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Abstract

Sprinkler irrigation is a relatively new method in Egypt mainly
used in the newly reclaimed desert areas, while surface irrigation sys-
tems are dominent in old heavy texture soil areas. The main objective of
the present study was to investigate the possibility of using sprinkler irri-
gation system in cotton crop production in the old valley by studying its
effect in minimizing water losses and increasing cotton yield. Measured
performance parameters and water utilization efficiencies were also
studied for both sprinkler and surface irrigation systems. Results indicate
that sprinkler irrigation system saved 17.81% of water applied and in-
creased the yield by 22.6% compared to surface irrigation. The water
utilization efficiency increased by 51.2% in sprinkler system compared to
surface irrigation system.

INTRODUCTION

Cotton is the most important fiber crop used for making textile materials. It
can be used in making a wide range of products, from diapers to explosives, than
any other fiber.

In 1997 season, Egypt planted 721 thousand feddan of Cotton representing the
first important field crop. Average production of cotton is 6-8 metric quantar per
feddan (metric quantar is 157.5kg and Feddan is 4200 m2) which is considered the
world third highest production (General administration of agricultural economics
1994). Cotton still ranks as a major source of national income of Egypt. The Egyp-
tian economy is heavily dependant on cotton production. Traditionally, Cotton is
planted by direct seeding from 5 to 20 seeds manually in dry fields in each hole.
Farmers prepare soil for seeding by using same furrows of last crop, furrows
spaced 50 to 65cm, the distance between each successive hole in the furrow is from
15 to 25 cm and cotton seeds are planted in rows on one side of the furrow. The to-
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tal number of cotton plants per feddan ranges from 45, 000 to 50,000. The quantity
of irrigation water applied for cotton averages 3150 m3/feddan under the tradition-
al surface irrigation method.

Sprinkler irrigation is a relatively new method in Egypt, that has locally de-
veloped mainly over the last four decades. Today, Sprinkler irrigation has been con-
sidered to be one of the most important obligatory irrigation systems which have to
be applied in the newly reclaimed desert areas. Sprinkler irrigation method is mainly
used for irrigating vegetable and fruit crops in Egypt. It is proposed that sprinkler
irrigation method be applied in irrigating field crop as well in old valley where land
texture is often clay (Table 1) and surface irrigation is used. In doing so it could also
increase the production on the national scale. It also could save much irrigation wa-
ter, that may be used to reclaim and cultivate more desert land areas. Hanson and
patterson (1974) showed that water use efficiencies were highest for drip and
sprinkler systems when compared with the effect of sprinkler, furrow, drip and
subsurface systems on sweet corn. Badr, 1987 resported that water use efficiency
of sugar beet was 8.3 kg/m3 using sprinkler system and dropped to 4.3 kg/m3 when
using furrow irrigation system.

MATERIALS AND METHODS

The experiments were carried out in two districts and planted in March 1997
and 1995 and harvested on September 1977 and 1995. The first district was divid-
ed into two fields. The area of first field was about 16 feddans (254 x 265m) irri-
gated with fixed sprinkler system and divided into 23 plots. The total number of cot-
ton plants per feddan is 42,000. The area of second field was one feddan (36.2 x
116m) irrigated with surface irrigation as traditional method. Both fields were at
El-Manshya village, Bellbise, El-Sharkya Governorate. Cotton (Giza 85 variety) was
planted after Alfalfa crop with 10 seeds manually in each hole. The field was pre-
irrigated using last crop furrows. The furrows spacing was 75 cm and the cotton
seed in row spacing ranged from 20 to 25 cm.

Figure 1 shows the control head which is located in Bellbise at two sources of
the water supply (main canal and shallow well). It consists of centrifugal pump
which is driven by Tractor PTO (540 rpm). The pump capacity is up to 90 m3/h,
head is up to 86m, suction connection is DN 80, delivery connection is DN 65. The
pump is connected to the main line by a flexible quick hitch hoses. Figure 2 shows the
sprinkler irrigation network design. Sprinkler type is single nozzle 5.5 mm (Perrot
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ZB22). The discharge of sprinkler is 1.99 m3/hour at 3bar and gross application
rate is 0.62 cm/h. Minimum sprinkler pressure is 250 kPa and average sprinkler
pressure is 325 kPa. Total water consumption of the sprinkler irrigation is 2475
m3/feddan/season (applied by seven irrigations based on soil moisture content and
evapotranspiration ETP).

The second district was at experimental Farm of Faculty of Agriculture Ain-
Shams University at Shalaquan, Qalybia Governorate. The experimented field is di-
vided into six sub-plots (23 x 23 m). The first three sub-plots were irrigated by
permanent sprinkler irrigation system and second three sub-plots were irrigated by
surface irrigation system as shown in Figure 3. Two nozzles sprinkler head 4.5/
2.4mm and discharge of each sprinkler 1.5m3/hour at 2.5 bar are used. Irrigation
interval was each 7 days based on ETP. Total water applied by sprinkler irrigation
system is 2350 m3/feddan/season and 2720m3/feddan/season for the surface ir-
rigation system.

The irrigation water for the different systems under investigation was esti-
mated using the class A Pan evaporation, calculated on 100% ETP. and 100% water
application efficiency.

Evaluation of sprinkler irrigation system uniformity and efficiency were done
by means of catch container (Can tests) only in Bellbise location. The catch container
layout was designed for measuring the uniformity of water distribution along a
sprinkler lateral line. By overlapping the right and left hand catch data, the total
catch between adjacent lateral portions can be simulated. Tests were conducted in
the afternoon and the time of running the experiment was selected where wind speed
was virtually calm. Experiment was conducted at fields with no planted crop and the
sprinkler lateral was adjusted to minimize differences in elevation. All details for

. conducting and evaluating field tests are according to the handbook by Merriam and
Keller (1978) and Irrigation system design is after Richard H.Cuenca (1989).

Irrigation performance measures

Irrigation performance is usually expressed in terms of efficiency and unifor-
mity. A large number of uniformity and efficiency measures have been defined and
used in uniformity studies over the years. The comparative studies of Dabbous
(1962), Su (1979), on-farm irrigation committee of ASCE (1978) and Keller &
Blieser (1990) provide a good survey of many such measures.

In general, efficiency is defined as the ratio of output to input. For irrigation
systems, this general efficiency has been defined as the percentage of water appli-
cation efficiency and presented by:
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Output Average depth of water catch )
AE % = = x 100 [
Input Average pumped water

A large number of uniformity expressions are used for producing a single re-
lation which expresses the uniformity of irrigation as a function of depth estimates.
This has been formulated from several estimates (Measured or simulated) of irriga-
tion depths at various locations. Uniformity measures are a function only of the va-
riability of irrigation depths. The usual approach is to compute some measure of the
dispersion of values, and to express this in a non-dimensional way by comparing it
to the average value or other measure of central fluction tendency. The expression
for distribution uniformity (DU) is given by:

Dmin
DU = [2]
D

avg

Where D,,;, = Minimum depth of water infiltrated or depth of water catch, m
Low quarter distribution uniformity (DU,q) is one of a variety of terms that have
been used to describe irrigation uniformity. DU, can be related to yield when quarter
of the field receiving the least amount of water is under irrigated and the yield re-
sponse to deficits is linear, and there is no yield response to over irrigation
(Solomon, 1985). Duy, can be related to deep percolation losses (and thus irrigation
efficiency) with desired application depth. Thus Duyis a useful uniformity measure
and is given by:

Diq

Du'q = __ [3]

avg

Where D o = Average infiltrated depth or Average depth in can of lowest
quarter of area.

(Davg) = Average infiltrated depth of total area and is given by:

VD
Davg * — [4]
L

Where VD = volume depth caught or infiltrated volume, m3/m Gross depth or
average depth caught or average infiltrated depth (Dg or Dayg), as given by
Gi teo

Davg = — [5]
L
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Where qgi = unit flow rate, I/s/m.
teo = cutoff time,
L = Length of the fields.
System efficiency (SE) may then be given by the following equation:
SE = DUy, x AE [6]

Christiansen's uniformity coefficient (CU,) and Hawaiian Sugar Planters
Association coefficient (CUy) can be used for both sprinkler and surface irrigation
systems (Richard H.Cuenca 1989). Values for these coefficients are given by the
following equations:

n
CU; = 1- Z [abs (xi - x)] / (n x) [7]
i=1
CUy = 1-[2/1]05 (S/X) [8]
Where Xi = depth in can i or infiltrated depth, mm
X = mean depth caught or infiltrated, mm
n = number of cans or measurements,

s = standard deviation of depth caught or infiltrated, mm

The test data for CU > 70% usually forms a bell-shaped normal distribution
curve and is reasonably symmetrical about the mean. Therefore, CU can be approxi-
mated by:

(Average low-half depth of water recieved)
CU = x 100 [9]

m

Where : CU = coefficient of uniformity.
m = average depth of water caught or infiltrated, mm

The relationship between DU and CU can be approximated as given by Keller &
Blieser (1990):

" Cu =100 - 0.63 (100 - DU) [10]
DU = 100 - 1.59 (100 - CU) [11]

and the relationship between CU and the standard deviation, Sp, of the individual
depth of catch observations can be approximated by:
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cu =100 [1.0- (52 ) (2.)05] 2]
m T
Which can be rearranged to give:
so=__ M __a2_Y ) [13]
(2/m) 05 100
Evaluating Sprinkler Uniformity system

The CU system computed by:

1+ [Pn/Pa] ©->

2
And noting that DU varies as the average discharge of the low quarter (see

System CU = CU [14]

Eq. 14). The DU system computed by:

System DU = DU _1+3 [Pn/Pa] % [15]

4
Where

Py = minimium sprinkler pressure, kPa (psi)
P, = average sprinkler pressure, kPa (psi)

The computer program (SRFR) was run by data collected from field in a tradi-
tional field trial (Surface irrigation method), SRFR program predicted DU, DUq and
AE to compare them with sprinkler irrigation DU, DUjq and AE and also to compare
water use efficiency and yield.

Soil mechanical, chemical analysis and water analysis :

Table 1 presents the averages of three samples of soil mechanical, chemical
analysis and water analysis in Bellbise and Shalagan areas. Soil mechanical analysis
showed increased percentage of clay than sand and silt percentage.

Table 1. Soil mechanical chemical analysis and water analysis.

Soil Soil Mechanical Soil Chemical WaterAnalysis
sample Analysis % Analysis mg/100g ppm
sand |Silt |Clay P | K Mg | Na| Fe Zu PH EC

Bellbise 20 22 58| 2.4 |15.82] 214.8| 85 |5.38 | 1.6 |8.39]0.76

Shalagan | 38.53|21.17|40.3] - - = = - - 7 | 0.8

All farm operations such as tillage, fertilization, pest control etc. were car-
ried out in a traditional manner except seed bed preparation in the sprinkler irriga-
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tion field, which included sub-soiling to 70cm depth, deep chiseling to 35-40 cm
depth and secondary tillage using combination machines.

During cotton planting seasons of 1997 and 1995, seven random samples 1/
400 feddan each, three from the sprinkler system and four from the surface irriga-
tion system under test, were collected for estimating weights of bolls and yield.
Statistical analysis (t test) was carried out following the procedures of Gomez and
A.A. Gomez (1984).

RESULTS AND DISCUSSION

Table 2 and Figure 4 show that the test data for CU is higher than 70% which
formed a bell-shaped normal distribution. Also, they show that sprinkler irrigation
system has higher uniformities than surface irrigation.

Data in Tables 3 and 4 indicate that the highest cotton yield obtained when ir-
rigated by sprinkler methods compared with the yield of surface irrigation methods.
The yield increased by 22.6%, which may be due to the higher number of bolls per
cotton tree and higher weight of boll as given in table 4.

Data presented in table 5 and figure 5 show the relation between quantity of
water applied (m3) and produced yield (kg) per feddan. Regarding effect of sprinkler
irrigation system in old land, such data show clearly that using sprinkler irrigation
system increased the yield production per unit of water in surface irrigation system
by 1.73 Quentar/feddan. It is also evident that sprinkler irrigation system in old
land saved water by 523 m3/feddan/season compared with surface irrigation sys-
tem. On the other hand water saved by 17.81% under sprinkler irrigation method,
'may be due to higher yield and lower irrigation water amount used under sprinkler
system. The water utilization efficiency increased by 51.2% compared with surface
irrigation method Table 5 and figure 5.

CONCLUSIONS

It is concluded that there is high response of cotton crop to sprinkler irriga-
tion method in old land (Alluvial soil). Higher yield and lower irrigation water re-
quirement were obtained with sprinkler irrigated cotton compared with surface irri-
gated cotton by 22.6% and 17.81%, respectively.
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Table 2. The uniformity parameters for sprinkler irrigation system and surface ir-

M.N.S. EL-YAZAL et al.

rigation.
Uniformity parameters Sprinkler irrigation Surface irrigation
Calculated % Calculated by SRFR %
CUc 93 74
CUy 93 74
DU 89 65
DUjq 95 75
96 65
AE
85 42
S.E
87 =2
S.Cu
81 s
S.DU

Table 3. Effect of different irrigation method on cotton yield (Quentar/feddan).

Sprinkler irrigation Surface irrigation
Sample 1 12.48 7.887 —
Sample 2 10.416 7.76 =
Sample 3 10.91 7.62 ==
Sample 4 - 8.06 Co
Mean 11.267 7.832 ==
Variance 1.167 0.035 o
Observations 3.000 4.000 .
Pooled Variance 0.488 - -
df 5 -
t 6.440 - -
t-confidence level 5% t-Confidence level 1%
P(T< = t) one-tail 0.001 P(T< = t) one-tail 0.001
t Critical one-tail 2.015 t Critical one-tail 3.365
P (T<=t) Two-tail 0.001 P (T<=t) Two-tail 0.001
t Critical two-tail 2.571 t Critical two-tail 4.032
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Table 4. Effect of different irrigation methods on number of bolls per cotton tree.

Sprinkler irrigation Surface irrigation
Average number of 20 14
bolls per tree
Average number of 15 10
open bolls
Average number of 5 4
closed bolls
weight of one boll, (gm) 3.2 27
Table 5. Effect of irrigation methods on water utilization efficieney.
Sprinkler irrigation Surface irrigation Diffe-

Shalagan | Bellbise | Mean | Shalagan | Belibise | Mean | "©"¢€

Water quantity 2350 2475 | 2413 2720 3152 | 2936 -17.81

(m3/feddan)
Yield 7.53 11.27 | 9.40 7.5 7.83 7.67 +22.6
(Quentar / feddan)
water utilization 0.51 0.72 0.43 0.43 0.39 0.41 [+51.2

efficiency (Kg/m3)
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Figure. 3. Layout of irrigation system in shalagan site (Dims. in MT.).
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