 b

and 44 .3 cms for the same regions,
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TABLE 5

Consumptive Use for Corn (cm)

Nili Crop

| i Daily rates

Zone & Rates May June . July Aug, Sept, Seasonal July Aug, Sept, Oct, Nov, Stasoanal
' total(em) total(em)
LOWER EGYPT
Monthly rates 4,79 13,30 20,08. 16,51 3,18 57.86 5.90 16,37 17.64 11,05 2.59 53.55
Daily rates 0,32 0,44 0,65 0,53 0,27 0,49 0,39 0,53 0,59 0,36 0.22 0,45
MIDDLE_EGYPT
Monthly rates 4,85 15.2% 22,41 16,21 3,48 62,19 6,02 15,84 17,91 12,62 2.72 55,11
1 _ Daily rates 0,32 0,51 0,72 0,52 0,29 0,52 . 0,40 0,51 0,60 0,41 0,23 0,46
UPPER_EGYPT
Monthly rates 5.75 16 .k 23,77 17,47 3.28 66,71 6.29 16,88 19,40 13,63 2,67 58,87
0,38 0,55 0.77 0,56 0;2? 0,56 0. 42 0,54 0,65 0.44 o0 22 0.49
Average K_ 041 0,59 0,92 0,76 0kk- 0,68 0,49 0,75 0,98 0,835 0,67 0,77

Summer crop

Nili crop

Planting (all regions)

May 15

July 15

Note 2 : Number of irrigntions 1 7 to 9,

i Note 1 : Planting and Harvesting dates are as follows :

Harvesting (all regions)

Sept, 12

Nov, 12
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3.18 Evapotranspiration rates for summer and nili crops
are presented in table 5, The scasonal values for the
surimer crop were found to be 57,80, 62,19 and 66,71 cnms
for Lower, Middle and Upper Egvpt respectively, The
corresponding values for the nili crop were 53.55, 55.11
and 58,87 cms for the same rezions, Seasonal Kc values

were 0,68 and 0,77 for summer and nili crops respectively,

Sorghum

3.19 It has been reported by El-Tobgy (1976) that sorgzhum
is the fourth important cerecal crop in Egypt in both area
and value after meize, wheat, and rice;-This crop is
usually grown as a sumﬁer crop., It is planted in mid-
MNarch te mid-May and harvested after four months from
planting, Only about 6% of its area is growvn as a nili
crop in Middle Egypt, Upper Egypt accounts for 80% and
Middle Egypt for 2050 of the sorghum area., In the southern-
most rezloa of the country, sorghum replaces maize as the
main cereal for human and animal consumption in rural
areas,

-

3.20 Little work has been carried out in Egypt concern-
ing the response of sorghum to soil moisture conditions.
Erie et-al- {1965) found that grain sorghum consumed 24.5
inches of water at Mesa, Arizona, Jensen and Sletten (1965)
indicated that evapotranspiration rates ranges from C,1
inch/day -at the beginning of the season,; to 0.3 1nch/dav
through August,

3.21 Eid ot al. {1966) found that the consumptive use
for the sumiier crop was 24,78 and 26 .64 inches for Middle

oy

and Upper =Zgypt respectiveivr ., The corresponding values for
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the nili crop were 2:1.16 and 22,76 inches, Robins et al-

(1967) stated that tihe depression of sorghum grain vield

i

' will be negligible if ro more than 55-65% ¢r the avail-

; 7 5 %
able= water is depleted, They added that at maturity upn
to 7C% or 80 can be safely used, It has been reported by

Dastane (1970) that during summer, irrigaticen of sorglhum

rr

Lo a vl gl b g bRy

at 50/ deplzotion of available soil moisture in the top

: 30 em layer gave the highest yield,and the corresponding
censumptive use was 550-575 mm water in 9-10 irrigations.
g 3 22 El-Giteali.and Badawi (1978) found ihat the consump-
tive use for sorghum crop in Upper Lgypt'was estimated

at 44,0 cm and 37.1 cm for early and late summer crops,

4 respectively, The corresponding values were 42,2 and 3L

€ -

|
3 cm for Middle Egypt
3:23 Table 6 illustrates evapotranspiration rates for
I v

- 3
. sorghum in Upper Egypt., As shown in the table, the sea-

" sonal consumption is 65,55 cm., The daily rates areIG;Sl,

0.62, 0,74 and 0.4% cm for the months starting from June

to September with an average value of 0,58 cm. Crop coeflfi-

cients (Kc-values) were found to be 0,51, 0.68, 0,84 angé

ETRE rre e

| r 0.55 for June, July, August and September raespectively

| tive use occured in August,

; "and the seascnal value was 0.65, The peak monthly censum-
I

A g

=~ Veclume of water reguired ito raise soil moisture cernient

from wilting point to field capzcity,
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TABLE 6

Tor Grain

Serghuw: {cm,)

COPL AT Py e

et e gy

Zone Rates June July Avz, Sept, Seasonal
Upper Lgypt Monthly 10,20 19,22 22.94% 13,20 65,56
Daily 0.5t 0,62 0,74 0.44 0.39
K. 0.51 0.68 0.84 0.55 0,65

Note 1 : Flanting and harvesting cdates are as follows @

Planting Harvesting
: June 10 Sept 30
R -

Note 2 ¢ Namber of irrigations 7 to o,

el » . .
3 el Sugar cane is the main source of sugar in Egyvpt,
It cccupies abcut 20% of the total cronped area in Upper -

o
Egypt, Sugar cane is a scil exhausting crop and,. thercfcere,

ion and fertilization arc important requisites for
d;ctnan The effectiveness of fertilizer appl-cd— i

ticn in sugar cane fields depends upon soil moisture avail-

3.25 It was reporied by El-Tobgy (i1970) that sugar cene
is a well ecztablished and majeor industrial crop in Egypt
and it is the main field crop in Qenz and Aswan Govermo-
rates. It is also grown in Middle Egypt and is expanding

in Sohag and Assuit in Upper Egypt. Sugar cane is usually

plan:ced in January and February and it is recommended ihat

+

the Tirst y=zar crop be followed by only two successive

rztoons, Also, he pointed cul that zutwmn-planted cane



coulid be inilerplanted cdusring the first yoar wiih broad

beang or clevesr,

3..86 Earlier studies in Upper Egypt shcwed thai water

oo j requirements of sugar cane were 91.6 inches for a growing
1 season from March till November (Willcocks, 1913), Oliver
(1961) showed that cane plant requires about 87 inches,
At Kom Oubo (Upper Ezypt), El-Gibali (196¢) found that
the best water requirement is equal to 500-6C0 57 e AT
per irrigation, and added that the total requirements
reached 12258-14828 m3/feddan.

My [ i o

3.27 Seasonal consumptuve use values for first.year

cane in Upper Egypt were found to be 75.8, 64,5, 5£.9

and 57.8 inches respectively for 10-15, 15-20, 20-25 and

25-30 days irrigation intervals, The values for ithe Tirst

7 m“m_- g il L e

ratoon were found to be 83.3,66.9, 57.8 and 51.7 inches
in the same orcder (El1-Gibali et al, 1970). At Mecllawi

{(Middle Egypt), El-Gibali et al ,{1970) indicated that the

“Cy actual consumptive use by sugar cane was about 117 cm.'-lhe

. authors also found that the estimated value according tc the
- : Blaney __hpriddle formula with a variable (X2 coefficieﬁt
Ll for each stage of growth, was the nearest value to actual

| evapbtrapspiratiaﬁ. At Assuit, the seasonal consumptive

¥ use by sugar cane averaged 179.9 cms and 181.4 cms for

V]

the first and second tatoons respectively (Mahmoud 1965),

3,28 Recent studies by Abdecl-Rascol et 2l,(1575) showec
that evapotrahspiration rates by first-year cane were
¥ ; 244 .5, 207.3 and 175.Lk (ms for wet, medium and dry soil’

at 4 moisture levels, respeceiively. The corresponding values

for the first ratcon were 263.%, 226,7 and 185.8 cms;




and for the second ratoon they were 255,86, 183.1 and

139.5 cms in the same order, EXL-Gibiali Eﬁ_ﬂih(1978) con-
ciuded that irrigating sugar cane at different intervals
resulted in a high yield of either the spring or autumn
crop. They added that water requirements were found to be
11157, 125%1 and 12107 mj/feddun respectively for planted

cane, first and second raloons respectively,

3.29 1t was pointed out by Doorenbos‘gi 353{19?9) that
adequate avzilable nmcisture throuzhout the grcwing period
is impertant for obtaining maximum yields since vegetative
growth, including cane growth, is directI?-proportional

to the water transpired, They reported also that depend-
ing cn climate, water requirements (Eih) of sugar cane
averagzed from 15C0 to 2550 mn and should be evenly distri-
butce over ithe growing season, They found alsc that the
crop coefficients (Kg values relating E%n to reference
cevapotrancpiration (Eto) for the diffzrent stages of
grewth range between? 40 and 1.30 depending on the stage

ol development,

—

3.30 Tawadros et 21,{1979) found at Mallawi that con-

sumptive use of cane was 17,2 cms, when irrigation was

practiced after the depletion of #40% of availzble soil
moisture, They added that the peak monthly use occurred
dguring September for planted cane and August fer the ra-
ioons, The authors also reported that for maximizing crop
vields per unit wvclume of water, irrigation shoulcd be
applied when 40% to 60% of the available water is still
reraining in the soil profile for first-year and ratoon

cane,

e A




TADLE 7

Conaumpiive Use for Sugar Cane(em)

Middle Egypt.
Planting Harvesting .
Feb, 1 Jan, 31

Number of irrigations 24 tn:aﬂ

Upper Egypt
Planting Harvesting
Feb._i : Jan, 31

Regions  TFeb, Mar, Apr, ' May June July Aug, Sept, Oct, Nov, Dec, Joan, Stasonal
MIDULE_pever o
tionthly  7.00 10,20 12,30 17,05 18,30 20,46 22,63 21,30 16.43 12.90 7.4k 4,65 -170,66
rates ’

Daily 0,25 0.33 0,41 0,55 0,61 0,66 0,73 0,71 0.53 0,43 o0.24 0,15 0.47
rates . .
iIIPPER_EGYPT
Monthly
rates 8 .40 9.92 13,65 24,18 26,22 30,41 29,64 24,99 20,12 13,8 9,30 6,20 216 .89
Daily
rates 0.30 0,32 0,4 0,78 o0.87 o0.98 0,96 0,83 0.65 0,46 0,30 0,20 0.59
K_ aver, 0,68 c.61 0,61 0,78 0.81 0,97 1.07 1,09 1,10 1.20 0.95 0.59 0.87
HNote 1 : Planting and llarvesting dates are as follows



-

3.31 The data preseniled in talle 7 indicate thai i1he
scasonal censumptive use for sugar cane was 170,60S and
216,869 cms respectively for dMiddle and Upper Egypt. The
peak values occur during June through September in bLoth
regions, The average daily rates were found te be 0,47
and C,59 cms, for thc two regions respectively, The

-

found %to be 0_.87.

average seasonal crop coefficient for sugar cane was

Wheat

3.32 Wheat is the main cereal crop beipng raised during
winter in Egypt, Proper irrigation of wheat is important
tec achieve high yields; and especially in view of the
beavy fertilization programme being implemented to maximiz

crop productiorn,

3.33 It was reported by Ei-Tobgy (1976) that wheat is
cne of the five most important field crops with respect
to value and to area and one cof the three important ce- .

reals : maize, wheat, and rice, It is the main winter

cercal ¢rop and is widely distributed all over the country,

I1 is usually planted in November and harvested in Mayv,

-He also rceporied that 60% of the wheat area is in Lower

o,

Ezypt and 40C% in Middle and Upper Egypt.

4 Eid et 21. (1666) calculsted the consumptive use
e and Upper Egypt regions and the values
2 fonund to be 21.2, 22,.C and 23,7 inches respectiv 13.
at Middle Delta (El-3imscza) found that ile

nsumntive uvse was 39,52 cms.

-
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