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ABSTRACT

Water management has become a crucial issue particularly in arid and semi
arid zones that are characterized by scarce, or limited, water resources. Egypt is no
exception from other countries that lie in these zones. Unless strict measures are
taken to maintain sustainability of irrigation, we will face a water problem in the near
future. It is therefore deemed necessary that Egypt find out ways, and technigues to
develop, control, manage, and use their water resources more efficiently in order to
meet the growing demand for water.

Two field experiments were carried out during summer seasons of 2002 and
2003 to study the effect of irrigation in two directions and cut back stream on maize
yield and water saving at El Karada water requirement, Research station, Kafer El
Sheik Governorate, Water Management and Irrigation Systems Research Institute,
National Water Research. The treatments of irrigation in two-direction and cut back
stream when water reached the end and 90% of the furrow was the best individual or
combination treatments for obtaining maximum grain yield results indicated that
- water could be saved as an average of 268.64 m’ffed (9.66%), 567.45 m’/fed,

{20.54 %) and 778. mffed. (28.18%) with applying irrigation water under cut back
stream when water reached the 90%, 80% and 70% of the furrcw length
respectively.

- The water consumptive use increased as the applied irrigation water increased.

- Irrigation application efficiency and water utilization were the highest using irrigation
in two directions and cut back stream when water reached 70% of the furrow length,
while the highest crop water use efficiency was found with cut back stream when
water reached 80% of the furrow length.

- The maximum values of total income, tatal return, water productivity and economic
efficiency obtained from plants grown under irrigation in two directions with cut back
stream when water reached 90% of the furrow length.

Results help to suggest that using cut back stream when water reached 20
% of the furrow Iength can save water irfigation with amount of (268.64 mfed.)
15.513960 miliion m*/area (57750 feddan) under Kafer El sheikh conditions. These
quantities of saving water enough to cultivate area of about 5601.97 feddans under
kafer el shiekh conditions

INTRODUCTION

Water management has become a crucial issue particularly in arid
and semi arid Zones that are characterized by scarce or limited, water
resources. Egypt is no exception from other countries that lie in these zones.
Unless strict measures are taken to maintain sustainability of irrigated lands
lands in the near future. it is therefore deemad nacessary that Egypt find out
ways., and techniques to develop, control, manage, and use their water
resaurces more efficiently in order to meet the growing demand of water.
Bassett and Evans (1983) pointed that the excessive cut back during the
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post-advance phase impairs uniformity at the tail of the field. Abdel- Maksoud
and Khater (1997) studied the effect of alternate furrow irrigation on some soil
water relations and yield for cotton and maize. The discharge average was 6
L 15. They reported that, applying the water to either cotton or maize crops
through the other-row technique tended to reduce the total water applied for
cotton and maize crops comparabie to the traditional irrigation method. El-
Sherbeny et al (1997). revealed that alternate furrow method saved about
22,28% of imigation water. The water application efficiency of alternate
method were higher than traditional method. They added that soil water
movement in lateral directions were higher than in vertica! directions under
altermnate furrow method and vise versa for traditional furrow method. Morsi
(2001) stated that surge-alternative method saved water about 15.45 % and
35.95% per season compared with alternative and continuous methods,
respectively. The aim of this study was to investigate the effect of irrigation in
two directions and cut back stream on productivity of maize, water saving and
water use efficiency.

MATERIALS AND METHODS

Two field experiments were carried out during summer seasons of
2002 and 2003 at El Karda research station, Kafer el Sheik Govemoraie,
water management and irrigation system research institute, National water
research center, Kafer el Sheikh to study the effect of irrigation in two
directions (one and two directions) and cut back stream when water
advanced to distance of 100, 90, 80 and 70 % of the iength of furrows (80m),
or maize yield and waler saving. The experimental design was split-plots with
four replicates figure (1). The irrigation in two directions treatments occupied
main plots and the cut back stream treatments occupied the sub piots. The
Physical and Chemical properlies of the soil were analyzed according to
black (1995} and presented in Tables 1 & 2 respectively. The depth of the
ground water table ranged between 90 and 120 cm during the two
experiments.

Table (1): Some physical properties of the experiment soil

Soil Particle size distribution Soil B.d Fc wp |
depth, Clay Siit "3 % %

em o P Sand% texture glcm wiw wiw
0-20 62.91 215 15.59 Clayey 1.05 445 24.20
20-40 56.90 25.36 17.72 Clayey 119 40.0 21.80
40-80 52.20 26.17 21.63 Clayey 1.25 36.00 18.90

Table {2): Some chemical properties of the experiment soil,

depth, | PH EC, Soluble Cations (Meqg/) Soluble anions (Meg/l)
cm dS/m | ca™ | Mg” | Na’ K' Cl | Coy | Heoy | Sor
0-20 83 20 55 80 | 92 | 075 6.4 - 9.0 5.05
20-40 | 83 210 58 | 530 9.4 0.75 6.9 - 9.0 535
40-60 | 8.3 265 6.3 58 15.5 0.90 12 - 1.0 | 6.10
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Fig.(1): Schematic diagram for methods of irrigation

Maize variety single hybrid 10 was planted in all treatments. on 20
and 25 of May and harvested on 11 and 8 September. of the growing
successive seasons, All the agronomic practices except the irrigation
treatments were carried out as commonly use in growing maize. The
following characters were studied:

1-  grain yield, (Ardab/fed and Kg/fed.)
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2- Amount of irrigation water applied was measured by using a rectangular
sharp crested weir. The discharge was calculated using the following
formula:

Q=CLH*®  (Masoud, 1967)

Where: .

Q: The discharge in cubic meters per second.

L: The length of the crest in meters.

H: The head in meters.

C: An empirical coefficient that must be determined from discharge

measurements,

3- Water consumptive use was calculated according to the following
equation:

Z "=l @2_e

Cus= i=i ———— xB.d =D %4200 m2 {israelsen and Hansen, 1962):
100

Where:

Cu = Amount of water consumptive use, (m*/fed).

©2 = Soil moisture content in percent after irrigation.

©1 = Soil moisture content in percent befere next irmigation.

B.d = Bulk density in g /cm®.

n = number of irrigation.

1 = number of soil layer.

D = Depth of the jayer of the soil. {cm).

4200 = Area of feddan (m?).

4- Water application efficiency: was computed by dividing water stored in
the root zone on the applied irrigation water (Downy, 1970).
Fieid water use efficiency: is the weight of marketable crops produced
per volume unit of applied water expressed as cubic meters of water
(Michael, (1678) .
6- Crop water use efficiency: was computed by dividing the yield (Kg of
grain} on water consumptive use expressed as cubic meters of water
(Abd EI-Rasool et al, 1971).
Potential Evapotranspiration (ETp):

Some meteorological data during the two growing seasons are
presented in Table (3). Metrological data obtained from El Karada
metrological station located at 31'32 longitude.

B-

7-

Table (3): Average temperature co, relative humidity %, wind speed
km/day during 2002 and 2003 seasons.

2002 2003
Months Average Relative | Wind Average Relative | Wind
temperature | humidity | speed | temperature | humidity | speed
c” % kg/day c® % Kkm/day
May 21.9 55.25 79.5 236 69.45 148
June 25,35 63.3 68 261 64.95 157
July 27.70 87.65 51.2 26.15 68.5 135
Aug. 26.95 65.3 52.1 26.8 73.15 94.94
Sep. 26.9 61.40 77 255 68.60 87.76
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It has elevation of about 6 meter above the sea level. It represents conditions
and circumstance of middle northern part of the Nile Delta. These data are
used to get potential evapotranspiration mm/day by many empirical formulas,
1-Modified penman equation:

ETp = c {(W. R, + (1-w). f (u). {ea — ed)} mm/day.

Where:

ETp = Reference crop Evapotranspiration mm/day.

w = Temperature — related weighting factor,

Ra = Net radiation in equivalent evaporation in mm/day.

fuy = Wind - related function

ea = Saturation vapor pressure of the air in (mm bar)

ed = Mean actual vapor pressure of the air in (mm bar)

= ea xRH mean/ 100, in which, RH= relative humidity.

(ea—-ed)= Difference between the saturation vapor pressure at mean
air temperature and the mean aclual vapor pressure of the
air, both in mbar.

c = Adjustment factor to compensate the effect of day and night

weather conditions.
2-Penman - Montieth Method
The form of the penman —Montieth equation for estimating ET,
recommended by the FAO expert consultation held in May 1990 in Rome is
as follows:

0.408A(Rn - G) + yu2(ea - ed) ——20
ET, = Tc+273.15 {FAO, 2000)
A+ y(1+0.34u2)
Where:
ET, = reference Evapotranspiration {grass) (mm/d)
Rn = net radiation at crop surface (mjlmzfd)
G = Soil heat flux (MJ/m?d)
T = average temperature (C°)
U, = wind speed at 2m height (m/s)
€a = saturation vapor pressure (kpa)
€4 = (actual vapor pressure (kpa)
A = slope of the saturation vapor pressure curve at mean air
y = psychometrics constant (KPA/C),

3- Modified Blaney & Criddle equation:

Blaney and Criddle (1950) observed that the amount of water
consumptive used by crop during the growing seasons was closely correlated
with means monthly temperature and day light hours.

ET, = C {p (0.64T + 8)} mm/day

Where;

ET, = Potential evapotranspiration in mm/day.

T = Mean daily temperature in C.

P = Mean daily percentage of total annual day time hours for

given month and Latitude.
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o = Adjustment factor which depends on minimum relative
humidity, sunshine hours and day time wind estimate.

4- Radiation method

ET,=C xWRs.
Where: .
ET, = Reference crop Evapotranspiration in mm/day.
Rs = The solar radiation expressed in equivalent evaporation in m/day.
W = Weighting factor which depends on temperature and altitude.
Cc = Adjustment factor which depends on mean humidity and day time

wind conditions,

5- Pan evaporation method
Reference Evapotranspiration (ET;) can be obtained from the
following Equation:
ET, = Kp. Epan (Mm/day)
Where:
Ko

Pan Coefficient, depends cn type of pan condition of humidity,
wind air speed and pan environmental conditions (=0.75).

Epan = Pan evaporation in mm/day and represents the mean daily value
of the period considered,

6- Crop Coefficient {Kc)

Crop Coefficient defined as the ratic between actual crop
evapotranspiration (ET,) and potential evapotranspiration (ET,) when both
are in a large fields, under optimum growing conditions (FAQ, 1977). In the
experiment the following equation was applied to compute the K¢ values.

Kc = ET./ET,
Where:
Ke = Crop coefficient.
ET, = Actual evapotranspiration,
ETp = Potential evapotranspiration calculated by the five equations
Penman Monteith, Maodified Penman, Modified Blaney & Criddle,
Radiation method, and Pan class A meihod).

7- Return per unit of water:-

in Egypt, water is provided without charge to the fammer but
estimation of return per unit of water can be taken as index to the relation
ship between water applied and the value of crop production (Division of
Agricultural sciences Irrigation costs (1978).

8- Economic efficiency:

Refers to the combinations of inputs that maximize individual or
social objectives. Economic efficiency is defined in terms of two conditions
necessary and sufficient. Necessary condition is met in producticn process
when there is- producing the same amount of product with fewer inputs or
producing more products with the same amount of inputs. But the sufficient
condition for efficiency encompasses individual or social goals and values
(John and Frank,1937).
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RESULTS AND DISCUSSION

1- Effect of irrigation in two directions and cut back stream treatments
on grain production:

Values of grain maize yield as affected by the different treatments are
presented in Table. (4) The statistical analysis of data indicated that the
irrigation in two directions treatments had significant effect on the productivity
of maize yield treatment A; (irrigation in two directions) and achieved the
highest value. On the other hand the cul back stream treatments had highly
significant effect. The highest values of grain yield were recorded from
treatments B, and B; respectively, The interaction between the different
treatments had no significant effect on the productivity of grain maize yieid.

Tabhle {4): Yield of maize as affected by irrigation in two directions and
cut back stream treatments in 2002 and 2003 seasons.

Treatments 2002 2003
Ardab/Fed. Ardab/Fed

Irrigation in two direction
One directions(A,) 19.01 19.35
Two directions{As) 20.25 20.59
Mean 19.63 19.97
F . test * *
L.S.D 4% -
L.S.D 5% 0.79 1.13
Cut back stream.
Irrigation all the furrow {B.) 21.83 22147
Irrigation 90% of the Furrow length (B2) 21.50 21.83
Irrigation 80% of the Furrow length (Ba)- 18.67 19.00
Irrigation 70% of the Furrow length { Ba) 16.52 16.86
Mean 19.63 19.97
F Test ** -
L.8.D 1% 2.59 28
L.S.Ds% 1.39 1.4
Interaction A, x B N.S. N.S

2- Effect of irrigation in two directions and cut back stream treatments
on seasonal irrigation water applied and water saving:-

The amount of applied irrigation water m*/Fed. and water saving to
different irrigation treatments are shown in Table. (3) and Fig. {2). The
average amounts of water were 2364 .4 and 2354.77 m™/Fed under A, and A,
treatments13 respectively, while they were 2763.36 . 2496.47, 2195.91 and
1984.63 m’/fed. under B4, B>, B; and B, treatments, respectively. Conceming
the water saving the data showed that water saving was increased by
increasing cut back streams. The average water saving were 266.89, 567.45
and 778.74 m*Fed. under B., Bs and B, treatments respectively comparing
with treatment B,. It could be concluded that average saved water
percentage were 9.66, 20.54 and 28.18 % under cut back stream when water
reached 9C, 80 and 70 % of the furow length, respectively.
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Table (5): Total water applied (m’/fed.), saved water (m*/fed.) and saved
water percentage of maize crop as affected by irrigation in
two direction and cut back stream treatments in 2002 and
2003 seasons

2002 2003 average

Treats. Water | Saved | Saved | Water | Saved | Saved | Water | Saved | Saved
apglied, water, [ water, apglied, water, | water, apglied, water, | walter,
m'fed [ mifed | % miffed | miifed | % miifed | miMed | %
B, | 2764.59 - 2784.4 - - 2774.5

A, { B2 1248642 |1 278.17 | 10.06 | 2504.42 | 279.98 | 10.06 | 2495.42 | 279.06 | 10.06
Bs | 2191.29 | 573.3 | 20.74 | 2208.3 | §76.1 | 20.69 | 2109.8 | 5747 | 20.72
Bs | 1984.30 | 78029 | 28.22 | 1999.5 | 7849 | 28.19 | 18919 | 7826 | 2821
B1 | 2742.21 - 2762.21 - 2752.21 0 0

A | B2 | 2475.60 | 26261 | 9.58 | 2515.42 | 246,79 | 8.93 | 249751 | 2547 | 926
B; | 218554 | 55667 | 20.3 | 21985 | 563.71 | 20.41 | 2192.02 | 560.19 | 20.36
Be [ 197119 §771.02 | 28.12 | 19835 | 778.71 | 2B.19 | 1977.35 | 77487 | 28.15

784.9 q::z;“ TT8.7h—
0.29 :
ST6des | 563.7’_1‘. |

water saving m *fted.

B B
|
{ALD 5002 Dzooﬁ

Fig.(2) water saving m*ffed. On seasons 2002 and 2003

3- Daily, monthly and seasonal actual water consumptive use:

DaHy, monthly and seasonal actual water consumptive use values
are presented in Tabies (6) and (7) and figures (3) and (4). Obtained data
indicated that daily and monthly water consumptive use gradually increased
untii reached its maximum values within July during the two growing seasons.
This means that its peak value in the middle of the growing seascn which is
considered the critical period in water demands of maize crop. The mean
values of seasonal water consumptive use were 5127, 461.7, 423.7 and
396.2 cm with A, under B, B, B3 and B, freatments respectively and 505.5,
456.4, 424.3 and 392 cm with A; under the previous treatments respectively
in the first season while average of seasonal water consumptive use for the
same freatments were 519.7, 470.7, 430.7 and 398.7 and 493.9, 457.2, 429.5
and 391.2 cm in the second season respectively. These results revealed that
water consumptive use increased due to increasing amount of water applied.
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Tabie (6): Daily, Monthly and Seasonal actual water consumptive use
during 2002 season

Months May June July august _September Total
D D M. M.

Treat mm M. mm{ D mm M. mm mi mm D mm mm D mm |M. mm{ seas.
A1B4 2 22 4 120 ; 6 186 5 155 27 | 207 | 127
A1B2 2 22 35 [ 105 | 55 | 1705 | 45 138.5 27 (297 | 4617 §
A 1B, 2 22 3 90 5 155 4.1 127, 27 |1 287 | 4237
A B, 2 22 27 81 47 | 1457 | 38 117.8 27 | 297 | 3962
Aver 2 22 33 99 [ 53 ] 1643 44 134.8 27 [ 297
AsB, 19 (209 39 [ 117 ( 5.9, 1829 5 155 27 | 287 | 5055

2Bz 19 [ 2087 34 | 102 | 63 | 1643 | 45 139.5 27 | 207 | 4564

283 19 | 209 3 90 | 49 | 1519 | 42 1314 2.7 | 29.7 | 4243
A28, 18 (209 27 a1 47 11442 | 37 116.3 27 | 29.7 | 392

ver. 19 12081 33 | 975|152 11608 | 44 135.6 27 | 297

Table (7): Daily, Monthly and Seasonal actual water consumptive use
during 2003 season

Mont May June July august September | Total.

D M. D M. D M. D M. D M.

treat mm mm mm mm | mm mm mm mm mm_ | mm

AB 1 21 2713 1 441 123 | 6.1 189.1 5.1 158.1 24 119.2151987

AB; | 21 273 [ 36 | 108 | 58 1736 4.6 1426 24 119.2,470.7

ABy | 21 27.3 | 341 93 52 161.2 42 130 24 119.214307

ABy 1 21 273t 27 | 8251 485 | 1504 3.65 1194 | 24 1192,398.7
Aver | 21 273 | 34 | 1016 | 544 | 1686 | 444 | 1375 24 1192

A,B, 26 39 1 117 | 58 1798 | 440 | 1519 | 24 11924939
A;B, 26 3.4 | 102 | 53 1643 | 470 | 1457 24 119.21457.2

A,B, 26 27 | 8251475 1473 [ 375 ]| 1163 | 24 [19.2[391.2

2
2
A;B, 2 26 32 96 |495 | 1535 14351 1348 | 24 [19.214295
2
2

aver 26 33 994 5:20 161.2 4:43 1372 | 24 1192
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Figure (3): Daily actual water consumptive use during 2002 season
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Figure {4): Daily actual water consumptive use during 2003 season

4- Water application efficiency, Water use efficiency and utilization
efficiency.

Values of water application efficiency, water use efficiency and
utilization efficiency as influenced by the different treatments are shown in
Tabtes (8)&(9). Data indicated that water application efficiency increased with
decreasing applied irdgation water. The highest value was recorded with B,
treatment. Also, it is noticed that the highest values of water use and
utilization efficiency were achieved with treatment B; in the two seasons.

Table (8): Maize grain vyield, amount of irrigation water, water
consumptive use, water application efficiency, crop water
use efficiency and field water use efficiency as affected by
irrigation in two directions and cut back stream treatments
during 2002 season

Mai_ze Water Water AWat[.er tt:rop :ield
ram . consumpt., Ic., water use | water use

Treatments 3ield. re%‘;f"z" use o efﬂ‘::?ency efficiency, | efficiency,
Kgiied | ™ "¢ m’/ted % Kg/m’ | Kgim’

B, |2086.2 ] 2764.50- | 2182.74 78.39 1.39 1.09
Aq B | 2940 | 2504.42 1976.94 78.94 1.51 1.18
Ba | 2520 2208.30 1808.94 81.92 1.42 1.16
Bs {21994 | 1983.50 1674.54 84.420 134 1.13
B, 13126.2 | 2762.21 2074.38 75.10 1.53 1.15
Az B2 | 3080 2501 1420.24 76.78 1.63 1.25
Ba |2706.2 1 2198.50 1803.80 82.05 1.53 1.25
By |2426.2 | 1983.50 1643.04 83.68 1.51 1.26
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Table (9): Maize grain yield, amount of irrigation water, water
consumptive use, water application efficiency, crop water
use efficiency and field water use efficiency as affected by
irrigation in two directions and cut back stream treatments
during 2003 season

% Mai_ze Water Water W_atel: crop field
£ grain requirements, consumpt. appllszatlon watgr use watezr use
E yield, mfed lgse, efficiency, effiment;y. efﬁc:engy,
= Kg/fed mifed % Kg/ m Kg/m
B, | 30338 2784.40 2182.74 78.39 1.39 1.09
A B, | 2986.2 2504.42 1976.94 78.94 1.51 1.19
Bs | 2566.2 2208.30 1808.94 8192 1.42 1.16
Ba 2247 1983.50 1674.54 B4.42 1.34 113
By | 31738 2762.21 2074.38 75.10 153 115
Ay B: | 3126.2 2501 1920.24 76.78 1.63 125
B, | 27538 2198.50 1803.90 82.05 153 1.25
By | 24738 1963.50 1643.04 83.68 1.51 1.26
4.2 Potential Evapotranspiration:-

Monthly and seasonal

Data in Tables (10) and (11) showed the computed values of daily,

evapotranspiration (mm/day, mm/month and

mm/season) according to Penman Montieth, Modified Penman, Modified
Blaney & Criddle, Radiation and Pan class A equations for two studied
seasons. !t can be noticed that the highest potential Evapotranspiration (ETp)
was obtained from radiation and Modified penman, while the lowest was
obtained from Pan class A. It could be concluded that the nearest ET; to the
average were obtained from Modified penman and pan class A in the first and
second seasons respectively,

Table {10): Computed daily, monthly and seasonal evapotranspiration
(mm/day) according to Penman Montieth, Modified Penman,
Modified Blaney & Criddle, Radiation and Pan class A
equations during 2002

May June July August September | S.Etp,
Empirical mim/
D.| M D. M D. M D. M D. M | geas.
Penman
Montieth 51(683| 6 180 | 58 1798 52 |1612 | 43 1344 | 6217
pModified
Penman 627991736 |2208| 689 | 2134} 604 {187.24] 52 (41.36| 74294
Modified
Blaney & 44{573(597 (1791 575 | 1783 | 544 |(168.64| 48 138.48| 621.80
Criddle
Radiation  16.04| 78.5| 7.08 j2124] 688 | 2133 58 |[180.11] 54 [43.2 ] 72751
Panclass A | 5.5 5.09 4.88 5.1 3.97 671.48
Average 677.09
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Table {11): Computed daily, monthly and seasonal evapotranspiraticn
(mm/day) according to Penman Montieth, Modified Penman,
Modified Blaney & Criddle, Radiation and Pan class A
equations during 2002

R May June July August September !S. Etp,mm/;
Empirical D.[ M |0.1l M 1Dl M [D.]{ M | 5. [ M | seas.
Penman

58| 63.6 |66]197.416.51[201.81|16.181 1916 55 | 603 | 714865
Monteith
Modified

53158316 180 {58 1798 (561736 49 8§32 644.90
Penman
Modified

41| 451 |58]| 174 | 6 | 186 [53|1643| S 55 624.40
Blaney & Criddle
Radiation 61671 | 71210 } 7| 217 |66}2046| 55 | 605 | 759.20
IPan class A 4.65|51.12 | 5.6 | 168 [5.04{156.24)|4.69| 1454} 4.2 45.9 966.62
verage : 661.95

4 Crop Coefficient {Kc)

Effect of crop characteristics on crop water requirements is indicated
by the crop coefficient (Kc), which represents the relationship between
potential (ETp) and actual Evapotranspiration (ETa).

Data of crop coefficient of maize crop for different irrigation
treatments are shown in Tables (12) and (13) and figures (5) and (6). It is
cleared that the average value of crop coefficient Kc by many empirical
formulas were 0.39, 0.54, 0.88, 0.78, and 0.54 and 0.38, 0.54, 0.88, 0.80 and
0.52 in May, June, July, Aug. and Sep. in the first and second seasons,
respectively. it could be noticed that the nearest value to average (Kc), those
of Modified Penman and Penman Montieth in the first and second seasons
respectively. So, it can be concluded that the value of 0.63 for crop coefficient
can be used fo calculate evapotranspiration of maize plant grown in North
Delta by using Penman Montieth equation.

Table ({12): Crop Coefficient for maize crop as affected by different
treatments during season 2002

Mo | penman | oditied | "G | ogation | class | e

Months (W.C.U &Criddle A Ke
’c’,‘;"yi D.| K¢ |D.| ke | D.| %¢ | D. | ke | D. | Ke

May 195 [578| 034 |53] 037 | 41| 048 61 0321 465 {042 | 039

un. | 328 [658| 05 | 6 | 055 |56 057 | 7 |047| 56 | 059 054

Jui. 5251651 081 [58| 06 | 6 | 088 | 7 [075( 504 | 1.04| 088

AUg. | 436 [5.18| 0.71 |56 078 | 53] 082 |66 |006] 466 | 093] 078

Sept., | 27 [548| 0.49 |45 055 | 5 | 054 | 55049 417 | 065 | 054

057 063 0.66 054 673 063
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Figure {5): Crop Coefficient for maize crop as affected by different treatment
during season 2002

Table {13): Crop Coefficient for maize crop as affected by different
treatment during season 2003

Aver. " Modified Pan
Month sIA WwW.CuU I\i:len?atz g:::::d Blaney Radiation class JAver.
RS mmy [OnYe n & Criddle A Kc
day D. |Kc] D. Kc D. Kc D. Kc D. Ke
Ma 205 i51)04| 615 | 033 [ 441 | 046 | 6.04 [ 034 | 547 [ 037 |0.38
pun. 3.35 6 |056) 736 | 046 | 597 | 056 | 708 | 047 | 5090 | 066 {0.54
Wul. 532 |581092) 689 | 077 | 575|093 | €88 | 077 | 498 | 1.07 [0.89
Aug. 443 |521085) 604 | 0731544 |1 081 | 581 | 0.76 5.1 087 |08
Sept. 2.4 43]056| 517 | 046 | 4.81 05 5.4 0.44 | 3.97 06 (052
0.66 (.55 065 0.56 071 |0.63
AW, C. U. =actual water consumptive use. D. = daily actual water consumptive use.
Kc.=Crop Coefficient. M. =monthly actual water consumptive use.
1.2 «
Pan class A
1 4 Penman montiet Modified Blaney&
Criddle
0.8 4 \
adiation -
S 0.6 - Modified Penma
0.4 4 ‘/' A
0.2
0 L LJ L ¥ L
May Jun, dui. Aug. Sept.
months
* Penman montieth —%—Modified Penman
—dr— Modified Blaney& Criddle Pan class A
Average — — Radiation

Figure {8): Crop Coefficient for maize crop as affected by different treatments
during season 2003
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6- The economic evaluation

Data in Tables (13) and (14) illustrated the values of production, total
income, total costs, total return, water applied, water productivity and
economic efficiency as influenced by different treatments for maize crop in
the first and second seasons. Dala obtained indicated thai the maximum
values of total income, total return, water productivity and economic efficiency
were achieved with A (irmigation in two direction treatment). In the first and
second seasons. Conceming the effect of cut back stream treatments, the
maximum vaiues were obtained with By and B; treatments respectively in the
first and second seasons .

Table (13): Values of productivity, total income, total costs, total return,
water applied and water productivity for maize crop under

Costs
Produ.,| Total = Total | Water | Water .
Treatments| ardab/ | Income, [Variable, F'Iféd '| Total, |Return,) Applied, | Produ,, E'fr?cr;gnmc'c
fed |LE/fed | tE/fed | oo |LE/fed |LE/fed| m'ffed | LE/ m’ ¥

A8, 21.33 | 31995 [ 1206 | 560 | 1766 [1433.5]2764.59| 0.52 0.81
AB, 21 31580 1196 560 [ 1756 | 1394 | 248642 | 0.56 0.7¢9
A,B; 18 2700 1186 560 | 1746 954 |2191.29] 0.44 0.55
A:B. 15.71 | 23565 | 1176 560 | 1736 § 620.5 11984.30| 0.31 0.36
mean 2851.5 1100.5 0.46 0.63
AzB4 223 | 33495 | 1206 | 560 | 1766 [1583.5(2742.21| 0.58 0.90
A;B; 22.00 | 3300 1186 560 | 1756 [ 1544 [2479.60| 062 0.88
A8, 19.33 ) 28985 | 1186 | 560 | 1748 11153.512185.54} 0.53 066
A;B4 17331 25005 | 1176 [ 560 | 1736 | 8635 [1971.18| 044 0.50
mean 3037.1 1286.1 0.54 0.74

Table (14): Values of productivity, total income, total costs, total return,
water applied and water productivity for maize crop under
different treatments during season 2003different treatments
during season 2002

Produ., | Total costs Total | Water |Water Economic
Treatments| ardab/ llncome,{Variable, | Fixed, | Total, {Return, Appiied, Produg efficienc
fed |LE/fed| LE/fed |LE/fed]LE/fed |LE/fed| m'ffed |LE/m 4
AB, 21.67 13250.50( 1206 560 1766 [ 148451278440 | 0.53 0.84
AiB, 21.33 |31995( 1196 560 1756 [1443.5| 250442 | 0.58 0.82
A:By 18.33 {27495! 1186 560 1746 [1003.5,22.83.30( 0.45 0.58
AyBa 16.05 [2407.50] 1176 560 1736 | 6715 | 19835 | 0.34 0.39
mean 2901.75 1150.7 0.48 Q.66
AzB, 22.67 |3400.50| 1206 560 1766 | 1634.5 2762.21 | 0.59 0.93
AB2 22.33 1334450 1196 560 | 1756 |[1593.5] 2515.42 [ 0.63 0.9
AqBs 19.67 129505! 1186 560 | 1746 [120451( 21985 | 055 0.69
AqB, 1767 | 26505 1176 560 1736 | 914.50| 1963.5 | 0.47 0.53
mean 3087.75 1336.7 0.56 0.77
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