Egypt. J. Agric. Res., 81 (4), 2003.
1947

MANAGEMENT OF SOME TRICKLE
IRRIGATION SYSTEMS IN SANDY SOILS

EL-TANTAWY M. T., S. M. KAMAL AND E. WASEF

Agric. Eng. Res. Inst., Agric. Res. Centre, Dokki, Giza, Egypt.

(Manuscript received 15 September 2003)

Abstract

Field experiments were carried out at El-Bustan Research Station,
Nobaria District, Abdel-Monem Reyad Village in order to evaluate the po-
tential of using surface and subsurface drip irrigation (GR. lateral). Lines
were installed at two depths of 15 and 30 cm to irrigate squash under
the conditions of sandy soil. There were two treatments (daily and three
days intervals fertigation). The obtained results showed the superiority
of sub-surface drip at depth of 15 cm in case of daily fertigation over
surface and sub-surface drip systems installed at 30 cm depth in case of
three days intervals fertigation as follows:

1- The soil moisture distribution as percentage ratio from field ca-
pacity was after irrigation with two hours 95.8 %. 93.8%, 90.8% and be-
fore irrigation with two hours 85.4%. 83.3%,76.5% in case of daily ferti-
gation .

2- Under sandy soil conditions, the good water and nutrients
management for plant growth could be achieved by using subsurface
drip irrigation systems (daily fertigation at depth 15 cm) over other
treatments.

3- Crop yield increased in daily fertigation of subsurface drip irri-
gation over the other treatments with ratio 7.55 % to 14.88%.

4- Water use efficiency increased in daily fertigation of subsur-
face drip irrigation over the other treatments with ratio 8.26 % to
15.1%.

Keywords: pressurized surface and sub-surface irrigation Fertiga-
tion - Water distribution uniformity — Management - Salt distribution uni-
formity - Crop yield — Water use efficiency.

INTRODUCTION

As water resources are limited in Egypt it is extremely important to introduce
modern irrigation systems and management techniques to save water for expanded ag-
riculture. Considerable research and field trials have been demonstrated, to the produc-
er, showing the advantages of irrigation management which includes increased crop
yields, more profit, water conservation and reduced pumping costs. Many factors such
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as crop evapotranspiration (ET,), deep percolation, runoff, leakage losses, changes in
soil water and efficiency of the irrigation system which affect water requirements, must
be considered when planning and operating the irrigation systems. The present work

aims to:

1. Study the potential of using sub surface drip irrigation system to irrigate squash
in sandy soil compared to surface drip irrigation system.

2. Calculate squash irrigation water requirements.
3. Determine irrigation schedule for squash under the studied specific condition.

Irrigation management consists of determining when to irrigate, and how much
water to apply at each irrigation, during each growth stage of plant and operation of ir-
rigation system. lrrigation management should maintain optimum soil water content for
the given production system and should avoid applying too little or too much water.
(Xin et al, 1995). Lamm ef al. (1995) reported that careful management of subsur-
face drip irrigation systems reduced net irrigation needs by nearly 25% while still main-
taining top yields of 12-15 t/ha. Prajamwon et al. (1997) reported that improved wa-
ter management practices in agriculture can lead to substantial benefits in terms of
water availability for expanded agricultural activities and for other uses and can directly
address many environmental concerns. Heerman ef al. (1990) reported that irrigation
scheduling is a key element to proper management of irrigation systems. The goal is to
apply the correct amount of water at the right time to meet management tasks, to
maximize water efficiency, crop production and/or economic return to minimize irriga-
tion costs. Joshi et al. (1995) defined irrigation scheduling as a strategy for the distri-
bution of water from reservoir to the plants in such a way to get maximum irrigation
efficiency. Thomas et al. (1995) reported that an irrigation scheduling method must
provide accurate daily estimates of soil water in the root zone of the irrigated crops.
This requires an accounting method that records the amount of rain received on the
field, the amount of irrigation water applied, and an accurate estimate of daily crop wa-
ter use. Doorenbos and Pruitt (1984) reported that plant water consumptive use in-
creased with plant growth depending on crop variety, plant growth stage and climatic
condition. Rashid and Ahmad (1988) found that actual water consumptive use de-
creased with decreasing the available soil moisture. Essam and Fekry (1995) defined
potential evapotranspiration as the rate at which water, if available, would be removed
from wet soil and plant surfaces expressed as the rate of latent heat transfer per unit
area, or as a depth of water per unit time. Day (1996) reported that the most signifi-
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cant crop factor affecting Et, is the amount of ground area covered by the crop. He
added that irrigation scheduling for drip irrigation involves two major things: the first is
the estimation of Et,. The second is the monitoring of soil moisture. Yousef (1989)
studied scheduling irrigation of soybean using the evaporation Pan method and calcu-
lated the potential evapotranspiration by five methods (i.e. Turce, Blaney-Cradle, modi-
fied Penman, Jesen and Haise and class (A) Pan evaporation). He found that the class
(A) evaporation offers a good method and reliable estimates of the potential evapo-
transpiration. He also added that the class (A) Pan can be used successfully in schedul-
ing crop irrigation. El-Sabbagh (1993) calculated the potential evapotranspiration of
maize by modified Penman, Radiation, modified Blaney-Criddle and Class (A) Pan meth-
od. Potential evapotranspiration values obtained by Blaney-Criddie and class (A) pan
were lower than those obtained from Penman and Radiation. Phene et al. (1982) dem-
onstrated that in a sandy loam soil, multiple small quantity of irrigation per day with a
trickle system resulted in both higher yields and less plant water stress than with irriga-
tion each six days. El-Berry (1989) found that the water use efficiency was highest in
case of subsurface drip system (5.93 kglms) which was approximately twice and seven
times that of sprinkler and basin irrigation systems, respectively. In case of Alfa-Alfa
production under desert conditions, Kim and Lee (1988) reported that on using sub-
surface irrigation, the value of wetted distance in vertical direction in sandy loam soil
decreases with irrigation rate while the wetted distance in the horizontal optimum di-
rection changes in opposite direction. Awady et al. (1975) reported that a trickle irriga-
tion system was designed, constructed, and tested, for the first time in Egypt. The sys-
tem used "micro-tube emitter" under low head, thus reducing amenability to clogging
among other advantages. Awady ef al. (1976) reported that pea and squash were
grown on the system to estimate optimum WUE. Water application factor of 0.7 was
recommended, based on the evaporation from open pan. For the pea trail, the total wa-
ter consumption was about 1000m3/fed. season giving a vield of 2.5 t/fed and water
utilization efficiency of 0.0025 t/m3. Water saving of 17-70% was reported compared
with other surface flood methods reported in literature. In addition, an increase of
100% in pod production was estimated in comparison with control plots irrigated manu-
ally in the same experiment.
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MATERIALS AND METHODS

Two field experiments were conducted in sandy soil in 15" Aug. 2001 at El-
Bustan Research Station, Nobaria District, Abdel-Monem Reyad Village. The site belongs
to the ministry of Agriculture and Land Reclamation. Tables (1) and (2) show the re-
sults of soil mechanical and chemical analysis before starting the experiment. Some val-

ues of chemical analysis of the irrigation water are presented in table (3).

Table (1): Some mechanical analysis of the soil at El-Bustan research station.

Depth _Particle size % F.C. P.W.P. Texture
(cm) C.sand F.sand Silt Org. matter Y% % Class
0-15 52.8 41.4 4.1 1.7 9.4 43 Sandy
15-30 50.0 43.5 5.0 1.5 9.3 4.4 Sandy
30— 45 52.0 42.0 4.3 1.7 9.2 4.4 Sandy
45-90 50.0 43.5 4.5 2.0 9.1 45 Sandy
Table (2): Some chemical analysis of the soil at El-Bustan research station.
depth | pH EC Soluble Cations, Soluble Anions,
(cm) mmbhos/cm meq/1 meq/I

Ca™ [ Mg™ | Na' K* |CO3 ~|HCOs | SO4~ | CI

0 -15 [8.2 1.27 2.9 3.0 | 6.1 0.6 - 3.5 2.0 71
15-30 | 8.3 1.22 2.7 2.7 5.9 0.7 - 3.4 1.7 6.9
30-45 8.3 1.3 3.3 22 | 65 [ 09 - 3.9 2.1 6.9
Table (3): Some chemical analysis of irrigation water ( Nile Water from Bustan Canal ) at Bustan Site.
EC Soluble Cations, Soluble Anions,
pH |mmhos/cm meq/l meq/l SAR
Ca | Mg"| Na K*  [HCOy SO, ~ cl
7.74 1.02 1.03 ] 0.74 8.01 0.42 1.95 452 3.73 8.51

Three irrigation depths treatments were used in this study " 0,15 and 30 cm of
GR drip irrigation. Chemical nutrition was injected through the irrrigation system to ob-
tain the advantage of proper management. Therefore, the experiment included six
treatments and six replicates as shown in fig. (1).

Components of the irrigation system (0, 15 and 30 cm deep).

The control head is located at the source of water supply. It consists of a centrif-
ugal pump, back flow prevention device, pressure regulator, pressure gauges, flow me-
ter, sand media filter, venturimeter of one inch diameter, flow rate of 400 I’/h and
screen filter. Main and sub-main lines: 110 mm diameter (OD) P.V.C. pipe was used for
the maip and 63 mm P.V.C. for sub-main. Manifold: 32 mm PVC pipes were used to sup-
ply water to the constructed laterals on one side: 16 mm P.E. tube, built in drip line
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with flow rate of 4 Iph/ 0.5 m. The line spacing in drip irrigation system is 0.75 m for
squash growing and spacing of plants on the same line are 0.5 m (traditional spacing in

Egypt). The experimental area was divided into two sections. Each section was divided
into three experimental plots. The experimental plot was 20 m in length and 4.5 m
width (90 m?) and contained 6 rows as replicates in both the two treatments daily and

every three days fertigation as shown in figure (1). Fertilization program per cubic me-

ter of water for squash according the recommendation by The Ministry of Agriculture is

shown in Table (4).

Table (4): Fertilization program per cubic meter of water for squash

Ammonium Potassium Phosphoric
Plant Stages Sulfate(kg) Sulfate(kg) Acid (em?)
(33.5%) K50 (48%) (85%)
Initial stage. 0.25 0.50 50
Development stage. 0.50 1.00 250
Mid stage. 0.50 0.50 100
Late Stage 0.25 0.50 50

Table (5): Total fertilization quantities for different stages for squash.

Ammonium Potassium Phosphoric
Sulfate Sulfate acid (cm?)
Plant Stages (kg) (kg) (85%)
(33.5%) K20
(48%)
Initial stage. 0.322 0.644 64.35
Development stage. 3.297 6.953 1648.25
Mid stage. 6.518 6.518 1303.6
Late Stage 1.83 3.66 366.05
Total fertilization quantities 11.967 17.775 3382.25

Table (6): Calculated crop evapotranspiration (mm/day) of squash using pan evaporation method.

Crop Crop Total crop

Av. Et, K. |evapotran- (evapotrans- | evapotrans-

Plant Stages mm/day spiration | piration Et. | piration Et.

Etc m.3/ Fed/ | m./90m.%
mm/day season season
Initial 4-5 to 14-5-03 | 6.5 in May | 0.2 1.3 60.06 1.287
Development 15-5 to 31-5-03 |6.5 in May.[0.35| 2.275 162.434 3.481
1-6 to 13-6-03 | 7.6 inJune{0.35| 2.66 145.236 3.112
Mid 14-6 to 30-6-03|7.6in June|0.94| 7.144 510.082 10.93
1-7 to 3-7-03[8.3in Juli ]0.94| 7.802 98.305 2.106
Late 47 _to 17-7-03 [ 8.3 in Juli | 0.7 5.81 341.628 7.321
Atharvest  18-7 to 27-7-03 | 8.3 in Juli [ 0.5 4.15 174.3 3.735
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The total crop evapotransipiration for each plot/season is 31.972 me, and for
each section is 82.74 m® (1492.045 m®/ feddan. season). As the calculated water ir-
rigation efficiency was 90% and the calculated leaching requirements was 9.5 %. The
total irrigation requirements 1719.7 m3/ feddan Season. lrrigation water quantities

were determined using the following equations
Etgrop = ETo (K€ Juervmrirmriiiisemsisinsiens (1)
where :
Etgrop = Crop evapotranspiration (mm/day).
Kc : Crop coefficient, (dimensionless).
ET, and Kc according to Central Laboratory of Agricultural Climate 1996- 2001.

The soil samples were taken every 15 cm up to depth 45 cm. The samples were
taken using auger in the vegetative stage within two hours before and after two suc-
cessive irrigations. The irrigating water was applied between two limits that are the
wilting point and field capacity. The water application was designed to reach depth of
45 cm to meet the maximum water consumption of squash. Therefore, there was no
chance to expect deep percolation loss. The moisture distribution percentage was cal-
culated on weight base. The salinity distribution was measured by the electrical con-
ductivity meter ( EC) mmhos/cm using soil extract solution, 1:5 on weight base.

RESULTS AND DISCUSSION

The objective of any effective irrigation is to obtain the highest possible sus-
tained agriculture return per unit of water applied. This could be achieved through pro-
viding a suitable water supp_ly, time and quantity to the cultivated plants. The distribu-
tion of water through soil profile of sandy soil under surface and subsurface drip
irrigation system is considered one of the most important factors for good soil water
management.
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Fig. 1. Layout of the experiment.
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1-Moisture distribution

The soil moisture distribution data were illustrated in figures (2, 3 and 4) which
show the mean soil moisture pattern for 0, 15 and 30 cm depths all the way until 45
cm for different treatments surface and subsurface trickle systems (15, 30 depth re-
spectively). The emitter wetted diameter was 0.5m at discharge rate of 4 I/h. The
moisture contour lines intervals were represented each (0.1%). The soil moisture under
surface drip irrigation systems (0 cm depth) as shown in figure (2) moved downward
until the depth 45 cm for both daily and three days irrigation intervals. The mean soil
moisture content was determined two hours after irrigation which reached 90.8% and
89.1 % of the field capacity calculated for vegetative stage In case of surface drip irri-
gation daily and three days irrigation intervals, respectively. Meanwhile these values
were 76.5% and 87.6 % of field capacity calculated for two hours before irrigation. In
this concern to achieve the critical water balance in the plant life which means that dai-
ly irrigation was the most efficient when compared to the other treatment. The data
are shown in figures (3 and 4) for depths 15 and 30 cm of subsurface drip irrigation.
The soil moisture content values before irrigation were 85.4 % and 83.3 % of field ca-
pacity for depths 15 and 30 cm of subsurface drip irrigation, while the moisture con-
tent values after irrigation were 95.7 % and 93.8% of field capacity for daily fertigation
of vegetative stage for depths 15 and 30 cm of subsurface drip irrigation, respectively.
On the other hand, for the three days interval fertigation as shown in figures (3 and 4)
the soil moisture content values before irrigation were 68 % and 61.8% of field capaci-
ty, while the moisture content values after irrigation were 90% and 88.1% of field ca-
pacity respectively. The results indicated that using subsurface drip irrigation systems
at depth of 15 cm with daily fertigation was more efficient than subsurface drip ferti-
gation at depth 30 cm. That was due to the water losses through evapotranspiration in
case of surface drip irrigation systems. Finally, from the above discussion under sandy
soil fertigation, good water management could be achieved by using both subsurface
15 cm and surface drip systems. Theses results agree with those obtained by Kim and
Lee (1989).

2-Salt distribution

The idea of supplying mineral nutrients to the crop through irrigation (fertiga-
tion) is one of the latest steps in the revolution of the fundamentals of traditional
agronomy. Usually, fertilization application through irrigation water leads to a better
uniformity distribution compared with the traditional fertilization practice. Under sur-
face and subsurface drip irrigation, the results in figures (5, 6 and 7) show the salinity
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distribution (mmhos /cm) in the vegatative stage. The salt distribution through the soil
in case of surface and subsurface (at depths 15 and 30cm) for both daily and every
three days intervals fertigation (with contour interval 0.2 mmhos/cm) were represent-
ed in figures (5, 6 and 7). A clear increase in the EC (mmhos/cm) values of the soil ex-
tract were observed toward the soil surface due to high evaporation of water. The
same attitude were noticed in the horizontal direction from the drippers placement
then decreased in the vertical direction gradually. The salt distribution increased in
both vertical and horizontal directions from the emitter, above the subsurface line
treatments, at the interface between laterals lines in the surface and at the bottom of
the wetted zone in both systems. In the mean time, the soil salinity in the main root
zone was relatively low. This shows that the plant growth and consequently squash
production may not be greatly affected by the salinity but mainly by the soil moisture
distribution and water availability. Finally, from the above discussion, it is noticed that
under sandy soil conditions, the good water and nutrients management for plant
growth could be achieved by using subsurface drip irrigation system (daily fertigation
at depth 15 cm) than other treatments.

3-Crop yield

The crop yield was harvested for ten days. The mean squash yields collected
from surface and subsurface treatments throughout the harvesting season are illustrat-
ed in table (7). The obtained data showed that the lateral line depth significantly af-
fected the squash yield. The total yield averages under surface and subsurface (15 and
30 cm depth) were 6050, 6950 and 6550 kg/feddan for daily fertigation, respectively.
Meantime it was 5300, 6000, and 5700 kg/feddan under surface and subsurface treat-
ments (15 and 30 cm depth) for three days intervals fertigation, respectively. It was
clear that higher yields are obtained in daily treatment for subsurface at depths 15 cm
and 30 cm compared to surface drip irrigation. The same trend was observed in every
three days intervals fertigation as shown in table (7). In the same time, the crop yield
in case of daily irrigation was significantly higher than that obtained from all treat-
ments. The highest yield was for subsurface laterals at depths of 15cm and 30 cm,
compared with surface one with percentage 14.88% and 8.26% in daily treatment.
While in the case of three days interval fertigation the excess was 13.20 % and 7.55%
respectively. That means uniform distribution of sufficient available water and fertilizers
directly in the root zone. Meanwhile, the lower crop yields in case of every three-day
compared with daily treatment may be attributed to the insufficient upward movement
of water to reach the root zone. it was particularly at the early growth stage, where a
small root system could not extend to reach the subsurface water source.
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Fig. 2. Soil moisture distribtion percentage by weight under surface drip irrigation sys-
tem.
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Table (7): Squash yield for different treatments.

1959

Crop yield (kg/feddan)
TR Surface Subsurface 15cm | Subsurface 30cm
Daily fertigation 6050 6950 6550
Three days intervals fertigation 5300 6000 5700

4-Water use efficiency (WUE).

Since all treatments received the same amount and frequency of irrigating water
and the same fertilizer doses, the yield variation should be attributed to the lateral line
placement, i.e. surface and subsurface (15and 30 cm depth). The WUE is defined as
the total yield production kg/ the total irrigation requirements 1719.7 m3/feddan Sea-
son. The results are shown in table (8). The data revealed that the WUE increased in
case of daily fertigation by 0.53 kg/m.3 and 0.29 kg/m3 with ratios of 15.1% and
8.26 % that were obtained when used with both 15 and 30 cm depths compared with
the surface treatment. Meanwhile, in case of three days intervals fertigation the data
revealed 0.41 kg/m.® and 0.23 kg/m.2 with ratios of 13.31% and 7.47% increased
than that obtained when using both 15 and 30 cm depths compared with the surface
treatment. This increase is mainly due to the corresponding increase in crop yields. The
lower WUE in case of three days interval fertigation treatments compared with daily
fertigation treatments was due to the losses in water and fertilizers by deep percola-
tion.

Table (8): Squash water use efficiency (WUE ) for different treatments.

Water use efficiency WUE (kg/m.3)

Treatments
Surface Sub-surface 15cm | Subsurface 30cm
Daily fertigation. 3.51 4.04 3.8
Three days intervals fertigation. 3.08 3.49 3.31
CONCLUSION

When using two treatments in irrigation and fertilization (daily and every three
days), the subsurface drip irrigation in squash plant applied daily irrigation and fertiliz-
ers at 15-30 cm soil depth could be considered as optimum methods to maintain uni-
form distribution and sufficient available moisture and acceptable salinity level in the
plant root zone throughout the growing season resulting in higher yield and WUE com-
pared with surface treatment.
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