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ABSTRACT: Two field experiments were carried out at Giza
farm, Agric. Res. Center Giza Governorate, during 1998/1999 and
1999/2000 seasons to identify the effective pan coefficient (selected
from 0.6, 0.8 , 1.0 and 1.2 treatments (IW: CPE) needed for
scheduling irrigation of wheat crop sids 7 variety (using pan
evaporation records) under two nitrogen application times , one dose
( presowing ) and two doses (presowing and at life watering after
21 days ) and 3 levels of nitrogen fertilizer (50,75and 100 kg N/ fad.).
Sowing dates were November 18 and 21 November in 1998-1999 and
1999-2000 seasons, respectively, while , harvesting took place on
April 21 and 23 April in the respective years . '

Results of the two wheat growing seasons indicated that the seasonal
water consumptive use values were 421.7 and 436.2 mm. in the first
and second seasons, respectively. Also results indicated that the most
efficient method for calculating wheat crop evapotranspiration
(ETC) in Middle Egypt is penman Monteith followed by Modified-
penman formula.

Key words: (IW: CPE) : irrigation water commulative pan evaporation

ratio .
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INTRODUCTION

Wheat is the first cereal crop
in the world. Water and nitrogen
are considered the most important
factors affecting wheat production.

Water is the limiting factor of
agriculture in arid and semi-arid
regions. The response to fertilizer
nitrogen depends on the level of
available soil moisture and hence
irrigation practices need to be
modified. The present study aims
to identifying the effective
evaporation  pan  coefficient
selected from 0.6 ,0.8,1.0and 1.2
( IW : CPE ) ratio needed for
scheduling irrigation of wheat crop
under the timing of N- fertilizer
application and the best rate of N-
fertilizer .

In this connection, Jensen and
Middleton (1965) described and
applied the accumulative pan
evaporation method in scheduling
irrigation in USA. Eid et al .,
(1982) in Egypt wused the
evaporation pan method for
‘Scheduling irrigation . El-
Marsafawy (1995 ) in Giza ,
identified the effective evaporation
pan coefficient for maize crop .
More studies on determination of
the effective evaporation
coefficients were

faba been
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made in Egypt on soybean in
Middle Egypt (Yousef, 1989),
in Middle Egypt

( Foad , 1995 ) and many others are
being done for the same purpose
.However Rayan et al.,

(1999) found that seasonal
consumptive water use values of
wheat crop at Upper Egypt region
were 1983 and 1930

m’ / fad. in 1995 /96 and 1996/97
seasons, respectively . Rayan et al
(2000) indicated that consumptive
water use values for wheat crop in
Shandaweel region were about
1752 and 1411 m’ / fad. in the first
and second seasons , respectively .

MATERIALS AND METHODS

The present investigation was
carried out at Giza farm, Agric.
Res . Center during 1998 /1999 and
1999/2000 seasons to study the
effect of irrigation regime , timing
of N fertilizer application and N
fertilizer levels on actual seasonal
evapotranspiration
( consumptive water use ) .

The experiment was laid out in
split split plot design with four
replications.

The main treatments were
irrigation regime (evaporation pan
coefficient): 0.6, 0.8, 1.0 and 1.2
represent (Prolonged - dry
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treatment), (Infrequent),
(medium) and (frequent).

Where as the Sub-plots is time
of N fertilizer application, which
were all dose applied at presowing
time or splitting the rate into two
equal doses, one at presowing time
and the other one before life
watering irrigation. The sub —sub
plots were nitrogen fertilizer rate,
which were 50, 75 and 100 kg N
/fad . ‘

The nitrogen fertilizer was
added in the form of ammonium
nitrate (33 % N ).

The experimental field were
ploughed and calcium
superphosphate (15.5 % P; Os) at
the rate of 100 kg / fad. and
potassium sulphate ( 48% K>0 ) at
rate of 50 kg / fad . were
brodcasted before the first
irrigation . Actual consumptive use
(ETa).

Seasonal consumptive water use
(evapotranspiration) and monthly
C.W.U were recorded.

The actual evapotranspiration
(ETa) was estimated from the soil
sampling. Soil samples were taken
before and after irrigation as well
as at harvesting time to calculate
consumptive water use
according to the equation of
Israelsen and Hansen (1962 ) .

The monthly consumptive
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water use were obtained from daily
water use multiplied by the number
of days in the month .
Potential evapotranspiration (ETp )
were  estimated using - three
different empirical equations,i.e
. Penman Modified , - Penman
Monteith
And Doorenbos —Pruitt where as
the “WATER” model
( Zazueta and Smajstrla 1984 )
was used to calculate the reference
evapotranspiration .

The “* CROPWAT” model
( Smith 1991 ) was used to
calculate ( ETp ) values for
Penman — Monteith equation .

Mechanical analysis of soil
according to Piper, (1950) is
shown in Table (1). Soil moisture
constants i.e. bulk density, field
capacity and permanent wilting
point were determined and
presented in Table  (2).
Meteorological data of Giza region
are shown in Table (3) .

RESULTS AND
DISCUSSION

1- Actual evapotranspiration
(ETa). |

1.1 Seasonal actual consumptive
water use( ETa) :

Seasonal actual consumptive water
use as affected by irrigation
regimes , Timeof N

fertilizer application and N



822

fertilizer levels are recorded in
Table (4). The average values
irrespective to irrigation regime,
time of N application and N
fertilizer levels together were
421.7 and 436.2 mm. in the first
and second seasons, respectively.

With respect to irrigation
regime, ETa values in 1998 /99
were 333.2, 403.7 , 445.7 and
504.0 mm. for 0.6 , 0.8, 1.0 and
1.2 (IW: CPE) ratio, receptively.

The corresponding values in
1999/2000 were 343.3, 419.7
458.2 and 523.6 mm. in the same
order . It is clear that ETa
gradually  increased as the
available soil moisture increased in
the root zone of wheat plants
( i.e. irrigation wheat at short
irrigation intervals increased ETa
values ) . However subjecting
wheat plants to water difficit
reduced the ETa values.

In this respect Mohamed and
Tammam ( 1999 ) found that the
treatments which received all
irrigations  recorded the highest
amount of water and consumed
more water than the other
treatments . These results are in
full agreement with those obtained
by Badawi et al. (1984 ) ;Metwally
et al ., ( 1984),Elkallaeral (
1994 ) ; Khater et al ,(1997);
Rayan et al ., (1999)and El
Marsafawy ( 2000 ) .
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They confirmed that water
consumptive use increased as soil
moisture content increased.

Regarding to timing of N
fertilizer - application ETa values in
1998/99 were 411.9 and 431.4 mm
. for one and two times of N
applications , respectively .

The values in 1999/2000 were
426.2 and 446.2 mm. for the same
respective treatments. These results
indicated that ETa values were
slightly inceased with the splitting
rate of N fertilizer into two equal
doses. Data recorded in Table (4)
revealed that increasing levels of N
fertilizer increased ETa of the
wheat crop . -

The values in 1998 / 1999 were
3984 , 421.8 and 444.8 mm.
whereas in 1999/2000 were 406.5 ,
441.5 and 460.7 mm for 50, 75
and 100 kg N / fad ., respectively.

However results indicated that
ETa values were increased by
increasing N fertilizer levels in
both seasons. o

Regarding  the interaction
between  the three studied
treatments Table ( 4.) showed that
the highest value of ETa was
obtained at 1.2 ( IW: CPE) ratio
with treatment of applying 100 kg
N / fad . splitting into two equal
doses . However, the lowest value
was recorded at 0.6 - (IW: CPE)
ratio with treatment
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whichsreceived the rate of 50 kg N
/ fad. applied at one dose.

The monthly consumptive water
use as affected by different
treatments are recorded in Table
(5). Monthly ETa values for
irrigation regime were increased
by increasing number of irrigation
(i. e 12 pan evaporation
coefficient ) in the two seasons.
The highest monthly ETa values
were recorded through March in
all treatments. This can be
attributed to the increase in air

temperature and to the vigorous

growth of wheat plants. ‘
Monthly ETa values were
increased when N fertilizer rate
was applied into two equal doses
and it increased also by increasing
Nrateup to 100kg
N / fad. The results are in full
agreement with those found by El-
Refaie et al.,( 1988 ), who reported
that the monthly rates of water
consumptive use at Middle Delta
( Gemmeiza ) were 22.40, 55.28,
53.48 , 90.07 , 85.26 and 70.70
mm . , respectively , from
December to May . Regarding the
values of ETa and ET crop (mm /
month) estimated by modified
Penman, Penman Monteith and
Doorenbos-Bruitt as recorded in
Table (6), the data revealed that
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in 1998 / 99 and 1999 /2000
seasons ET crop values were 2.59,
2.97,3.14 and 2.56,2.93 and 3.05
mm for modified Penman |
Penman Monteith and Doorenbos —
Pruitt formulae , respectively .
Generally, results recorded in
Table (6) showed that Doorenbos-
Bruitt formula gave the maximum
value, while modified Penman
gave the minimum one. At the
same time values of Penman
Monteith was found to be in
between in the two seasons.

Comparing ET crop with the
Actual ET, data recorded in Table (
6) révaled that the average ratios
between ET crop/ Actual ET were
0.90 , 1.03 and 1.08 for modified
Penman, Penman Monteith and
Doorenbos-Bruitt , respectively.

It can be concluded that Penman
Monteith formula has the superior
in calculating ET crop for wheat in
Middle Egypt , due to It’s least
difference from the actual ETa

value compared with other
formulae .
However soil -~ moisture

extraction paterns, Table ( 7 )
showed that values of soil
moisture extraction pattern within
the root zoon of 60 cm as affected
by irrigation regime , time of N
fertilizer application
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Table ( 1) particle size distribution of the
experimental plots

Soil Fractions Content %
Coarse sand 3.11

Fine sand ' 13.12
Silt o | 30.53
Clay * - 53.24
Textural class ' clay

Table (2): Experiméntal soil moisture constants at Giza
research region .

e Field Wilting point | Available water | Bulk density
oy | capacity (%) %) (gm fom’)
0-15 39.90 18.40 21.50 1.15
15-30 33.50 17.65 15.85 1.22
3045 27.95 16.60 11.35 1.23
45-60 - 28.35 16.40 11.95 1.29




Table : (3 ) Meteorological data at Giza Agricultural Research Station in 1998 /99
and 1999 / 2000 seasons .

Season 1998 /99 1999/2000

e,

Month | Tmax | Tmin | WS | RH | RF | SS | SR |E paa]|Tmax|{Tmin [ WS |RH | RF |Ss [SR 'E,,a,,

November | 266 | 157 [ 16 | 470 [ 0.0 | 81 | 326 | 3.50 | 2697 | 14.87 | 327 | 6267 | 000 | 8.1 | 326 |360

December | 21.6 11.1 1.8 680 | 34 7.1 268 | 259 % 2227( 11.23] 3.20 | 7033 0.00 7.1 268 | 2.34

'January 20.7 9.30 1.1 720 | 08 7.0 280 | 23631843 | 837 | 3.50 | 70.67 | 3.00 7.0 280 (208

February 21.9 10.0 18 670 | 03 19 354 ) 3.50 ] 20.17 | 880 | 343 | 69.00 | 0.00 79 | 354 {278

March 254 11.7 22 59.0 | 0.1 8.6 441 | 52402220 1057 | 4.10 | 67.33 | 1.60 8.6 41 |3.75

April 29.2 128 | 25 600 | 0.0 9.6 519 | 6.06 ] 3040 | 16.20 | 4.23 | 57.67 | 0.00 96 | 519 |6.53

Where :

Tmax- T min= maximum and minimum temperatures ¢

W.S =wind speed ( m/ sec.) . R.H = relative humidity (% ).

R. F = rain full (mm ). S .S = actual sum shine ( hour).

S.R = solar radiation ( cal/ cm®/ day ) . and Epan = evaporation pan ( mm / day )

£00Z (£)°ON 0OF " 104 “say "ou3y [ 3120807

§T8
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Table (4) : Seasonal consumptive water use in mm of
wheat as affected by irrigation regime, N
fertilizer application timing and N fertilizer
level in 1998-1999 and 1999-2000 seasons

1998-1999 1999-2000
Irrigation] Tise of N.
2 N -levels (Kg/ fad .)
regime |Application 8
S0 (75 | 100 |dveragd S50 ( 7S5 (100 |Average
0.6 One |301.8(330.21359.2(330.4 | 307.7 [338.6(358.7 [ 335.0
Two |319.0(330.8{358.2336.0 | 322.3 |356.5(376.1( 351.6
Average 3104 | 330.5 | 358.7( 3332 | 3150 | 347.6 | 3674 | 3433
03 One |372.9/383.0/402.1/386.0 | 382.0 |416.6/421.0 | 406.5
. Two (397.1(417.4|1449.8(421.4 | 409.6 |435.21453.9 | 432.9
Average 385.0 | 4002 | 426.0] 403.7 | 3958 | 4259 | 437.5| 4197
10 One [414.8{437.7|468.5(440.3 | 431.0 (452.4(466.2 | 449.9
Two ]435.0]451.7]466.41451.0 | 443.0 | 465.0 [491.4 | 466.5
Average 4249 4447 | 467.5( 4457 | 4370 |458.7 | 4788 | 4582
12 One |464.7|494.4|513.8(491.0 | 467.8 |523.6|548.8 [ 513.4
Two |482.1(529.0(539.8/517.0 | 488.8 | 543.6|569.0 | 533.8
Average 4734 | 511.7 | 526.8] 504.0 | 4783 | 5336 | 5589 5236
Averasge | One |388.6)411.3/435.91411.9 | 397.1 |432,8|448.7 | 426.2
I
foralt 1 Two |408.3| 4322|4536 4314 | 4159 |450.1|472.6 | 44622
N Levels average | 398.4 | 4218 | 444.8] 4217 | 4065 | 4415 | 460.7 | 436.2
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Table ( 5): Monthly consumptive water use , cm as affected by irrigation regime , N fertilizer
levels and time of application in 1998/99 and 1999/2000 seasons

Season 1998 /1999 1999/2000 1998/1999 1999/2000 1998/1999 | 1999/2000
Treatments * Irrigation regime Nitrogen levels (N.kg /fad.). || Time of application
Month (o6 (08| 10| 12| 06} 08] 10 |12 Jl50 |75 |[100] 50 | 75 | 100 [JONE [TWO | ONE|TWO}
November |2.08] 2.08| 2.08| 208 | 1.87 | 187 | 1.87] 1.87]| 2.08 | 2.08 [2.08 | 1.87 [1.87 | 1.87 || 208 208 {1.87 | 1.87
December |4.34| 465 496 527 | 4.96 | 5.27| 589 | 620 || 4.11 | 4.43 {4.64 | 4.01 [435 | 4.83 || 4.33| 433 | 3.89 [392
January 5891 7.13| 8.06| 899 | 589| 682 7.75 930 || 7.11 | 7.22 | 7.63| 7.11 [7.78 | 794 || 744 | 7.74 | 7.61 795
February le.44| 7.56| 8.96 [ 9.80 | 6.67 | 8.12 | 9.57 |9.86 || 7.82 |7.96 | 870 | 7.85 |8.46 | 8.91 [ 7.59 | 8.95 | 8.31(9.48
March 8.06] 9.92/10.25) 12.71} 8.06 } 10.23}10.85 [13.02 }] 9.90 [10.63 |11.46 | 10.01]}11.48] 11.66 || 10.85] 11.13] 11.02 11.36
April 6.511 9.03| 9.66(11.55] 6.90| 9.66]| 9.89 |12.19 || 882 1985 | 996} 030 |10.26| 10.85]|8.91 | 891 ]| 9.92 |10.09
Total 33.32( 40.37| 44.57(50.40 | 34.35| 41.97| 45.82(52.44 (| 39.84 [42.17 |44.47 ] 40.65 {44.20 | 46.06 L4:.20 43.14] 42.62(44.67

Zagazig J.Agric. Res., Vol . 30 No.(3) 2003

* Irrigation based on irrigation water cumulative pan evaporation (IW : CPE) record ratio 0.6

,0.8,1.0and 1.2.
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Table ( 6) :Comparison of wheat potential ET ( estemated

E-Garhi, et.al.

methods ) and actual consumptive water
use by wheat (mm / day ) in 1998 / 1999

by different

Season 1998 /1999 1999 /2000 Average
Formulae ET Ratio ET Ratio ET Ratio
Penman Monteith w| 297 1.04 2.93 1.01 2.95 1.03
Doorenbos- Pruitt * 3.14. 1.10 3.05 1.06 3.10 1.08
Modifid Penman* 2.59 0.91 2.56 0.89 2.58 0.90
Actual ETa 2.85 2.89 2.87
(Growth season of wheat 155 days )

* (FAO No. 24 ,1977 )

** (Smith 1991 )

Table (7): Distribution of moisture (Percentage ) extracted by the root for

different layers in 1998-1999 and 1999-2000 seasons

1998 — 1999 1999-2000
Season
Depth of soil in em Depth of soil in em
Irrigation 0’ ll
regime 0-15 (15-30(30-45(45-60 | 0-15 15-30(30-4545-60
0.6 [35.00[28.50/24.49(12.01 |36.20 [30.30/23.10/10.40
0.8 38.7027.80(22.75|10.75 39.10 28.35(22.86{ 9.69
1.0 45.10(26.20(20.40( 8.30 (45.43 26.16(20.11]8.30
12 |47.6505.70(18.80 | 7.85 |48.71 24.72|18.72(7.85
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and N fertilizer level in 1998 /99
and 1999 /2000 seasons declared
that in 1998 /99 and 1999/2000
seasons showed that extraction
percentage of water from the top
soil ( 0-30 cm ) was 63.50 . 66.50
,71.30 , 73.35 and 66.50 . 67.45,
71.59 and 73.43,for0.6.0.8, 1.0
and 1.2 ( IW: CPE) ratio.
respectively The respective
values for the subsurface layers
(30-60 cm) were 36.50, 32.50,
28.70, 26.65 and 33.50, 32.55,
2841 and 26.57 for the same
-irrigation regime, respectively.

" Generally results indicated that
most of the water extracted by
plants was from the top soil

( 0-30 cm ). However the highest
exlraction percentage from the top
30-cm layer was recorded under
(IW: CPE) ratio treatment in
both seasons .

This results are in accordance
with various workers, Vasquez and
Taylor ( 1958 ) , Bennett , and
Doss ( 1960 ), Israelsen and
Hansen (1962), Ainer ( 1983 )and
Shahin and Mosa ( 1994 ) .
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