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ABSTRACT

Field experiments were conducted during the
growing season of 2006 at the Desert Farm of the
Faculty of Agriculture, Ain Shams University, EL-
Bustan Region, Beheira Governorate that presents
sandy soil conditions, to determine the water and
fertilizer requirements for tomato crop. Tomato
transplanting (Castle Rock variety) was planted
under trickle and sprinkler irrigation systems. Also,
nitrogen fertilizers (Ammonium nitrate, 33%N) were
applied through trickle and sprinkler irrigation sys-
tems with three rates (50, 75 and 100 kg-N/fed).

The results of this experiment revealed that

1- lrrigation efficiency under ftrickie irrigation
(84.16%) was higher than that under sprinkler
irrigation system (66.32%) by 17.84%.

2- Seasonal irrigation water requirements for to-
mato crop based on the climatic data (2439.9
and 2832.8 mslfed) was higher than estimated
values using the soil samples method (1886 and
2153.1 m’/fed) by 16.1% and 14.1% under both
trickle and sprinkler irrigation systems respec-
tively.

3- Highest yield was obtained (8.61 ton/fed) when
using trickle irrigation compared to sprinkler irri-
gation (7.10 ton/fed) by an'increase of 21.2%.

4- Water use efficiency under surface trickle irriga-
tion was (3.53 kg/m’) higher than that under
sprinkler irrigation systems (2.51 kg/m’) by
40.6%.
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5- There was no significant effect to irrigation
method on the plant height, and number of
branches/ plant, but there was an effect to irri-
gation method on No. of fruits/plant.

6- Tomato yield increased by 202% and 172% with
increasing fertilization rate from 50 to 100 kg-
N/fed under both trickle and sprinkler irrigation
systems respectively.

7- The lowest cost of tomato production unit was
89.3 and 104 LE/ton under trickle and sprinkler
irrigation systems respectively at fertilization
rate of 100 kg-N/fed, while the highest cost of
tomato production unit was 231.3 and 222.3
LE/ton under sprinkler and trickle irrigation sys-
tems at fertilization rate of 50 kg-N/fed.

8- The difference in the cost of tomato production
unit, when applying 75 and 100 kg-N/fed with
trickle irrigation system, was small.

INTRODUCTION

Tomato is the major vegetable crop in Egypt.
The annual cultivated area is estimated to be
110657feddans amounting to 38.5% of the total
vegetable area, which annually produces over
1.149million tons yearly according to Agricultural

 Statistics, (2005).

Water becomes most economical scarce re-
source in many areas of the world, especially in
arid and semi- arid regions. However, water is a
limiting factor in agriculture expansion depending
on its quantity, quality and method of application.
Estimating irrigation water requirements becomes
more important for project planning and manage-
ment of irrigation. Pressurized irrigation systems
have been used for irrigating vegetables and other
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crops for high water and agro-chemicals use effi-
clencies, to facllitate planting newly reclaimed ar-
eas with limited water sources in the desert without
environmental problem, hazard and impact (Bian-
chi et al 1985 and Chase, 1985).

Abdel Maksoud (1992) conducted a study on

selecting the proper system of tomato irrigation in
new lands and reported that the highest level of
moisture content was obtained through a depth of
(0-30cm) under trickle irrigation system comparing
to sprinkler and furrow irrigation systems. The
highest yield was obtained under trickle irrigation
system. Smith and Watts (1986) Field evaluation
of irrigation systems performance is essential to
Improve irrigation management. Volumetric water
control and distribution uniformity in irrigation sys-
tem are essential factors in achieving accurate
water applications. Arnaout (1995) stated that the
efficiency of any irrigation system depends on wa-
ter supply in the desired time. The average irriga-
tion efficiency of the trickle irrigation increased by
about 15.87% and 38.37% more than irrigation
efficiency of sprinkler and furrow irrigation systems
respectively. EI-Gindy and Abdel-Aziz (2003)
found that the highest grain yield (4.24Mgram/fed)
was produced under trickle irrigation system com-
pared to sprinkler irrigation system (3.36
Mgram/fed) in sandy soils. Khalifa (2005) found
that microirrigation tended to increase grain yield
of pea by 9.7% over trickle irrigation because mi-
croirrigation wetted a large area around the plants
and reduces the leaf diseases compared to the
trickle irrigation system under sandy soil condi-
tions. Khalifa (2006) found that the average cotton
yield values were 4.89, 5.69 and 4.93 kentar/fed.
For traditional furrow, alternative furrow and trickle
irrigation system respectively. Also, the maximum
value of water use efficiency was 0.43kg/m’ using
trickle irrigation system while, the worst value was
0.21kg/m> obtained with traditional furrow irriga-
tion.

Seleman (1993) said that the fertigation is the
application of nutrients through an irrigation system
(by introducing the nutrients into the water flowing
through the system). Through this method fertilizer
added at a time when the crops need it with
amounts required at different growing stages and
at the suitable position for the highest uptake of
nutrients by the roots. Therefore, fertigation adds a
new dimension to irrigation” system. It becomes a
multifunction unit able to supply crops with the
necessary water and agro-chemicals at the same
time. Ei-Gindy (1988) found that yield of tomato
and cucumber was higher for fertigation than

broadcasting methods. The increase in yield was
37% for tomato under trickle fertigation and 22.2
and 53.2% for cucumber under sprinkler and trickle -
fertigation techniques, respectively. Hamdy (1991)
found that applying nitrogen fertilizers using ferti-
gation gave increase in tomato vyield, which was
nearly by 70% greater than that of the control
(without fertilization) and the conventional nitrogen
application treatments. This evidently, indicates
that such a nitrogen concentration is below the
level required to meet the tomato requirement of
third element at different growing stages. Goyal et
al (1995) reported that the yield of eggplant and
peppers was high under fertigation comparing with
traditional method. These increases in yield were
27.6 and 22.4% for eggplant and peppers crops,
respectively. Abdel-Aziz (1998) found that injec-
tion the fertilizep’s through irrigation systems pro-
duced 23.41% more in potato yield than that the
conventional method of fertilization. Sallam and
Abdalla (2002) studied the effect of irrigation water
stress and nitrogen levels on growth of common
bean in sandy soil treated with tafla under sprinkler
irrigation system. Their results indicated that in-
creasing water amount and nitrogen levels caused
a significant increase in the values of growth char-
acters (plant height, plant fresh and dry weights),
seed yield and protein content in seeds.

The objective of this study is to determine the
water and fertilizer requirements for tomato crop
under trickle and sprinkler irrigation systems in
sandy soils.

MATERIALS AND METHODS

Experimental site

Field experiments carried out in the Desert
Farm of the Faculty of Agriculture, Ain Shams Uni-
versity that presents sandy soil conditions, El-
Bustan Region, Beheira Governorate. Experimen-
tal area was divided into two parts; the first part
was equipped solid-set sprinkler irrigation system
and it divided into 9 plots (12.5x18m for each)
while, the second part was equipped surface trickle
irrigation system and it divided into 9 plots (20x5m
for each).

Some physical properties of soil and some
chemical analysis of soil and irrigation water were
conducted according to standard procedures
(Black, 1982) and represented in Tables (1, 2 and
3).
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Table 1. Some physical properties of sandy soil
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Sample Particle Size Distribution % F.C. W.P.’ B.D. Texture
depth “cSand  F.Sand __ Silt Clay % % glem’ Class
0-30 52.8 41.4 41 1.7 9.4 43 1.68 Sandy
30-60 50.0 435 5.0 15 8.5 4.4 1.57 Sandy

F.C. = Field capacity, W.P.= Welting point, F.C. and W.P. were determined as percentage in weight;
B.D. = Bulk density; C.= Coarse and F. Fine sand.

Table 2. Some chemical analysis of sandy soil

Sample pH EC Soluble Cations in megq/l Soluble Anions meq/l
depth 1.25 dS/m Ca+¢ M‘g“’ Na+ K+ co™ HCO, i SO, CL_ -
0-30 8.2 1.27 29 2.8 5.1 0.6 - 36 20 6.1
30-60 8.3 1.22 29 2.1 52 07 - 37 2.1 6.3
Table 3. Some chemical analysis of irrigation water
pH dZ? ioluble C:tlons m+meqll Soluble Anions meq/I SAR
m  ca' Mg Na K HCO; SO cL
7.74 1.02 1.03 0.74 8.01 0.42 1.95 4.52 3.73 8.51

Irrigation systems

Two Irrigation systems installed In this experi-
ment are sprinkler and trickle irrigation. These sys-
tems include the foliowing components as shown
in Fig. (1):

1- Control head located at the water source and
consists of electrical centrifugal pump (50m3/h
discharge and 40m lift), media filter (2tanks 36"
diameter), two screen filter 3" diameter of inlet
and outlet (120mesh), flow meter and pressure
gauges.

2- 125/110 mm outer diameter PVC, main line.

3- 75mm diameter PVC, sub main line

4- 40mm diameter PVC manifold line for sprinkler
irrigation and 32mm in diameter for trickle irriga-
tion.

Irrigation requirement
1- Calculated irrigation water requirement
Water requirement for tomato crop was calcu-
lated as follows:
¢ Woater consumptive use was calculated ac-
cording to the climatic data recorded at El-

Bustan Weather Station using the following
formula (Doorenbos and Pruitt, 1977).

ETerop= ETy . Ko
Where

ETcop = Crop water consumptive use, mm/day,

ETy = Reference evapotranspirati /
5- Distributors: 0 ande ence evapotranspiration, mm/day,
e Sprinklers are fixed at 12 x 12 m spacing K. = Crop coefficient, dimensionless.

(four sprinklers for each plot), they were 1.0
m%h discharge at 2.2 bar operating pressure
for each and wetted diameter of 22m.

e Line source emitters with discharge of 4
Iph/50cm spacing at 1.0 bar operating pres-
sure built-in PE laterals of 16 mm (OD) in di-
ameter with 0.75 m spacing between lines
and 20m length.

A crop coefficient value for tomato crop was
used according to the different growth stages of
crop according to FAO (1984). Values of Kc and
water consumptive use for different growth stages
are presented in Table (4).
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Table 4. Calculated water consumptive use for tomato crop

ETo ETCrop ETCrop
h
Growth stages {(mm/day) Ke (mm/day) {(mm/istage)
Initial
10/5/2006-31/5/2006 gg? 8;8 3?1 83061;
1/6/2006-9/6/2006 ' ‘ ' 372
Flowering & fruiting 5.91 1.05 6.21 124.20
10/6/2006-30/6/2006 5 34 105 561 140 25
1/7/2006-25/7/2006 ' ’ ‘ ’
Harvesting
26/7/2006-31/7/2006 5.34 0.80 4.27 21.35
4.91 0.80 3.93 121.83
1/8/2006-31/8/2006 480 0.80 384 15.36
1/9/2006-4/9/2006 ’ ’ ‘ ’
Total ETcrop ) i i 540 .26
(mm/season

¢ Estimating of applied water requirements was
calculated according to Vermeiren and Job-
ling (1980).

WR= (ETcrop *1%4.2)/E,

Where

WR = applied irrigation requirement, m*/fed/
Irrigation,

E. = application efficiency, % and

I = irrigation intervals, days.

2- Actual irrigation water requirement

Actual irrigation water requirement was esti-
mated based on the soil moisture content and cal-
culated according to James (1988).

ETactuas =D (92 - 91) x 4.2
Where

ETacwel = actual water consumptive use, m®/fed/
Irrigation,
8, = soil moisture content by weight after irri-
gation, mm/m,
soil moisture content by weight before ir-
rigation, mm/m, and
D = soil depth, m.

04

Soil samples were taken for estimating the ac-
tual water consumptive use from two depths (0-
30cm) and (30-60cm) after 1 hour from irrigation
and before the next irrigation throughout each
growth stage.

Agricultural Practices

1- Soil-bed preparation by ploughing of the soil two
times using chisel plow with added 10m?® / fed.
of fertilizer manure (Katkoat).

2- Addition of 250 kg/fed of superphosphate,
15.5% P20s5 during soil-bed preparation.

3- Soil planning (furrow every 0.75 m).

4- Tomato (Castle Rock variety) was transplanted
on the 10" of May, 2006.

Treatments

The experiment was a split plot design, ar-
ranged in a randomized complete block with three
replicates. lrrigation systems were assigned to
main plots, while fertilization rates were assigned
to subplots as shown in Fig. (1).These treatments
are:

1- Irrigation methods

®  Sprinkler irrigation system.
e  Trickle irrigation system.

2- Fertilization treatments

Nitrogen fertilizers were applied through irriga-
tion systems with three rates are100, 75 and 50
kg-N/fed respectively, in form of ammonium nitrate,
33%N. These amounts of fertilizers were divided
into 15 doses and applied injecting with irrigation
water during the growing season.

Annals Agric. Sci., 53(2), 2008
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Measurements and calculations
1- Irrigation systems evaluation

* Application efficiency of irrigation systems for
60 cm soil depth was calculated according to
James (1988) as follows

- Epz
E. = x 100

Dr

Where
Es = application efficiency, %,
Epz = depth of water stored in the root zone,
cm, and
D+ = gross depth of applied water, cm

o Distribution uniformity of irrigation systems was
calculated according to Burt et al (1997) as fol-
lows

Diq
D, = x 100
ch

Where

Dy = distribution uniformity, %,

Diq = the water depth of infiltrated on the quar-
ter of the area which received the lowest
amount of the irrigation water, cm, and

Da.c = the average water depth of infiltrated,

cm.
¢ Total irrigation efficiency was calculated ac-
cording to Wu and Gtilin (1975).

E=E,xD,

Where
E; = total irrigation efficiency, %,
E. = application efficiency, %, and
D, = distribution uniformity, %.

2- Plant measurements

plant height, cm.

number of branches/plant
number of fruits/ plant
total yield, ton/fed.

e & & »

3- Determine water use efficiency (WUE)

It was calculated according to the following
equation:
Total yield (kg/fed)

WUE (kg/m®) =
Total applied water (m*/fed)

4. Determine fertilizer use efficiency (FUE)

It was calculated according to the following

equation:

Total yield (kg/fed)

FUE (kg/kg) =
Total applied nitrogen (kg/fed)

5- Economical analysis

+ lrrigation costs

Capital cost for different irrigation systems and
chemical application were calculated using current
dealer prices (2006) for equipment and installation
according to Worth and Xin, (1983).

e Fertilization cost

Fertilization of tomato crop was carried out by
injecting the fertilizers through the irrigation sys-
tem. Fertilization cost was calculated as follows

Fr=(wf X Pr) + Ac

Where
. = fertilization cost, LE/fed.
W¢ = amount of fertilizers, kg/fed.
P, = fertilizers price, LE/kg
A = application cost of fertilizers, LE/fed.

Fertigation costs = Irrigation cost + fertilizer
injection cost
6- Production cost unit

It was calculated as follows

Total cost (LE/fed)

Production cost unit (LE/ton) =
Total yield (ton/fed)

RESULTS AND DISCUSSION
1- Irrigation systems evaluation

Fig. (2) shows that the average irrigation water
application efficiency of trickle irrigation reached up
(93%) was higher than that under sprinkler irriga-
tion system (80.1%) by 12.9%. This may be due to
the least percentage of water loss occurred under
trickle irrigation system, less water is lost resulting
from direct evaporation and deep percolation.
Meanwhile, the value of water distribution uniform-
ity was 82.8% for sprinkler irrigation system de-
creased by 7.7% than the water distribution uni-
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formity of the trickle irrigation system (90.5%). On
the other hand, total irrigation efficiency under
trickle irrigation (84.16%) was higher than that un-
der sprinkler irrigation system (66.32%) by 17.84%.

2- irrigation water requirement for tomato crop

Fig. (3) shows that the seasonal irrigation wa-
ter requirements for tomato crop based on the cli-
matic data was higher than estimated values using
the soil samples method by 16.1% and 14.1% un-
der both trickle and sprinkler irrigation systems
respectively. Also, results indicated that the actual
seasonal irrigation water requirements under
sprinkler irrigation system (2153.1 m*/fed) were
higher than that under trickle irrigation system
(1886 m3/fed) by 14.1%. This may be due to the
lower efficiency of sprinkler irrigation compared to
the trickle irrigation system. These results are in
agreement with Arnaout (1997); El-Gindy and
Abdel-Aziz (2003).

3- Effect of irrigation system and fertilization
rate on growth parameters, total yield, water
and fertilizer use efficiencies

Data illustrated in Figs. (4, 5 and 6) indicated
that there were no significant effects to irrigation
system on the plant height, number of branches/
plant but there was an effect to irrigation method
on number of fruits /plant.

Data illustrated in Figs. (4, 5 and 6) indicated
that the plant height, number of branches/plant and
number of fruits/plant increased were significantly
by increasing fertilization rate from 50 to 100 kg-
N/fed under both trickie and sprinkler irrigation
system.

Fig. (7) shows that trickle irrigation system pro-
duced higher tomato yield compared to sprinkler
irrigation system. In general, the highest yield of
tomato was obtained when using trickle irrigation
(8.61 ton/fed) by 21.2% compared to sprinkler irri-
gation (7.10 ton/fed). An increase in the yield un-
der trickle irrigation may be attributed to the short
irrigation in case of trickle irrigation, which lead to
the moisture content of the top layer of soil to be
higher in the trickle irrigation fields than under
sprinkler irrigation (El- Gindy, 1988).

Fig. (7) indicates that the tomato yield in-
creased by 202% and 172%. with increasing fertili-
zation rate from 50 to 100 kg-N/fed under trickle
and sprinkler irrigation system respectively. Total
yield increased from 2.85 to 8.61 ton/fed with in-
creasing fertilization rate from 50 to 100 kg-N/fed
under trickle irrigation while, the yield increased

from 2.61 to 7.10 ton/fed by increasing fertilization
rate from 50 to 100 kg-N/fed under sprinkler irriga-
tion system.

On the other hand, data illustrated in Fig. (8)
indicated that the water use efficiency under trickle
irrigation was (3.53 kg/m®), higher than that under
sprinkier irrigation system (2.51 kg/ms) by 40.6%.
This due to that trickle irrigation gives more con-
centrated wetted area around the roots of tomato
plants than sprinkler irrigation system and conse-
quently higher the water use efficiency under
trickle irrigation system .

On the other hand, water use efficiency by to-
mato plants increased with increasing fertilization
rate under both trickle and sprinkler irrigation sys-
tems as shown in Fig. (8). The highest water use
efficiency values were 3.53 kg/m® and 2.51 kg/m®
under trickle and sprinkler at high fertilization rate
(100 kg-N/fed), while, the lowest values of water
use efficiency were 1.17 kg/m3 and 0.92 kg/m3
under trickle and sprinkler at low fertilization rate
(50 kg-N/fed ).

Fig. (9) shows that the fertilizer use efficiency
under trickle irrigation (86.9 kg/kg-N) was higher
than that under sprinkler irrigation system (71.0
kg/kg-N) by 18.3%. This is due to that high fre-
quency application of nutrients under trickle irriga-
tion allows splitting of the fertilizers amount, so that
the elements availability is fitted to nutritional
needs of the crop (El- Gindy, 1988).

Also, the fertilizer use efficiency increased with
increasing fertilization rate under different irrigation
systems as shown in Fig. (9). The highest fertilizer
use efficiency values were 86.9 kg/kg-N under
trickle irrigation at fertilization rate (75 kg-N/fed)
and 71 kg/kg-N under sprinkler irrigation at fertiliza-
tion rate (100 kg-N/fed), while the lowest values of
fertilizer use efficiency values were 57.0 kg/kg-N
and 52.2 kg/kg-N under trickle and sprinkler at
fertilization rate (50 kg-N/fed).

4- Cost analysis

Data presented in Table (5) indicate that the
lowest production cost unit of tomato production
unit was 89.3 and 104 LE/ton under trickle and
sprinkler irrigation systems respectively at fertiliza-
tion rate of 100 kg-N/fed, while the highest cost of
tomato production unit was 231.3 and 222.3 LE/ton
under sprinkler and trickle irrigation systems, re-
spectively at fertilization rate of 50 kg-N/fed. On the
other hand, results showed that the difference in
the cost of tomato production unit when applying
75 and 100 kg-N/fed with trickle irrigation system
was small.
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Table 5. Tomato production cost unit under different fertilization treatments and irrigation

systems
Irrigation systems Fertilization rates  Total yield, Total cost, Prod'uction cost
(kg-N/fed) ton/fed. LE/fed. unit, LE/ton

50 2.85 633.6 2223

Trickle 75 6.52 701.1 107.5

100 8.61 768.6 89.3

50 2.61 603.6 2313

- Sprinkler 75 5.13 671.1 130.8
100 7.10 738.6 104.0

CONCLUSIONS

Results could be summarized as follows

1-

irrigation efficiency under trickle irrigation
(84.16%) was higher than that under sprinkler
irrigation system (66.32%) by 17.84%.
Seasonal irrigation water requirements for to-
mato crop based on the climatic data (2439.9
and 2832.8 m*/fed) was higher than estimated
values using the soil samples method (1886
and 2153.1 m*/fed) by 16.1% and 14.1% under
both trickle and sprinkler irrigation systems, re-
spectively.

Highest yield was obtained (8.61 ton/fed) when
using trickle irrigation, compared to sprinkler ir-
rigation (7.10 ton/fed) by an increase of 21.2%.
Water use efficiency under surface trickle irri-
gation (3.53 kg/m®) was higher than that under
sprinkler irrigation systems (2.51 kg/m® by
4.06 %.

There was no significant effect to irrigation
method on the plant height, No. of branches/
plant, but there was an effect to irrigation
method on No. of fruits/plant.

Tomato yield increased by 202% and 172%
with increasing fertilization rate from 50 to 100
kg-N/fed under both trickle and sprinkler irriga-
tion systems respectively.

The lowest cost of tomato production unit was
89.3 and 104 LE/ton under trickle and sprinkler
irrigation systems respectively at fertilization
rate of 100 kg-N/fed, while the highest cost of
tomato production unit was 231.3 and 222.3
LEfton under sprinkler and trickle irrigation sys-
tems at fertilization rate of 50 kg-N/fed.

8- The difference in the cost of tomato production
unit when applying 75 and 100 kg-N/fed with
trickle irrigation system was small
From the previous results, it could recommend

using fertigation with rate of 75 kg-N/fed and apply-
ing 1886 m’fed of water under trickle irrigation
system, while with sprinkler irrigation system, to
use 100 kg-N/fed. and apply 2230.8 m®/fed of wa-
ter to produce tomato in sandy sails.
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