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IRRIGATION WATER MANAGEMENT OF WHEAT CROP UNDER 
SOWING DATES AT FAYOUM 

Yousef, K.M.R and Ashry, M.R.K . 
Soil, Water and Environment Res. Inst., A.R.C ., Egypt 

ABSTRACT ·· 
A field experiment was conducted at Kom Osheem Agric., Res., 

Station, Fayoum, Egypt during 2003/2004 and 2004/2005 seasons to study 
the effect ofthree sowing dates, i.e. D1: 22 Nov., D2: 2 Dec., and D3:12 
Dec. and irrigation water managements, i.e. irrigation at 11:30%, h:55% 
and b : 80% available soil moisture depletion (ASMD) on yield, yield 
components and some water relations of wheat crop (Giza 168 cv.). A 
split-plot design with four replications was used in both seasons. The 
main obtained results were as follows: 
1. Planting wheat on 22 Nov., and irrigation at 30% ASMD gave the 

highest averages of plant height, spike number/m2, grain weight/ 
m,lOOO- grain weight, grain yield/fed. (1566.0 and 1656.0 kg), and 
straw yield (3625.9 and 3824.4 kg/fed.) in the two successive seasons. 
The lowest averages of yield and its components were obtained from 
sowing on 12 Dec. and irrigation at 80% ASMD in both seasons. 

2. Delaying sowing date from 22 Nov. to 12 Dec., significantly decreased 
all yield components, grain yield/fed by 12.7% and 12.4% and straw 
yield/fed by 24.7% and 25.6% in 2003/2004 and 2004/2005 seasons, 
respectively. However, increasing ~he ASMD froin 30% to 80% 
significantly decreased yield components, grain yield/fed by 29.7% 
and 24.5%and straw yield/fed by 11.9% and 13.4% in the two 
successive seasons. 

3. Seasonal consumptive use (ETc), as a function of the different 
treatments averaged 40.40 and 39.70 em in 2003/2004 and 2004/2005 
seasons, respectively. Delaying sowing date from 22 Nov. to 12 Dec., 
and increasing ASMD from 30% to 80% decreased seasonal Etc from 
46.18 and 45.43 em to 35.35 and 34.85 em in the two successive 
seasons. 

4. Daily ETc rates were low during Nov. and Dec., then increased during 
Jan. and Feb., to reach its maximum values during March and declined 
again at April till harvesting. The values of daily ETc decreased with 
delaying sowing date than 22 Nov. and increasing ASMD than 30% in 
the two growing seasons months. The crop coefficient (Kc) values 
were 0.51, 0.59, 0.67, 0.80, 0.95, 0.69 and 0.49 (averages of the two 
seasons) for, Nov., Dec., Jan., Feb., Mar., Apr. and May, respectively. 

5. The highest water use efficiency values were 0.871 and 0.936 kg 
grains/m3 water consumed were o;btained from 0 3h treatment in 
2003/2004 season and D2h treatment in 2004/2005 season, 
respectively. 

Key words: Wheat yield, yield components, sowing dates, irrigation regimes, 
water relations. 

INTRODUCTION 
Wheat is the major cereal crop source of calories and protein in Egypt, 

and its production shortage is the dominant factor in the food 
problem.Therefore, applying optimum agricultural treatl?ents for wheat crop, 
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i.e. tillage practices, sowing date, fertilization, weed control with best irrigation 
water management became a very important concern for in Pakistan, increasing 
wheat production per unit area cultivated. Nazir et a/. (1980) concluded that 
number of fertile tillers/unit area, grains/spike and grain yieldlha progressively 
decreased with delaying sowing from 10 Dec. to 9 Jan. ·yields were 4.98 and 
3.65 t/ha for 10 Dec. and 9 Jan., respectively, whereas the 1000-grain weight 
was little affected. , 

Sufian eta/. (1983) in Bangladesh, showed that grain yields were 2.71, 
4.0 and 3.09 t/ha for 31 Oct., 22 Nov. and 22 Dec., sowing, respectively. Hegab 
et a/., (1984) noticed that the earlier sowing gave the higher yields and yield 
components. Tomar and Verma (1985) in India, indicated that averages of 
grain yields were 4.41, 4.93 .3.91 and 2.83 t/ha for the 4 sowing dates (from 23 
Oct., to 6 Jan). Number of grains/plant, 1 000-grain weight and grain yield (5.31 
t/ha) were highest from sowing on Nov. 12. Ibrahim eta/. (1986) pointed out 
that grain yields were 2.69, 4.36, 4.57 and 3.84 t/ha for sowing on 21 Oct., 10 
Nov., 30 Nov. and 21 Dec., respectively. El-Morshidy eta/. (1998) found that 
early sowing in the second half of Nov., with optimum irrigation during all 
growth stages increased grain yield and its components. Gupta et a/. (2004) in 
Kashmir, revealed that sowing on 6 Nov., gave th_e higher grain yield (26.6 
quintal/ha), biomass (1 01.9 q/ha), spike number/m (307.4), grain no .I spike 
(19.6) and water use efficiency (9.35 kg/mmlha), than late sowing. Rajput and 
Pandey (2004) in India, found that grain yield, ear length, number of grains/ear, 
1 000-grain weight, WUE, leaf area index, crop growth rate were decreased with 
delaying sowing date from 3 to 23 Jan., and were highest with 55% soil 
moisture than 40% or 70%. 

Regarding the irrigation regimes effect Doorenbos et a/. (1979) 
indicated that available soil moisture depletion (ASMD) less than 50% had a 
little effect on water uptake· by wheat plants, whereas at 70 ASMD moderate 
stress occurred and severe ·stress when ASMD exceeded 80%. Water 
requirements for high yield ranged between- 45 and 65.0 cin, and the crop 
coefficient (Kc) values were 0.3-0.4, 0.7-0.8, '1.05-1.20, 0.65-0.70 and 0.2-0.25 
for initial, development, mid-season, late season and harvest stages, 
respectively. Meyer and Green (1980) showed that expansive growth of wheat 
was reduced when soil moisture was below 33% ASMD. El-Sayed (1982) 
revealed that seasonal ETc as well as grain and straw yields were depressed by 
exposing wheat plants to high moisture stress. Metwally et a/. (1984) found 
that irrigation at 25% ASMD gave the highest grain and straw yields. They 
added that, ETc values were 47.65, 41.71 and 36.3 em for irrigation at 25, 50 
and 75% ASMD, respectively. Abdel-Mottaleb and Metwally (1992) 
concluded that grain and straw yields were increased with increasing soil 
moisture .Irrigation at 2 bars gave the highest yield, wheres the lowest one was 
obtained from irrigation at 8 bars. The ETc was decreased by increasing soil 
moisture stress. Irrigation at 8 bars gave the highest water use efficiency 
(WUE). Y ousef and Eid (1994) at Fayoum reported that the highest values of 
yield and yield components :were obtained from irrigation at 30% ASMD. 
Increasing ASMD from 50%· to 70% significantly decreased yield component, 
grain yield and straw yield. The ETc increased as the ASMD decreased and the 
high WUE was resulted from irri.fation at 30% ASMD. Yoitsef and Hanna 
(1998) found that spike number/m , grain number/spike,1000-grain weight and 
grain and straw yields/fed were significantly decreased by increasing ASMD 
form 35% to 70%. They added that seasonal ETc were 42.77 and 37.83 em for 
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irrigation at 35 and 70 ASMD, respectively. However, the Kc values were 0.4, 
0.68, 0.79, 1.02, 1.00, 0.61 and 0.39 during Nov., Dec., Jan., Feb., Mar., Apr. 
and May months, respectively. The highest WUE was resulted from irrigation 
at 35% ASMD. Yousef and Eid (1999) revealed that irrigation at 35% ASMD 
gave the highest spike number/m2

, 1 000-grain weight, grain and spike 
yields/fed, seasonal Etc (43.7 em) and WUE (1.065 kg grains/m3 water 
consumed), whereas irrigation at 80% gave the }()west mentioned 
measurements. Hassain et al. (2003) indicated that irrigatin~ wheat at 4 weeks 
after emergence gave the highest number of spikes/m (238), however, 
irrigation at 2 weeks after emergence gave the highest grain yield ( 4103 kg/ha) 
and biological yield (1 0207 kg/ha). Yousef and Ashry (2006) found that the 
highest yield and yield components ·were resulted from irrigation at 3 5% 
ASMD and increasing ASMD to 55 or 75% caused significant reduction in 
yield components, grain and straw yields. Seasonal ETc values were; 43.13, 
40.12 and 39.05 em for irrigatioo at 35.55 and 75% ASMD, respectively. The 
peak of water consumption occurred during March and April and the Kc values 
were; 0.53, 0.74, 0.87, 0.91, 0.99, 0.60 and 0.41 for Nov., Dec., Jan., Feb., 
Mar., Apr. and May months, respectively. · 

MATERIALS AND METHODS 
The present investigation was conducted at Fayoum Agric., Res., Station 

(Kom Osheem) during 2003/2004 and 2004/2005 seasons to study the effect of· 
irrigation water management for wheat crop under different sowing dates on 
yield, yield· components and some crop water relations. Three sowing dates, i.e. 
D1: November 22"ct, D2 : December 2 and D3: December 12 were combined with 
three irrigation regime treatments, i.e. irrigation at I1: 30%, h:55% and I3: 80% 
available soil moisture depletion (ASMD), in a split-plot design with four 
replications. Each plot was isolated from the others by allays 1.5 m between to 
avoid the lateral movement of water. The soil physical and chemical properties 
of the experimental plots, were determined according to Klute (1986) and Page 
et al. (1982) and are presented in Table (1). The averages of climatic factor for 
Fayoum Governorate during the wheat crop growing seasons are recorded in 
Table (2). Dates of irrigation and irrigation count for the different treatments 
tested in both seasons are listed in Table (3). The sub-plot, area was 21.0 m2 

(3.0 x 7.0 m). Calcium super phosphate (15.5% P205) was added at the rate of 
150 kg/fed during the field preparation. The preceding crop was grain sorghum 
in both seasons. · 

Nitrogen fertilization, as ammonium nitrate 33.0% Nat the rate of 75kffi 
N/Fed was applied in three equal doses (at planting, at the 1st and 2" 
irrigations). Irrigation regime treatments started from the 2"d irrigation. Wheat 
grains of Giza 168 cv., at the rate of 70 kg/fed were broadcasted for each 
sowing date. 

The soil moisture values were gravimetrically determined on oven dry 
basis, as the technique of Water Requirement and Field Irrigation Dept., 
A.R.C., Egypt for soil layers, each of 15.0 em from soil surface and down to 
60.0 em depth, and the soil moisture constants, estimated for the experimental 
field are shown in Table (4). 
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Table (1). Physical and chemical analysis of the experimental plots at, Kom 

Osheem. 
A. Physical analysis 

Sand% Silt% Clay% Texture Organic CaCo3% 
clesses matter% 

51.5 23.2 25.3 Sandy 0.91 9.92 
clay ldom ' 

B. Chemical analysis 
Ec pH Soluble Cations meg/L Soluble anions meg/L CEC Exchangeable Cations 

dS/m 1:2.5 meg/100gm meg/100gm soil 
extract ca++ I Mg++ I Na+ K+ Cl I HcoJ I Col I So, soil ca++ I Mg++ I Na+ I K+ 

7.83 8.19 17.22110.21146.92 1.82 38.1512.941 - 135.08 20.12 9.85 I 6.92 I 2.16 I o.78 

Table (2). Monthly averages of climatic factors for Fayoum Governorate 
d . 2003/2004 d 2004/2005 urmg an seasons. 

Temperature co Relative Wind 
Max. Min. Mean humidity speed 

Monthly Season 0/o m/sec. 

November 2003 27.·7 16.6 ' 21.6 62 1.7 
2004 27.7 13.7 20.7 55 2.2 

December 2003 22.4 9.4 15.4 58 2.6 
2004 21.6 8.1 14.8 59 2.4 

January 2004 21.2 8.8 16.0 58. 2.4 
2005 21.1 7.6 14.2 56 2.1 

February 2004 23.8 8.6 16.2 60 2.0 
2005 21.0 .. 6.9 13.9 55 2.2 

March 2004 25.2 10..1 17.06 56 2.3 
' 2005 25.2 9.4 17.3 53 2.2 

April 2004 29.7 13.1 21.4 51 2.0 
2005 30.4 13.0 21.7 51 3.0 

* After Fayoum Meteoralog1cal statiOn (Etsa destnct) 
** Calculated by Sammani (2002) equation. 

Solar** Class A* 
radiation pan 

evaporation 
(mm/day) 

5.38 3.7 
5.65 3.2 
4.77 2.5 
4.58 1.8 
5.27 1.8 
5.17 2.0 
7.08 2.1 
6.42 2.6 
8.44 4.0 
8.13 4.0 
10.49 5.1 
10.14 5.3 

At harvest which done on May 4 and 1 in the first and seasond season, 
respectively, the following data were collected for each sub-plot. 
I. Yield and yield components : 

1- Plant height ( cm2J . 
2- Spike number /m . 
3- Grain weight/m2 

4-1000 - grain weight (g). 
5- Grain yield/fed: estimated from the yield <?f the whole sub-plot , in kg/fed. 
6- Straw yield/fed : estimated from the yield iof the whole sub-plot in kg/fed. 

All the collected data were subjected to the statistical analysis according 
to the procedures outlined by Snedecor and Cochran (1980) and the means 
were compared by L.S.D. test at 5.0% level. 
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Table (3). Dates of irrigation for~vheat croiJ_:ts :tffect(!d hy sowing :t!!d i~l"igatio11 regimes during :!003/2004 and :!004/2005 seasons. 
·seasons 2003/2004 2004/2005 

Sowingdates 1 22/11 2/12 12/12 22/11 I 2/12 12/12 
Irrigation i (1,) (h) : (13) i (1,) (12) j (13) (I,) (l2) ; (13) {It) I (l2) (IJT (1,) . (12) (13) (11) (12) (13) 1 
regimes I 30°/., 55% : 80% I 30'Y., 55% I 80% 30'Vo 55% ! 80% 30% 55% 80% . 30°1., ! 55% 80% 30% 55% 80% · 

Number of irrigation 
PI t ... - 1 '1'1/11 J??fll l??/111. ?II? I '1/l') 'Jfi'J I 1'1'1?' ~'1'1 I 1?11'1 ·-··1 I )'1/1 '-,.,,II .I ,,,.., I ?fl? ~.,.., IJ"'J 1211' 1?/1., anJng1rr1g. ~- ........ -- -· _ _,,_ _ _ -~ _ ·- _, ·-' _ -···'• _ ..... 1 ---· _ ,_ _ _ __ _ _,,_ _ _ .. 

1·' irngation 1 1~16/12 i i6/121 26/12 26/12 26/12 I 5/1 I 5/1 ! 5/l 18/12 : 18/1~ ; 18/1::? I 26/12 26/12 26/12 9/1 9/1 9/1 
2"• irrigation i 1/1 i 7/1 1 12/1 I 13/1 20/1 23/1 ! 21/1 I 2911 : · 112 .:1/1 1 9/1 ! 13/1 i 18/1 21/1 2411 31/1 4/2 6/2 
3'" irrigation ! 19/1 ! 30/1 1 16/2 I 2/2 12/2 18/2 I 9/2 I 24/2 : .:1/3 24/1 2/2 ; 17/2 , 8/2 14/2 19/2 : 21/2 1/3 5/3 
.:1" irrigation i 3/2 1 25/2 : 17/3 I 18/2 13/3 1 22/3 I 27/2 i 21/3 I 2/4 11/2 I 25/2 1 17/3 ! 27:'2 12/3 19/3 i 9/3 21/3 28/3 
5'h irrigation I 26/2 [ 21/3 I 1.:1/4 i 9/3 6/.:1 I 16/4 i 16/3 I 13/4 I - .:1/3 i 22/3 : I ::;;4 20.'3 6/4 15/4 26!3 11/4 ! 20/4 
6'" irrigation I 14/3 14/4 ' - : 2/4 - ! - i S/4 1 

·- ! - 22/3 i l5/4 1 - !4/4 - - i 1514 - i -
7'' irrigation i 5/4 1 - i - i - - i - ! - I - i - i 14/4 ; - ! - - - - t - - L 

4/5 i 4/5 4/5 i 4/5 I 1/5 I 1/5 I l/5 I 1/5 i -1/5 1/5 115 1/5 . I 1/5 

!64 I 164 164 i 154 154 144 144 161 161 i 161 j !51 i !51 151 i 141 141 ! 141 i 
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II. Crop water relations: ; 
1. Seasonal consumptive use (ETc). 

For determining the crop water consumptive use (ETc), soil samples were 
taken from each sub-plot, just before and after 48 hours from each irrigation, as 
well as at harvesting time and the ETc between each two successive irrigations 
was calculated according to the following equation (Israelsen and Hansen, 
1962). 
CU or (ETc)= [ ( <1>2- <1>1 ) I 100]. Bd. D 
Where : ETc = Crop evapotranspiration in ern . 

82 = Soil moisture % 48 hours after irrigation. 
81 = Soil moisture %just before irrigation. 

Bd = Soil Bulk density (g/cm3
) . 

D =Soil depth (em). 
2. Daily ETc rate (mm/day)/rnonth . 

Calculated from the consumptive use value of each month , divided by the 
number of days/month. 
3. Reference evapotranspiration (ETo) in mm/day. 

Estimated using the monthly averages of Fayoum climatic data (Table, 2) and 
the F AO Penman-Monteith equation (Aile~ et al. 1998) · 

4. Crop coefficient (Kc). ' · 
The values of Kc were calculated as follows : 

Actual crop consumptive use rate/month (mrn/day) 
Reference evapotranspiration rate/month (mm/day) 

5. Water use efficiency (WUE) 
The WUE, as kg grains/m3 water consumed was calculated for different 

treatments as the method described by Vites (1965) . 
. ·. 

WUE o-= Grain yield (kg/fed.) 

T ·b' 1 (4)Seas.onal ETf (m 3/fted.) f h . 1 fi ld a e . The sot mo1s ure constants o t e expenmenta 1e 
(average of the two seasons) 

Soil depth Field 
(em) Capacity 

(%) 
0-15 35.42 
15-30 32.42 
30-45 30.42 
45-60 28.89 

RESULTS AND DISCUSSION 
I-Yield arfd yield components: 
1. Yield components: 

Wilting 
point(%) 

17.42 
16.99 
15.02 
14.69 

Available Bulk density 
moisture (g/cm3

) 

(%) 
18.00 1.49 
15.43 1.51 

' 
15.40 1.57 
14.20 1.52 

The results presented in Table (5) reveal that delaying sowing date from 
22 Nov. to 2 Dec. or 12 Dec., significantly decreased all yield components 
measured in both seasons. Sowing wheat on 22 Nov., gave the highest averages 
of plant height, spike number/m 2 , grain weight/rn 2 and 1 000-grain weight in 
both seasons. However, delaying sowing from 22 Nov. to 2 Dec., significantly 
decreased plant height, spike number/m 2 , grain weight/m 2 and 1 000-grain 
weight in 2003/2004 season by 8.65%, 9.32%, 6.50 and 7.96%, respectively, 
and spike number/m 2 , grain weight/m 2 and 1 000-grain weight in 2004/2005 
season by 11.42%, 5.56% and 8.47%, respectively, while plant height did not 
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significantly differed. Mate over, delay in sowing from 22 Nov. to 12 Dec., 
signifi9antly reduced plant height, spike number/m 2 , grain weight/m 2 and 
1000-grain weight in 2003/2004 season by 1123.5%, 12.56%, 12.7% and 
14.12%, respectively, and in 2004/2005 season by 11.7%, 29.85%, 14.45% and 
18.33%, respectively. These results may be due to the effect of low temperature 
during the early vegetative growth in countered the late sowing plants, which 
reduced tillering, stem elongation and dry matter accumulation in plant organs. 
The obtained results are in the same line with those reported by N azir et al. 
(1980), Tomar and Verna (1985), El-Morshidy et al. (1998), Gupta et al. 
(2004) and Rajput and Pandey (2004). 

Regarding, the effect of irrigation regime treatments, data recorded in 
Table (5) show that wheat yield components were significantly affected by 
irrigation regimes in both seasons. Irrigation wheat plants at 30% ASMD gave 
the highest averages of yield components, whereas irrigation at 80% ASMD 
gave the loW"est ones in both seasons. Increasing available soil moisture 
depletion from 30% to 55% ASMD, in 2003/2004 season significantly 
decreased plant height, spike number/m 2 , grain weight/m 2 and 1 000-grain 
weight by 3.83%, 5.6%, 4.24% and 9.44%, respectively. However, in 
2004/2005 season, spike number/m 2 , grain weight/m 2 and 1 000-grain weight 
were ·significantly decreased by 7.55%, 4.98% and 3.87%, respectively, while 
plant height did not significantly differ. More increase in the soil moisture 
depletion from 30% to 80% resulted in a remarkable reduction in plant height, 
spike number/m 2 , grain weight/m 2 and 1 000-grain weight in 2003/2004 season 
equal to 8.7%, 27.8%, 29.6% and 14.32%, respectively and in 2004/2005 
season equal to 20.9%, 21.0%, 22.3% and 17.61%, respectively. It is obvious 
that increasing ASMD caused a significant decrease in wheat yield components. 
These results may be referred to the effect of moisture stress on reducing 
photosynthesis, cell division, stem elongation, leaf area, leaf duration, tillering 
and dry matter accumulation in plant organs.· The obtained results are in 
consistent with those found by Meyer and Green (1980), Yousef and Eid 
(1994), Yousef and Hanna (1998), Yousef and Eid (1999), Hussain et al. 
(2003) and Y ousef and Ashry (2006) 

The data listed in Table (5) indicate that all yield components were 
significantly affected by the interaction between sowing dates and irrigation 
regimes in both seasons. The highest averages of plant height, spike 
number/m 2 , grain weight/m 2 and 1000-grain weight were detected from 
sowing on 22 Nov., and irrigation at 30% ASMD in both seasons. However, the 
lowest averages of the mentioned yield components were resulted from late 
sowing (12 Dec.) and irrigation at 80% ASMD (D313) in both seasons. It could 
be concluded that early sowing and irrigation at low soil moisture depletion 
resulted in higher yield components under Fayoum conditions. 

2. Grain and Straw yields . 
The obtained results in Table (5) revea1 that the averages of grain and 

straw yields were significantly differed due to sowing dates in both seasons. 
Sowing wheat on 22 Nov. gave the highest grain yields, i.e 1416.5 and 1484.6 
kg/fed and highest straw yields, i.e. 3316.1 and 3477.3 kg/fed in 2003/2004 and 
2004/2005 seasons, respectively Delaying sowing date from 22 Nov. to 2 Dec. 
significantly decreased grain yields by 6.49% and 3.34% and straw yields by 
11.49% and 11.04% in the two successive seasons, respectively. However, the 
grain and straw yields of 22 Nov. sowing, surpassed tho~e of 22 Dec. sowing in 
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2003/2004 season by 12.66% and 24.67%, respectively, and in 2004/2005 
season by 12.43% and 25.65%, respectively. It is evident that delaying sowing 
date than 42 Nov. significant by decreased grain and straw yields. These results 
may be attributed to the effect of delaying sowing date on yield components 
and number of tillers/plant as well as decreasing the vegetative growth period 
duration. These results are in harmony with those reported by Nazir et al. 
(1980), Sufian et al. (1983), Hegab et al. (1984), Tamar and Verna (1985), 
Ibrahim et al. (1986), EI-Morshidy (1998), Gupta et al. (2004) 'and Rajput 
and Pandey (2004). 

Concerning the effect of irrigation regime treatments, data recorded in 
Table (5) indicate that irrigation regimes have significant effects on grain and 
straw yields in both seasons. Irrigation at 30% ASMD gave the highest 
averages of grain and straw yield in 2003/2004 season, i.e. 1495.1 and 3099.2 
kg/fed, respectively and in 2004/2005 seasoq, i.e. 1559.9 and 3270.4 kg/fed., 
respectively. Grain and straw yields detected from irrigation at 3_9% ASMD 
over yielded those, obtained from irrigation at 55% ASMD in 2003/2004 season 
by 4.25% and 5.82%, respectively, and in 2004/2005 season by 4.99% and 
6.59%, respectively. However, subjecting wheat plants to more water stress by 
irrigation at 80% ASMD significantly decreased grain and straw yields in 
2003/2004 season by 29.67% and 11.87%, respectively, and in 2004/2005 
season by 24.5% and 13.44%, respectively, comparing to irrigation at 30% 
ASMD. It could be revealed that subjecting wheat plants to water stress by 
irrigation at high ASMD (long intervals) significantly decreased grain and straw 
yields/fed. Such findings may be referred to the effect of water stress on 
reducing growth attributes, plant height, spike number/m 2 , grain weight/m 2 

and 1 000-grain weight. These results are in. agreement with those found by 
Doorenbos et al. (1979), EI-Sayed (1982), Metwallly et al. (1984), Abdel­
Mottaleb and Metwally (19.92), Y ousef and Hanna (1998), Hussain et al. 
(2003) and Y ousef and Ashry. (2006). 

-' Results in Table (5) show that wheat grain and straw yields were 
significantly affected by the interaction between sowing dates and irrigation 
regime treatments in both seasons. The highest grain yield; i.e. 1566.0 and 
1656.1 kg/fed and highest straw yield, i.e'. 3625.9 and 3824.4 kg/fed in 
2003/2004 and 2004/2005, respectively, were detected from sowing wheat on 
22 Nov. and irrigation at 30% ASMD (D1I1 treatment ) However, late sowing 
on 12 Dec. and irrigation at 80% ASMD (D3I3 treatment) gave the low~st grain 
yield (929.0 and 1099.6 kg/fed.) and lowest straw yield (2440.3 and 2509.2 
kg/fed.) in 2003/2004 and 2004/2005 seasons, respectively. It could be 
concluded that sowing wheat on optimum date and irrigation at low ASMD 
significantly increased grain and straw yields. 
II. Crop water relations: 
1. Seasonal consumptive use (ETc). 

The results presented in Table (6) indicate that seasonal consumptive use or 
evapotraspiration (ETc) of wheat crop, as a function of sowing dates and 
irrigation regime treatments were; 40.40 em and 39.70 em in 2003/2004 and 
2004/2005 seasons, respectively. The difference may be due to the variation in 
climatic factors of the two seasons (Table, 2). Sowing wheat on 22 Nov. gave 
the highest values of wheat ET, i.e. 43.48 and 42.82 em in the two successive 
seasons. Delaying sowing date from 22 Nov. to 2 or 12 Dec. decreased seasonal 
ETc in 2003/2004 season by 5.06% and 13.87%, respectively, and in 2004/2005 
season by 7.94% and 13.94%, respectively. It i's obvious, that 
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Table (5). Effect of sowing date, irrigation regime treatments and their interaction on wheat yield and yield ~ 

components during 2003/2004 and 2004/2005 seasons. §2 

Treatments 2003/2004 
Sowing Irrigation Plant Spike Grain 1000- Grain Straw 
dates regimes height number weight/ grain yield/fed. yield/fed. 

(ASMD) (em) /m2 m2 (g) weight (g) (k!!) (k!!) 

(D.) 11:30% 76.8 274.0 372.8 51.50 1566.0 3625.9 
22/11 h: 55% 73.5 267.0 353.9 44.25 1486.4 3217.3 

13: 80% 68.0 199.0 285.4 40.63 1197.0 3105.1 
Mean 72.8 246.7 337.4 45.46 1416.5 3316.1 

(D2) II: 30% 69.5 251.0 356.0 44.75 1495.2 3133.4 
2/12 h: 55% 66.0 232.0 345.2 42.13 1449.8 3023.2 

13: 80% 64.0 188.0 244.9 38.63 1028.6 2648.4 
Mean 66.5 223.7 315.4 41.84 1324.5 2935.0 

(D3) I1: 30% 57.2 247.0 339.0 40.75 1423.7 2538.3 
12/12 I2: 55% 56.2 230.0 323.4 38.25 1358.3 2515.5 

I3: 80% 53.8 170.0 221.2 38.12 929.0 2440.3 
Mean 55.7 215.7 294.5 39.04 1237.1 2498.0 

Means of irrigation: 
11:30% ASMD 67.8 257.3 355.9 45.67 1495.1 3099.2 
l2: 55% ASMD . ' 65.2 243.0 340.8 41.54 1431.5 2918.7 
l3: 80% ASMD 61.9 185.7 250.5 39.13 1051.5 2731.3 
L.S.D.: 5% 

·D. 0.910 1.759 0.948 0.558 1.413 1.413 
I. 0.712 1.510 0.607 0.627 0.858 0.858 

Dxl i.234 2.616 0.051 1.087 1.486 1.486 

2004/2005 
Plant Spike Grain 1000-
height number weight/ grain 
(em) /mz m2 (g) weight (g) 
87.50 326.50 394.30 43.00 
83.75 311.25 369.60 42.63 
63.75 220.75 321.50 39.25 
78.33 286.17 361.80 41.63 
86J5 286.50 376.70 41.38 
83.25 242.75 365.40 40.75 
62.50 228.25 282.90 32.18 
77.50 253.5 341.67 38.10 
71.25 205.50 343.20 38.13 
68.50 199.50 323.60 34.38 
67.75 197.25 261.80 29.50 
69.17 200.75 !309.53 34.00 

• 
81.80 1272.8 371.4 40.83 
78.5 252.2 352.9 39.25 
64.7 i 215.4 288.7 33.64 

7.03 8.51 16.16 1.49 
4.63 11.31 14.03 1.36 
8.02 19.59 N.S 2.36 

Grain 
yield/fed. 

(kg) 

1656.1 
1552.3 
1245.4 
1484.6 
1582.1 
1534.7 
1188.2 
1435.0 
1441.4 
1359.1 
1099.6 
1300.0 

1559.9 
1482·:0 
1177.7 

-

15.18 
7.12 
12.34 

Straw 
yield/fed. 

(kg) 

3824.4 
3378.2 
3229.3 
3477.5 
3321.4 
3204.7 
2754.3 
3093.5 
2665.3 
2581.5 
2509.2 
2585.3 

3270.4 
3054.8 
2830.9 

2.45 
1.21 
2.10 
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delaying sowing date of wheat resulted in decreasing seasonal consumptive use. 
These results may be referred to that delaying sowing dates may decrease the 
crop growing period, especially vegetative growth period and vegetative growth 
attributes, as well as number of applied irrigations. 

Regarding the effect of irrigation regime treatments, data recorded in 
Table (6) show that irrigating wheat plants at 30% ASMD (short intervals) 
produced the highest values of ETc, i.e. 42.75 and 42.33 em in 2003/2004 and 
2004/2005 seasons, respectively. The lowest ETc values, i.e. 38.01 and 37.37 
em were resulted from irrigation at 80% ASMD in the two successive seasons. 
However, irrigation at 55% ASMD decreast(d ETc by 5.38% and 6.94% in 
2003/2004 and 2004/2005 seasons, respectively. It could be concluded that 
increasing the available soil moisture in the root zone of wheat plants caused 
increase in ETc/season. These results may be due to the high transpiration rates 
from plants and high evaporative demands from soil under high available 
moisture, whereas under water ·-stress, the transpiration from plants may 
decreased as a result of poor vegetative growth, also the evaporation decreased 
from dry soil surface. These results are in accordance with those reported by 
Doorenbos et al. (1979), El-Sayed (1982) Metwally et al. (1984), Abdel­
Mottale and Metwally (1992), Yousef and Hanna (1998) and Y ousef and 
Ashry (2006) . 

The data listed in Table (6) indicate that sowing wheat on 22 Nov. and 
irrigation at 30% ASMD gave the highest values of ETc, i.e. 46.18 and 45.43 
em in 2003/2004 ad 2004/2005 seasons, respectively. However, the lowest ETc 
values, i.e. 37.45 and 34.85 em in the two successive seasons were detected 
from interaction between sowing on 12 Dec. and irrigation at 80% ASMD. 

Table (6). Effect of sowing date, irrigation regime treatments and their 

Sowing 
dates (D) 

!(DI) 22/11 
I (D2) 2/12 
I !D3) 12/12 
Mean 

interaction on .seasonal consu~ptive use (ETc) of wheat in 
2003/2004 and 2004/2005 seasons. 

2003/2004 2004/2005 
Irrigation rel!imes (ASMD) Irrigation re~imes (ASMD) 
(II) (lz) (IJ) Mean (II) (lz) (IJ) Mean 

30% 55% 80% 30% 55% 80% 
46.18 43.43 40.84 43.48 45.43 42.80 40.24 42.82 
42.19 40.80 37.85 40.28 42.19 39.05 37.03 39.42 
39.87 37.12 35.35 37.45 39.38 36.32 34.85 36.85 
42.75 40.45 38.01 40.40 42.33 39.39 37.37 39.70 

2- Daily ETc (mrn/day). 
The results presented in Table (7) show that the daily ETc rates as 

influenced by different treatments tested in both seasons were started with low 
values during Nov. and decreased more during Dec.,· increased again during 
Jan. and Feb. to reach their maximum values on March. Thereafter, it 
redecreased again during April and May (plant harvesting). These results are 
referred to that at the initial growth stage, most of the water loss is due to 
evaporation from the bare .soil (germination and seedling. stages) and the 
reduction in ETc rate during Dec. was due to the decrease in evaporative 
demands (temperature and soil radiation). Thereafter, as the plant· cover and 
temperature increased, evaporation increased and transpiration took place 
beside it, then transpiration and evaporation reached maximum values during 
heading and grain filling stages (March), while at maturity stage the plants 
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tended to be dry and the ETc rate redecreased again during April and May 
(harvesting). The results of Table (7) indicate that the highest values ofETc rate 
during all· months of the two growing seasons duration (Nov.-May) were 
resulted from early sowing date (22 Nov.). However, delaying sowing date to 
12 Dec. gave the lowest values of daily ETc rates in all growing season months 
for 2003/2004 and 2004/2005 seasons. It could be revealed that delaying 
sowing date after 22 Nov. resulted in decreasing the daily ETc rate of wheat 
during all months of the growing season. 

Data presented in Table (7) show that the daily ETc rates of wheat during 
the growing season months (Nov. to May) of both seasons, were increased by 
irrigation at 30% ASMD, than the same values resulted from irrigation at 55 or 
80% ASMD. It is obvious that increasing the available moisture in wheat root 
zone (irrigation at short intervals) resulted in increasing the ETc rate during the 
growing season duration months. These results are in the same line of those 
reported by Y ousef and Eid (1994) and Yousef and Ashry (2006). 

3. Reference evapotranspiration (ETO) 
Reference evapotranspiration rates (ETO) in mm/day during the months of 

wheat growing seasons, i.e. 2003/2004 and 2004/2005, estimated using the 
F AO Penman-Monteith method and the meteorological data of Fayoum 
Governorate are recorded in Table (8).The obtained data indicated thai the ETO 
rate values were somewhat high during Nov., then decreased during Dec. and 
Jan. months. Thereafter, the daily rates of ETo increased from Feb. till May, in 
both seasons. These results may be attributed to the variation in climatic factors 
from one month to another. Allen et al. (1998) reported that the reference ET 
values depend mainly on the evaporative power of the air at each area, i.e. 
temperature, radiation, relative humidity and wind speed. 

4. Crop coefficient (Kc). · 
The crop coefficient (Kc) reflects the crop cover percentage on the 

reference ET values. Therefore, the Kc values were calculated from the daily 
consumptive use rates (Table, 7) and the daily ETO rates (Table, 8) for each 
month during the two growing seasons of wheat crop. The results presented in 
Table (8) show that the Kc values, as a function of sowing dates and irrigation 
regimes (over all mean) were low during Nov. and Dec. months (initial growth 
period), then increased during Jan. (0.68 and 0.66) and Feb. (0.81 and 0.79), as 
the vegetative growth increased to booting stage. The Kc values reached its 
maximum values, i.e. 0.96 and 0.94 during March (heading-grain filling stage). 
The Kc values redecreased again during Apr. (0.69 or 0.70), ·as plants started 
maturity and reached minimum values on May (0.50 or 0.49) at harvesting. 

These results may be attributed to the large diffusive resistance of bare 
soil during the initial growth stage (germination and seedling stages), which 
decreased gradually with increasing the crop cover until heading and grain 
filling stages. At maturity stage (Apr.) the transpiration decreased, as a result of 
leaves and stem drying causing the low values of Kc during Apr. and May 
months. The data recorded in Table (8) reveal that delaying sowing date from 
22 Nov. to 2 Dec. or 12 Dec. decreased the Kc values during the months of the 
two growing seasons sowing on 22 Nov. gave the highest Kc values during the 
growing season months in both seasons. On the other hand, increasing the 
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Table (7). Effect of sowing date, irrigation regime treatments and their intedction on daily ETc rate of • 
wheat crop during 2003/2004 and 2004/2005 seasons. 

Treatments 2003/2004 2004/2005 
Sowing Irrigation 

I 
dates regimes Nov. Dec. Jan. Feb. Mar. Apr. May Nov. Dec. Jan. Feb. Mar. Apr. May 1 

(ASMD) _, 

(Dt) II: 30%, 1.52 1.46 1.67 3.02 4;45 3.72 3.49 1.63 1.43 1.94 3.04 4.08 3.65 3.51 
22/11 h: 55% 1.43 1.35 1.56 2.86 '4.17 3.52 3.36 1.54 1.39 1.83 2.90 3.75 3.46 3.26 

13: 80% 1.46 1.30 1.50 2.66 3.77 3.38 3.23 1.48 1.26 1.73 2.67 3.52 3.33 3.14 
Mean 1.47 1.37 1.58 2.85 4.13 3.54 3.36 1A55 1.36 1.83 2.87 3.78 3.48 3.30 

(D2) 2/12 II: 30% 1.43 1.28 1.52 2.83 4.01 3.43 3.23 1.51 1.47 1.81 2.84 3.64 3.46 3.08 
I2: 55% 1.43 1.24 1.43 2.73 3.85 3.38 3.11 1.51 1.24 1.68 2.57 3.41 3.23 2.96 
h: 80% 1.40 1.18 1.31 2.47 3.57 3.14 3.04 1.48 1.19 1.60 2.44 3.30 2.96 2.77 

Mean 1.42 1.23 1.42 2.68 3.81 3.32 3.13 1.50 1.30 1.70 2.62 3.45 3.22 2.94 
(DJ) II: 30% 1.46 1.28 1.43 2.57 3.65 3.38 3.11 1.54 1.26 1.70 2.64 3.34 3.28 3.08 
12/12 h: 55% 1.43 1.20 1.29 2.40 3.49 3.04 3.04 1.48 1.17 1.57 2.47 3.19 2.86 2.77 

I3: 80% 1.40 1.13 1.20 2.31 3.33 2.90 2.85 1.48 1.11 1.47 2.34 3.08 2.77 2.77 
Mean 1.43 1.20 1.31 2.43 3.49 3.11 3.00 1.50 1.18 1.58 2.48 3.20 2.97 2.87 

Means of irrigation: 
It: 30% ASMD 1.47 1.34 1.54 2.81 4.04 3.51 3.28 1.56 1.39 1.82 2.84 3.69 3.46 3.22 
12:·55% ASMD 1.43 1.26 1.43 2.66- 3.84 3.31 3.17 1.51 1.29 1.69 2.65 3.45 3..18 3.00 
l3: 80% ASMD 1.42 1.20 1.34 2.48 3.56 3.14 3.04 1.48 1.19 1.60 2.48 3.30 3.02 2.89 
Over all mean 1.44 1.27 1.44 2.65 _3.81 L_3.J~ 3.16 1.52 1.28. 1.70 2.66 3.48 3.22 3.04 
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Table (8). The values of daily reference evapotranspiration rates (ETo) in mm/day and monthly crop 
coefficient (Kc) during the months of wheat growing seasons 2003/2004 and 2004/2005 under 

· date and irri!!ation re!!ime treatment 
Treatments 2003/2004 2004/2005 

Sowing Irrigation 
dates regimes Nov. Dec. Jan. Feb. Mar. Apr. May Nov. Dec. Jan. Feb. Mar. Apr. May 

(ASMD) 
Reference ET (ETo) 2.81 2.14 2.11 3.25 3.97 4.83 6.34 2.97 2.17 2.58 3.34 3.71 4.62 6.16 

(Dt) It: 30% 0.54 0.68 0.79 0.93 1.12 0.77 0.55 _.,0.55 0.66 0.75 0.91 1.10 0.79 0.57 
22/11 h: 55% 0.51 0.63 0.74 0.88 1.05 0.73 0.53 0.52 0.64 0.71 0.87 1.01 0.75 0.53 

13: 80% 0.52 0.61 0.71 0.82 0.92 0.70 0.51 0.50 0.58 0.67 0.80 0.95 0.72 0.51 
Mean 0.52 0.64 0.75 0.88 1.04 0.73 0.53 0.52 0.63 0.71 0.86 1.02 0.75 0.54 

(D2) It: 30% 0.51 0.60 0.72 0.87 1.01 0.71 0.51 0.51 0.65 0.70 0.85 0.98 0.75 0.50 
2/12 h: 55% 0.51 0.58 0.68 0.84 0.97 0.70 0.49 0.51 0.57 0.65 0.77 0.92 0.70 0.48 

h: 80% 0.50 0.55 0.62 0.76 0.90 0.65 0.48 0.50 0.55 0.62 0.73 0.89 0.64 0.45 
Mean 0.51 0.58 0.67 0.82 0.96 0.69 0.49 0.51 0.59 0.66 0.78 0.93 0.70 0.48 

(D3) It: 30% 0.52 0.60 0.68 0.79 0.92 0.70 0.49 0.52 0.58 0.66 0.79 0.90 0.71 0.50 
12/12 12: 55% 0.51 0.56 0.61 0.74 0.88 0.63 0.48 0.50 0.54 0.61 0.74 0.86 0.62 0.45 

13: 80% 0.50 0.53 0.57 0.71 0.84 0.60 0.45 0.50 051 0.57 0.70 0.83 0.60 (}.45 
Mean 0.51 0.56 0.62 0.75 0.88 0.64 0.47 0.51 0.54 0.61 0.74 0.86 0.64 0.47 

-Means of irrigation: 
lt:30%ASMD 0.52 0.63 0.73 0.86 1.02 0.73 0.52 0.53 0.63 0.70 0.85 0.99 0.75 0.52 
l2: 55% ASMD 0.51 0.59 0.68 0.82 0.97 0.69 0.50 0.51 0.98 0.66 0.79 0.93 0.69 0.49 i 

l3: 80% ASMD 0.51 0.56 0.63 0.76 0.90 0.65 0.48 0.50 0.55 0.62 0.74 0.89 0.65 0.47 1 

~yer alL!!J.ean __ _0.51_ 0.59· 0.68 0.81 0.96 0.69 0.50 0.51 0.59 0.66 0.79 0.94 0.70 0.49 
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ASMD decreased the Kc values during the growing season months in both 
season. The higl}est Kc values during the growing seasons months were resulted 
from irrigation at 30% ASMD, whereas the lowest ones were detected from 
irrigation at 80% ASMD. These results were true in both seasons. The Kc 
values of wheat, as a function of different t~eatments were 0.51, 0.59, 0.67, 
0.80, 0.95, 0.69 and 0.49 for Nov., Dec., Jan., Feb., Mar., Apr. and May, 
respectively, (average ofthe two seasons). Such findings are in the same' line of 
those reported by Doorenbos et al. (1979), Y ousef and Hanna (1998), and 
Y ousef and Ashry (2006). 
5. Water use efficiency (WUE). 

The results presented in Table (9) show that the WUE. values, as affected 
by sowing date and irrigation regime treatments were; 0.778 and 0.842 kg 
grains/m3 water consumed in 2003/2004 and 2004/2005 seasons, respectively. 
The highest water use efficiency value in 2003/2004 season was 0.782 kg 
grains/m3 water cop.sumed, obtained from sowing wheat on 12 Dec. However, 
in 2004/2005 season, the highest WUE values, i.e. 0.864 kg grains/m3 water 
consumed, was detected from 2 Dec. sowing. These results may be referred to 
that in 2003/2004 season, the grain yield of 12 Dec. sowing was decreased 
compared to the 2 Dec. sowing by 6.56%, while ETc was decreased by 7.02%. 
However, in 2004/2005 season the grain yield of 12 Dec. sowing was decreased 
by 9.41%, while ETc decreased by 6.52%, compared to 2 Dec. sowing .On the 
other hand, the lowest WUE values, i.e. 0.773 and 0.823 kg grains/m3 water 
consumed in 2003/2004 and 2004/2005 seasons, respectively, were obtained 
from early sowing of 22 Nov. These results :found to be true, since the early 
sowing gave the highest grain yield, but the consumptive use was also higher. It 
could be concluded that for hi~h grain production when water is more available 
the early sowing during the 2n half of Nov., may be preferable, but when water 
is scarcer, it is preferable to· delay sowing to 2 Dec. in order to obtain high 
WtlE. Data listed in Table (9) reveal that the highest WUE values, i.e. 0.844 
and 0.897 kg grains/m3 water consumed in 2003/2004 and 2004/2005 seasons, 
respectively, were detected from irrigating wheat plants at 55% ASMD. 
However, irrigation at 80% ASMD gave the lowest WUE values, i.e. 0.657 and 
0.751 kg grains/m3 water consumed in the two successive seasons, respectively. 

Irrigation at 30% ASMD decreased WUE values compared to irrigation 
at 55% ASMD by 1.18% and 2.23% only in 2003/2004 and 2004/2005 seasons, 
respectively. These results may be due to that irrigation at 55% ASMD 
decreased grain yield by 4.25% and 4.99%, while seasonal ETc was decreased 
by 5.38% and 6.95%, in the two successive seasons, compared to irrigation at 
30% ASMD. These results are in agreement with those reported by Abdel­
Mottaleb and Metwally (1992), and Yousef and Eid (1999). 

The data recorded in Table (9) show that the WUE values, as a function 
of the interaction between sowing date and iirigation regime treatments, were 
different from one season to the another. In the first season, planting wheat on 
12 Dec. and irrigation at 55% ASMD gave the highest WUE., i.e. 0.871 kg 
grains/m3 water consumed. . . 

However, in the second season, sowing on 2 Dec. and irrigation at 55% 
ASMD, gave the highest WUE (0.936 kg grains/m3 water). On the other hand, 
the lowest WUE values, i.e. 0.626 and 0.737 kg grains/m3 water consumed 
were resulted from irrigation at 80% ASMD with 12 Dec. and 22 Nov. sowing 
dates in 2003/2004 and 2004/2005 seasons, respectively. 
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Table (9). Effect of sowing date, irrigation regime treatments and their 

interaction on water use efficiency (kg grains/m3 water 
consumed) of wheat crop in 2003/2004 and 2004/2005 seasons. 

Sowing 2003/2004 2004/2005 
dates (D) Irri!!ation re!!imes (ASMD) Irrigation regimes (ASMD) 

(II) (12) (13) Mean (II) (12) (13) Mean 
30% 55% 80% 30% 55%' 80% 

,(0 1) 22/11 0.807 0.815 0.698 0.773 0.868 0.864 0.737 0.823 
[(02) 2/12 0.844 0.846 0.647 0.779 0.893 0.936 0.764 0.864 
I (OJ) 12112 0.850 0.871 0.626 0.782 0.871 0.891 0.751 0.838 
Mean 0.834 0.844 0.657 0.778 0.877 0.897 0.751 0.842 
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