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DRIP IRRIGATION MANAGEMENT FOR WHEAT 
UNDER CLAY SOIL CONDITIONS 

R. M. EI-Nadyl, H. M. Mostafa:Z, M. A. Awad:Z and M. Y. EI-Ansary:Z 

ABSTRACT 
Egypt has been suffering from severe water scarcity in recent years. 

Uneven water distribution, misuse of water resources and inefficient 
irrigation techniques are some of the major factors playing havoc with 
water security in the country, so maximi=ing water productivity is one of 

the most important strategies in del'eloping countries like Egypt. 
Therefore. the aim ofthis study was to inl'l:'stigale the management ofdrip 

irrigation of or wheat grown under clay soil conditions to persuade 
farmers to use drip irrigation systems in their clay soil fields. at best 

management. as a tool for maximi=ing crop yield increasing water 
productivity (Water Use Efficiency, WUE) and saving water to irrigate 

new areas. A field experiment was conducted to study the effect of drip 
irrigation lateral arrangements (double irrigation lateral lines and single 

lateral line per bed) and irrigation intervals (4, 8, and 12 days) on yield 
and water productivity of wheat crop. Results revealed that the grain 

yield was slightly affected by irrigation intervals under double and single 
line per bed. However, the highest grain yield was 3.438 ton/fed at 8 days 
irrigation interval with double irrigation lateral lines. Also, the grain 
yield obtained at 8 and 12 days intervals with single lateral line (2.914 

and 2.802 ton/fed. respectively), were higher compared with 4 days under 
single line treatment. The highest value afwater productivity (Water Use 

Efficiency, WUE) for grain yield was (/.835 kglm3
) achieved for 

treatment of 4 days intervals with double lateral lines, meanwhile the 
./	 lowest value was 1.25 kg/m3 at 12 days intervals under single lateral line. 

Data also revealed that water saving for 8 days under double lines was 

13.44% comparing with 12 days under single line per bed. 
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IRRIGATION AND DRAINAGE -
It can be concluded that the drip irrigation trealment of8 days irrigation 

inten'al with double lateral lines showed an effective and recommended 
way for drip irrigated intensive field crops (wheat), under clay soil 
conditions in old land of Egypt. As well as, applying drip irrigation 
resulted in 49.2 % of water saving, and WUE increased by 243 % 

compared with traditional surface irrigation method 

Key words: Drip irrigation, water productivity, wheat irrigation. 

INTRODUCTION 

E gypt faces a very challenging situation regarding decreasing 
water availability and the area of arable land specified for wheat 
production (Boutros, 2013). Most small farmers (those with land 

property of 3 fadden or less) tend to cultivate their land (including wheat) 
for consumption purposes, selling the excess for income generation 
(RISE, 2014). Small farmers are represented by the 70% of Egypt's poor 
living in rurai areas (IFAD, 2012). On the other hand, field application 
efficiency in most traditional irrigation methods is still very low, typically 
less than 50 % and often as low as 30 % (Molden,2007). Excessive 
application of water generally entails losses because of surface run-off 
from the field and because of deep percolation below the root zone within 
the field. Both run-off and deep percolation losses are difficult to control 
under surface irrigation system, where a large volume of water is applied 
at a single instance. 
Egypt is the largest wheat (Triticum aestivum, L.) importer worldwide 
(Gazette, 2013). According to FAO (2012), the area of cultivated wheat 
in Egypt is 1,336,234 hectares and the yield that comes out of it is 6.58 
tons per hectare, resulting in a total wheat production of around 8,795,483 
tons and domestic wheat consumption in Egypt was 19,100,000 tons. 
With constant population growth and decreasing arable land in Egypt, the 
risk to demand levels is ever increasing. In 2010, according to the FAO, 
Egypt imported 10,593,506 tons of wheat in addition to the consumption 
ofthe domestic production (Boutros, 2013). 
Bashour and Nimah (2004) reported that trickle irrigation saves about 
50% of the water used in surface irrigation. Aujla et al. (2007) reported a 
saving of 25% water on drip irrigation as compared with furrow 
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irrigation. Ibragimov ct al. (2007) compared drip and furrow irrigation, 
obtaining that 18-42% G;- the irrigation water was saved with drip systems 
in comparison with furrow, and the WUE increased by 35-103% 
compared with furrow irrigation. 
The shape and total vol lime of the wetted soil below an emitter varies 
widely with the soil hydraulic parameters, number of emitters, discharge 
rate and irrigation frequency. It needs to be determined so that the crops 
could be provided with an adequate wetted soil volume to meet their 
water requirements (Kao and »unt, 1996; AI-Qinna et al., 2001). 
Particularly in drip irrigation, the distribution of dissolved salts in the soil 
profile follows the pattern of the water flux with the tendency for 
accumulation at the periphery· of the wetted soil mass, and the salt 
accumulation is much greater near the surface than at the deeper layers 
and increases with distance from the emitters (Wang et al., 2011). 
The aim of this work was to study the effect of different irrigation 
treatments (single drip lateral line per bed and double drip lateral lines per 
bed) and irrigation intervals on soil moisture and salt distribution patterns, 
vegetative growth, yield and WUE of wheat (Triticum aestivum 
(vulgare)}. 

MATERIALS AND METHODS 
Site Description: 
To achieve the objectives of this study, two years field experiment was 
conducted in a private land at Village Damalo, Banha, Kalyobia 
Governorate, Egypt, which located at latitude 31 0 27' N and longitude 31 0 

10' E during the growing seasons of years 2013 - 2014 and 2014 - 2015 in 
winter season. The growing season for wheat extends from mid
November to early -May. The dominant soils of the experimental site 
were clay textured throughout the profile (21.57% coarse sand, 1.75% 
fine sand, 27.14% silt and 49.54% clay). The field capacity, wilting point 
and electric conductivity values were 36%, 17.25% and 0.5 dSm-1 

respectively. 
Irrigation Systems Description: 
Polyethylene (PE) laterals of 16mm outer diameter with 18m length, 
which has built-in drippers with discharge of 4 Ih- I /30cm spacing at 1.0 
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bar operating pressure were installed at a distanoe of 130 em apart in the 
treatment of single lateral line per bed and at a distance of 65 em apart in 
the treatment of double line per bed. The irrigation intervals treatments 
were 4, 8 and 12 days. Each plot had the required volume of applied 
water according to the water requirements of wheat based on Central 
Laboratory for Agricultural Climate (CLAL) data. The irrigation time for 
double line treatments was half the calculated time for single line. Fig (1) 

shows a schematic of experimental layout. 
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Figure (1): Field layout for experimental area and system design 
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The experimental plots were planted with wheat (Triticum aestivum 
(vulgare) Giza 168) on November in the two successive seasons 2014 and 
2015. Soil was prepared and planted at a seed rate of 125 kglha. The 
harvest was done on May 6th in 2014 and 2015, after 180 days from 
sowing of wheat. Yield, yield components and plant characteristics were 
measured. The maturity data were collected on grain yield, straw yield 
and harvest index in order to assess wheat crop phenology and evaluate 
the effects of irrigation treatments on it. 
Crop water requirement: 
Daily evapotranspiration (ETo) values were obtained from CLAC 
expected data which always available 5 days in advance. Kc for wheat 
during the growing season was obtained from FAO (2001). The obtained 
ET0 and Kc were used to calculate water requirement for wheat 
(m3/fed/irrigation) by the following equation of Keller and Karmeli, 
1974: 

ETO* Kc* Kr* II +LR]X4.2 

IW I Irrigation water applied under drip irrigation system, m /fed/ irrigation. 

IVV I = [ ~I 

Where: 
3

= 

ETo= Reference evapotranspiration (mm/day). 

Kc =Crop coefficient. 

Kr = Reduction factor 

II =Irrigation intervals with drip irrigation system, day. 

Ea. = Irrigation efficiency of drip irrigation system, %. 

LR = Leaching requirement (10% of the total amount water), m3/fed/irrigation. 

Soil moisture distribution: 
Soil moisture distribution "SMD" was determined according to Liven 
and Van Rooyen (1979). Samples were taken by using auger after 
irrigation throughout the season from perpendicular to the lateral line, at 
0, IS and 30 cm from the emission point throughout the root zone at 

.depths of 0 - 20, 20 - 40 and 40 - 60 cm after irrigation for different 
irrigation treatments (4, 8 and 12 day under single and double lateral lines 
per bed). SURFER (Version 10) was used to develop the contour maps 
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for moisture and salt distribution pattern. Soi1 moisture content was 
determined as a percentage on dry weight base as follows: 

S.M.C = 100 (Wt - WI) I WI 
Where: 
W t = weight ofthe wet soil sample (g) 
W1 = weight of the oven dried soil sample (g) at 105°C for 24 hours. 
Salt Distribution Patterns: 
Soil salinity content was measured for all treatments in saturated soil 
extract (I :5) and determined by measuring electrical conductivity for all 
soil samples. Electrical conductivity (EC) in dS/m for each gravimetric 
soil sample has been measured using EC meter. The same procedure in 
deriving moisture pattern for the moisture distribution pattern was used in 
obtaining the contour maps for the salt distribution pattern for each 
irrigation treatment. 
Growth and yield parameters: 
For estimating growth parameters, a random sample of five plants from 
each plot was taken at 80, 100 and 120 days after planting in both seasons 
to obtain plant height (cm), number of tillers, number of grains per spike, 
weight of 1ODD-grain, grain yield, straw yield and total yield. At harvest, 
the biological weight of the two beds was taken separately on each 
treatment and the average of weights used in the calculation. Samples 
(2kg from each treatment) were harvested to measure grain and straw 
yield (kg) (Abdel Aziz, 2013). 

Water use efficiency: 
Water use efficiency is an indicator ofeffectiveness use of irrigation unit 
for increasing crop yield. Water use efficiency of grain yield was 
calculated as (Abd EI Rahman, 2009): 

. . Id (kg! 3) total grain yield (kglha) WOE of gram y Ie m = ------'='----"----'-=----' 

total ap plied irrigat ion water (m 3/ha) 

RESULTS AND DISCUSSIONS 
Soil moisture distribution 
The results in Fig(2) revealed that the soil moisture content of 8 and 12
days interval was higher than soil moisture content of 4-day irrigation 
interval especially in the treatment of 8 days intervals with double lateral 
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lines. This may be due to the amount of water applied. In 8 and 12-days 
interval, much amount of irrigation water were applied more than in 4 
days interval, as a result, much water was infiltrated and stored in deeper 
soil layers (40-60 cm depths). But, less amount of water was applied in 4

days interval, infiltrated and stored in the upper soil layers (O-30cm) 
directly under the emission points (drippers). 

DIs,.,u:~ (1:,.) Dist.nc~ (c,..) 

t 
~! 

t 
ll 

883 
Distance (eM) DbbI"u (e--) 

IIOJ».1I.1I.1.1It1Jo11 ZO 3840 SUO 7D ro 9D 100110120 
ilWllfJli""'dlidlil~lIitliJ _

f.
,. 
,2 
o. & 

"! 
~ 
·0 

'"II~ 
~ 

" 
"tl ,.

Ii' I il--~ 

B 123 
OUMII«(CM) 

t II 11 1II 4U 51 10 II • 10 IQIJ ND 120 

! :[J t:i 
~ 

I 

84' 

Ilnn\\\~/mIVI1\~/JIVrn\\"llIIIVIJn"'1 1-0'-1211 

_I \ '" '\ , I , , I I I I f 1 ,\ , {F· I I I I,. 

~3 AU3 

Fig. (2) Soil moisture content% in the soil profile as a function of depth 
(Z) for three irrigation treatments (4,8, and 12day) under single line (B) 

and double lines (A) per bed at flowering stage. 
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-
Salt Distribution Patterns: 
Data in Fig (3) shows that the average values for the EC under double 
lateral lines were 0.32, 0.33 and 0.36 dS/m for 4, 8 and 12 days 
respectively at the beginning of the season. At the end of the season, the 
average EC values were 0.49, 0.38 and 0.44 dS/m for 4, 8 and 12 days 
respectively. Also, the single lateral line treatments showed the same 
trend as the double lateral lines treatments. 
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Fig. (3) Salt distribution patterns (EC) after irrigation for three irrigation
 
treatments (4,8, and 12day) under single line (8) and double lines (A)per
 

bed at the beginning( I) and end of the season(2)
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The salt accumulated with lOW values at the upper depth of all treatments
 
especially under the drippers, while it is evident that the water added with
 
longer irrigation intervals (8 and12 days) with much amount of irrigation
 
water play an important role in leaching salts downwards and sideward
 
from the emission points., The lowest salt concentration was directly
 
under drippers, and it was gradually increased laterally and vertically at
 
deeper soil profile.
 
Wheat growth and yield parameters:
 
The effect of irrigation intervals on growth parameters of wheat, showed
 
that 8, and 12 days intervals had the highest values of number of grain per
 
spike (59.70 and 62.35 re~pectivdy), and weight of 1000-grain, (44.45
 
and 44.64 gm, respectively). The highest values of plant height were
 
104.3 and 105.5 cm, and No. of tillers were 8.028, and 7.750, at 4, and 8
 
days respectively (table 1).
 

T-- - - - - -- - - - - - - -- 

Irrigation 
intervals 

~ 

System 
Layout 

~ ~ 

Plant 
height (em) 

Number of 
grains per 

spike 

No. of 
tillers 

Weight of 
1000-grain 

(2) 

4 days 
Double 105.1 b 57.82 c 7.833 ab 40.35 d 

Single 103.9 D 65.82 aD 8.333 a 40.60 Q 

8 days 
Double 109.3 a 61.83 DC 7.583 aD 43.44 c 

Single 103.3 0 66.42 a 7.750 ab 45.51 a 

12 days 
Double 105.1 b 68.21 a 6.333 ao 45.32 a 

Single 94.49 c 67.99 a 6.083 0 44.21 D 

Surface 
irrigation 

Control 103.9 b 50.86 d 7.917 ab 44.39 b 

L.S.D at 0.05 3.706 4.342 2.020 0.5369 

Significant differences due to variation in irrigation treatments were 
detected regarding the yield and yield components parameters. The 
highest values of biological yield was 6.810 (ton/fed) at 4 days comparing 
with 8 and 12 day (6.706 and 6.717 ton Ifed respectively), and WUE for 
grain yield was 1.835 kglm3 at 4 days followed by 1.66, and 1.365 kglm3 

for 8, and 12 day respectively. However, the highest values of grain yield 
was 2.821 (ton/fed) at 8 days followed by 2.693 (ton/fed) at 12 days then 
2.413 (ton/fed) for 4 days (table 2). 
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TaOle ~ ..q; J:.ueCI or me IffIgallun systems on YlelO ano YlelO componems. 

Biological
Irrigation System Grain yield in Straw yield 

yield
intervals Layout ton/fed (ton/fed) 

(ton/fed) 

Double 2.517 a 5.008 a 7.798 a
4 days 

Single 2.617 a 4.567 D 7.250 a 

Double 3.438 a 4.133 c 7.617 D

8days 
Single 2.914 c 4.200 c 7.233 d 

Double 3.163 D 4.300 DC 7.533 c
12days 

Single 2.802 c 4.300 DC 7.1 00 e 

Surface 
Control 2.107 e 3.323 d 5.367 f

irrigation 
L.S.D at 0.05 0.1410 0.2967 0.07536 

Effect of irrigation lateral arrangements: 
Number of tillers were not significantly affected by changing the number 
of lateral lines per bed. On the other hand, increasing the number of 
lateral lines from single to double lateral lines per bed increased 
significantly plant height, but it significantly decreased the number of 
grains per spike and weight of 1000- grain. 
Effect of irrigation lateral arrangements on yield and yield components 
parameters revealed that the highest values of yield and yield components 
parameters were achieved when using double lateral lines. Double lateral 
lines treatments resulted in the highest significant values of biological 
yield, grain yield and WUE (kg/m3

) compared with single lateral line 
treatments, but no difference between them for straw yield. 
Effect of interaction of irrigation intervals and lateral lines 
arrangements: 
The interaction between all experimental treatments indicated that 
irrigation interval of 8 days with double lateral lines per bed gave the 
highest values of plant height, and grain yield. The irrigation treatment 
with 12 days intervals with double lateral lines per bed recorded the 
highest value for number of grains per spike and weight of 1000-grain. 
There were no differences between the effect of single lateral line with 8 
days interval and double lateral line with 12 days interval on plant height, 
number of grains per spike and weight of 1000-grain. 
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The grain yield was slightl,) ufi~...ted by (4, 8, 12 days) under double and 
single line per bed. However, the highest yield was 3.438 ton/fed at 8 
days interval with double irrigatiul1 lateral lines. Also relatively high grain 
yield values 2.914 and 2.80: ((,n/fed were obtained at 8 and 12 days 
respectively with single irrigation lateral line treatments. The lowest 
yield values were at 4 days intervals under single lateral line. 
The highest value of WUE for grain yield (1.835 kg!m3

) was achieved at 
4 days under double lateral lines and the lowest value was at 12 days 
under single line (1.25 Kg!m3

). 

Water saving: . 
Water saving was higher under close irrigation intervals (4days) followed 
by 8 days comparing with 12 days (higher water use for drip irrigation) 
under both lateral arrangements (double and single line per bed). It was 
13.44% and 10.85% under double lines and 21.8% and 8.39% under 
single line per bed. As pervious mentioned, water saving was more under 
double lines than single line per bed. 

CONCLUSION AND RECOMMENDATIONS 
The aim of this study was to investigate the ability to introduce drip 
irrigation method to be applied under clay soil conditions in old land of 
Egypt. Applying such new drip irrigation system needs deep 
investigations to reach the most appropriate system management for 
irrigating field crops such as wheat under clay soil conditions. Therefore, 
three treatments of irrigation intervals (4, 8 and 12days) with two 
treatments of drip irrigation lateral arrangements (single and double 
lateral lines per cultivated bed) were selected to study the improved 
management effect on wheat yield and water productivity. Results 
revealed that the grain yield was slightly affected by irrigation intervals 
under double and single lateral line per bed. However, the highest yield 
was (3.438 ton/fed) at 8 days irrigation interval with double lateral lines 
per bed) Also relatively high grain yield 2.914 and 2.802 ton/fed were 
obtained at 8 and 12 days intervals with single lateral line per bed. The 
highest value of WUE for grain yield (1.835 kg! m3

) was achieved at 4 
days interval with double lateral lines and the lowest value (1.25 kg!m3) 

was found at 12 days under single lateral line. Data also revealed that 
water saving for 8 days under double lines was 13.44% comparing to 12 
days under single line per bed. It can be concluded that the irrigation 
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treatment (8 day under double lines) has an effective way for irrigating 
intensive field crops, but more studies have to be conducted under similar 
field conditions. 
Finally and based on all the previous discussions, it can be 
concluded that to obtain a maximum yield ofgrain and to maximize the 
water use efficiency it is recommended that: 
J.	 Jn case of availability of water resource (continues flow), usfng 8 days 

interval with double iine per bed will be applicable and it gave the 
highest values of yield (3.438 ton/fed) and water use efficiency (1.66 
kg/m3

), with the best soil moisture distribution in the upper soil layers, 
as well as, less change in salt distribution at the end of the season. 

2. In	 case of non-availability of continues water flow (irrigation 
rotations), using 12 days interval with double line per bed will be 
applicable since it gave the high values of yield (3.163 ton/fed) and 
water use efficiency (1.365 kg/m3

), with the good soil moisture 
distribution in the soil profile, as well as less change in salt distribution 

at the end ofthe season. 
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