EQYPL. J. AGIIC. KES. , /D (1) ;1 I70.

375

FERTIGATION UNDER MODERN IRRIGATION SYSTEM
G.H. EL-SAYED AND A.M. EL-ARABY

Agricultural Engineering Research Institute, Agricultural Research Center, Giza,
Egypt Fac. of Ag. Ain-Shams Univ. Cairo, Egypt.

(Manuscript received 2 February 1997)

Abstract

Four irrigation systems, (surface drip, subsurface drip, sprinkler,
and leaky pipe) and two methods of fertilizers application (fertigation
and broadcasting) were selected in order to determine the proper irriga-
tion and fertilization systems for irrigating vegetable crop in new re-
claimed land. Crop growth, water use efficiency, and N use efficiency
were considered for systems comparisons. Pea was cultivated as an indi-
cator plant.

Applying N fertilizer through the selected irrigation systems
(surface and subsurface drip, sprinkler and leaky pipe) was more efficient
than fertilizer broadcasting. Highly significant increase in stem length,
branches and pods number per plant, crop yield, and both water and N
use efficiency were obtained by fertigated Pea plants.

There was a slight increase (statistically not significant) in stem
length, branches number per plant, crop yield and both water and N use
efficiency under surface drip more than in both sub-surface drip, sprink-
lers and leaky pipe.

INTRODUCTION

Irrigation can play a role in producing food for the expanding population of
Egypt. Enhancement of crop productivity is inseparable from resource base (land,
water, energy). The goal of agriculture should be to increase and maintain crop yield
at high levels per unit area and at high return per unit of water, while maintaining a
high quality environment. Control the soil water content in the root zone provides
both adequate water and nutrients as an aim of total water management. A continu-
ous improvement in irrigation technology and efficient use of irrigation water and
fertilizers are essential to keep food supply in balance with the increasing demand on
environmentally sound grounds (Papadopoulos, 1993). In Egypt fertigation is being
practiced on field trials and green house crops with both sprinkler and drip irrigation
(EI-Gindy, 1984).
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As indicated in the literature, substantial progress has been made in under-
standing the relationship between water application in irrigation and crop response.
Surface irrigation is suitable for applying agrochemical to the soil. However,
trickle/micro irrigation has been successuflly used for applying plant nutrients and
other chemicals since 1950. The cost of chemigation is generally less than when ap-
plying chemicals through conventional irrigation methods. Farmers can save up to
35% on their chemicals bills if appropriately used (Nimah, 1995). EI-Gindy, (1988)
reported that the yield of tomato under drip irrigation increased by 33% and 35%
over the furrows and sprinkler irrigation systems and by 54.5% and 154.4% over
furrows and sprinkler irrigation of cucumber. In Egypt, fertigation is introduced in
newly reclaimed sandy soils, it is reported that water and fertilizer efficiency use
have increased’ and yields of 200 ton/ha of cucumber have been achieved compared
to 50 ton/ha with traditional techniques. Under sandy conditions, fertigation is an
appropriate technique for effecient use of water and fertilizers. Accordingly, ferti-
gation prospects in Egypt are very promising (Papadcpoulos,1989). El-Berry,
(1989) found that the water use efficiency was the highest in case of subsurface
drip system (5.93 kg/mm) which was approximately twice and seven times that of
sprinkler and basin systems, respectively, in case of Alfa-Alfa production under
desert conditions. Bacon and Davey (1982) explained that under micro irrigation,
depending on the rate of application, the concentration of ammonium ions in the vi-
cinity of the emitter can be very high. Hamdy, (1991) reported that fertigation at
each irrigation resulted in a notable increase in tomato production which is nearly
70% greater than that obtained with conventional methods of N applications. With
further irrigation, ammonium ion will move into the root zone where it will be con-
verted to nitrate by soil organisms and will move as do applied nitrates, and Steduto
(1983) reported that as compared to the traditional fertilization, yield increased by
about 30% with twice or four times fertigation and that yield increased by 70%

"when fertigation was evenly applied during the whole irrigation season. Abdel-
Maksoud et al (1992) studied three different irrigation systems namely, drip,
sprinkler, and furrow irrigation under tomato field in new lands. The results showed
that, the yield obtained under drip irrigation (20.000 kg/fed) increased by 19.36%
than the yield obtained under sprinkler (16, 800 kg/fed) and by 13.60% than the
yield obtained under furrow (17, 600 kg/fed) while value of water use efficiency
under drip where 14.6 I<g/m3 of water increasing by 14.34% and 14.14% than the
sprinkler and furrow systems respectively.

Several investigations were carried out during the last few years to compare
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conventional methods of chemical application and chemigation and reported that N
fertigation received the greatest attention and has probably the largest application,
(Abo-Khaled, 1991). Nitrate nitrogen (N) is a very mobil nutrient which is used ex-
tensively in crop production. Concentrations of N at levels in excess of accepted
levels for human health are found at an increasing frequency in surface water and
ground water resources. Hubbard et al. (1984) suggested that when N was applied to
the root zone of growing corn with a center pivot irrigation system, it did not leach
from the root zone during the growth season. They suggested that N be managed dur-
ing the growing season by adjusting the N rates to the yield goal so that no N would
remain in the soil at the end of the growing season. Smajstrla (1994) stated that the
long-term hydraulic performance of linesource pipe micro irrigation laterals in-
stalled in turf grass plots in Florida, USA, were studied.

MATERIALS AND METHODS

The field experiments were conducted in sandy soil through chemigation pro-
ject at Bustan area for two growing seasons 1995 and 1996. Soil mechanical and
chemical analysis are presented in table 1 and table 2 and irrigation water analysis
is presented in Table 3.

Table 1. Soil mechanical analysis.

Soil Soil mechanical analysis %
depth | Coarse sand | Fine sand Silt Clay F.C W.P
0-25 53.9 40.36 4.25 1.74 9.47 4.29

Table 2. Soil chemical analysis.

Soil Chemical analysis
depth Coarse sand Soluble znions (mg/L)
Q2+ Mgz+ N+ K+ HC03' 5042- Gl=
0-20 |3.01 2.82 472 0.74 4.104 0.642 .77
20-40 | 2.91 2.73 5.42 0.57 3.10 3.42 5.60

Table 3. Irrigation water analysis.

Cations dm/cm Anions dm/cm
EC PH catt | Mg*+t| Nat K+ c- | S0z2 | co HCO,
0.56 | 7.84| 1.04| 0.75| 8.02| 043| 3.75| 4.54| - 1.96
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The soil of Bustan experimental site is a coarse sandy texture with deep soil
profile and very low field capacity. The available water for plant is extremely low.
Irrigation systems

Four irrigation systems were tested in this study namely: surface drip, sub-
surface drip, sprinkler and leaky pipe.

Surface and sub-surface irrigation

Surface and sub-surface systems (20-cm - deep were installed). The area of
each system was of 270 square meter (3 m x 90 m). There are four laterals with
0.75 m spacing. Lateral length and spacing, distance, and emitters spacing, emitters
discharge, water application rate, irrigation intervals and fertilization were kept in

simulation.
Components of drip irrigation system :

1. Control head:

The control head is focated at source of the water supply. It consists of cen-
trifugal pump, back flow prevention device, pressure regulator, pressure gauges,
flow meter, sand media filter, and screen filter.

2. Main and sub-main lines :

110 mm diameter p.v.c pipe is used for the main and 63 mm p.v.c for sub-

main.
3. Manifold:

32 mm p.v.c pipes were used to supply water to the constructed laterals on
one side.

4, Laterals

Three types of drip lines namely: GR, Bi wall and leaky pipe were used. GR
was of 16 mm P.E tube, built in drip line with flow rate of 4 Lph/0.5 m. Bi-wall was
of 16 mm P.E tube, built in drip line with flow rate of Lph/0.5 m. Leaky pipe porous,
flexible rubber hose 11 mm diameter with flow rate of 4 Lph/1 m and 10 cm deep.

Components of sprinklers irrigation system

1. Control head:

The control head is located at source of the water supply. It consists of cen-

trifugal pump, back flow prevention device, pressure regulator, pressure gauge,
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flowmeter, sand media filter, and screen filter.
2- 331 m length with 110 mm in diameter main line.
3- 90 m length with 63 mm in diameter sprinkler line.

4- The sprinkler lines were connected with the main pipe through a valve (2 inch in

diameter).

5- The sprinkler line riser was 95 cm high (70 c¢m burried under ground and 25 cm
above soil surface).

6- The sprinklers spacing on lateral was 15 m
7- Laterals spacing was of 18 m.

8- Two nozzles sprinkler (Regan) of 1 inch (6.5/4.2 mm) was used with discharge
rate of 4m3/hr.

Experimental layout under drip irrigation

The experimental area of (0.75 feddan) was divided into two sections
(fertigation and broadcasting). Each includes six experimental plots (15.75 m X 14.5
m) per each. Each plot included contains 21 laterals of 14.5 m length with 0.75 m
spacing, and the space between laterals was 75m. Three kinds of laterals namely
pipe, GR, 4 surface Bi-wall and 4 subsurface Bi-wall.

Pea seeds were planted in November 7th, 1995. Date of harvest was April
20th, 1996. The same experiment was repeated in growing season of 1996 using
same pea variety, irrigation systems and schedule and at the same time of the year.
Data stated in Tables 4,5 and 6 are the average of the two growing seasons.

Methods of fertilizers application were evaluated using the fol-
lowing

1. Some growth parameters that include, stem length, number of both branches, and
pods per plant were measured. Five random plants from each experimental plot
were selected for the above mentioned measurements.

2. Crop water use efficiency expressed as Kg of the crop yield produced by each cu-
bic meter of irrigation water.

3. Crop fertilizer use efficiency expressed as Kg of the crop yield produced by each
unit of fertilizer used.

4. Optioned yield as total seed yield Kg/fed.
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Data of growth parameters and optioned yield were collected under surface
drip (GR drip lines), sub-surface drip (GR drip line), surface Bi-wall, subsurface Bi-
wall, buried leaky pipe and sprinkler.

Experimental area was divided into three equal plots as follows :

» Fertigation treatment: treatment 1 was for fertigation, treatments 2 and 3 were
for broadcasting treatments. Each plot includes six experimental plots (15 m X
18 m).

« Fertilizers: Fertilizers quantities were supplied in two stages;

1. Before planting 100 kg ammonia sulfate, 150kg superphosphate, and 50 kg potas-
sium sulfate/fed were broadcasted and mixed with soil.

2. After a period of 34 days from seeding quantity of 250 kg/fed, of ammonia sul-
fate divided into 3 doses were broadcasted under the drippers on Decmber, Janu-
ary, and February. The same quantity divided into 20 doses (10 times for each
month of fertigation from December to February), were introduced to the plants
through irrigation water. The total amount applied of N fertilizer was 70 unit/
fed.

RESULTS AND DISCUSSION

Effect of irrigation system on crop growth, yield, water use ef-
ficiency, and N use efficiency :

1. Growth parameters :

The effect of irrigation system (surface, sub-surface drip, sprinkler, and
leaky pipe) on growth, parameters yield, and its attributes is presented in Table 4.
The obtained data show that no significant difference in stem length, and pods num-
ber/plant under the four irrigation systems. On the other hand there were signifi-

cant differencecs in branches number.

Table 4. Effect of irrigation system on growth, yield, water use efficiency and its
attributes of pea.

Irrigation system Stem |Branches| Pods | Total | Water applied, | water
length, | number/ [number/| yield, m3/fed use;’""'
cm plant | plant | kg/fed | Broad.  Fert. | /%9

Surface drip (GR) 70.23 | 3.133 |77.00 [1162.4( 883.5|873.2 | 1.33
Sub-surface drip (GR) | 73.63 | 3.100 |71.40 [1037.62{ 979.2 | 898.5 135
Sprinkler 76.037| 3.480 |54.629 [1010.20[1088.0|1086.0 | 0.93
Leaky pipe 78.041| 3.650 [52.062 [998.28|1121.6/1120.0 | 0.89
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2. Crop vyield:

Table 4 shows that, the crop yield under surface drip system reaches
1162.40 kg/fed compared to 1010.20, 1037.62 and 998.28 kg/fed under sprinkler,
subsurface drip and leaky pipe respectively. In other words, the surface drip re-
corded crop yield increases of 11%, 13%, 14% compared to the above mentioned

treatments respectively.
3. Water use efficiency:

Values of water use efficiency by plants were 1.33, 1.15, 0.93, and 0.89 kg/
m3 under surface trickle, subsurface trickle, sprinkler system and leaky pipe.

4. N use efficiency:

Values of N use efficiency by peas plants under the four irrigation system
were 17.2, 16.00, 14.2 and 12.1 kg/unit of N for the surface trickle, subsurface
trickle, sprinkler and leaky pipe respectively.

From the previous results, it is clear that both surface and subsurface drip
irrigation systems produced the higher vegetative growth, yield, water and N use
efficiencies compared to sprinkier irrigation and leaky pipe system. This may be due
to high amount of irrigation water in the root zone, more water penetration, less
evaporation and less salinity.

Effect of methods of fertilizer application on crop growth, yield,
water use efficiency, and N use efficiency :

1. Growth parameters

The effect of different methods of fertilizer application on growth parameters
and yield, under surface and subsurface drip irrigation was tabulated in Table 5.
Table 5 shows that the stem length of plants fertigated under surface (GR) drip sys-
tem (70.23 cm) was longer than that obtained under the broadcasting, (58.2 cm) by
20.60% and the stem length of plant fertigated under surface Bi-wall irrigation
(66.9 cm) was longer than that obtained under the broadcasting (62.60 cm) by
6.8%. Under leaky pipe system the stem length of plants fertigated (69.4 cm) was
longer than that obtained under the broadcasting (64.70 cm) by (7.20%). The stem
length of plants fertigated under subsurface (GR) drip irrigation (73.6 cm) was high-
er than that under broadcasting (63.32 c¢m) by (16.3%). The stem length of plants
fertigated under subsurface Bi-wall irrigation (65.4 cm) was higher than the ob-
tained under the broadcasting (61.5 cm) by (6.3%). Regarding to number of branch-
es/plant, no significant increase was recorded under fertigation comparing to
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broadcasting in respect to surface and subsurface drip systems.

Pods number/plant was also higher under fertigation with surface (GR) drip
than under broadcasting by (24.80%). This increase was statistically significant and
higher under fertigation with surface Bi-wall irrigation than that under broadcasting
by (31.882%) and higher under fertigation with leaky pipe irrigation than that under
broadcasting by (4.91 %). Moreover pods number/plant where fertigated through
sub-surface (GR) drip and subsurface Bi-wall were higher than that under the broad-
casting. This increase was statistically highly significant.

Table 5. Effect of the fertlizer application methods on growth parameters, yield, and
water use efficiency under surface drip (GR), sub-surface (GR), surface
Bi-wall, sub-surface Bi-wall and leaky pipe irrigation system.

P Methods Stem Branches Pods Total Water N.use

rigaticn of fertiizer | length, | number/ | number/ yield, |useeffic, | effic,
system application (cm) plant plant Kg/fed Ka/m3 | Kg/unit
Surface drip  |Fertigation | 70.23 | 4.260 | 77.00|1135.22 1.3 16.22
(GR) Broadcast | 58.22 | 4.302 61.721839.346 | 0.95 12.00

Sub-surface |Fertigation | 73.63 4.01 71.4 {1069.23} 1.19 15.27
drip (GR) Broadcast | 63.22 | 3.976 | 54.11[783.343 0.8 11.91
Surface Fertigation [66.888 | 3.88 57.58| 920.34 1.05 13.15

Bi-wall Broadcast | 62.61 | 3.414 | 43.66{780.224| 0.88 115
Sub-surface |[Fertigation [65.388 | 3.911 64.38| 997.46 1.1 14.25
Bi-wall Broadcast | 61.55 | 4.000 | 49.66| 787.65 0.8 11.25

Leaky pipe |Fertigation [69.366 | 3.233 | 52.10( 820.42 0.73 11.72
Broadcast | 64.72 | 3.880 | 49.66(710.302| 0.63 10.15

2. Crop yield :

The obtained results emphasized that crop yield of peas plants fertigated un-
der surface (GR) drip irrigation reached up to 1135.20 kg/fed, compared with
839.30 kg/fed under the broadcasting, recording an increase of 35.25%. Under the
subsurface (GR) system, the obtained yield was (1069.30 kg/fed) and (783.34 kg/
fed) under fertigation and broadcasting, respectively. The crop yield increased by
36.5%.

However, when using the surface Bi-wall system, the obtained yield was
(920.30 kg/fed) and (780.224 kg/fed) under fertigation and broadcasting, respec-
tively. The yield increased by 17.95%. Yield of peas plants fertigated under sub-
surface Bi-wall reached 997.497 kg/fed, compared with 787.65 kg /fed under the
broadcasting, with an increase of 26.60%. With leaky pipe system, the obtained
yield was (820.40 kg/fed) and (710.3 kg/fed) under fertigation and broadcasting
respectively, with 15.5% increase of crop yield.
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3. Water use efficiency:

Water use efficiency was the highest (1.30 kg/m3) when fertigating the plant
through surface drip (GR). The lowest water use efficiency was recorded under fer-
tilizer broadcosting 0.95 kg/m3.

4. N use efficiency:

Data shown in Table 5 shows that the value of N use efficiency under fertiga-
tion through surface (GR) drip was 16.22 kg/unit compared to 12.00 kg/unit ob-
tained under broadcasting. Also it is clear that N use efficiency under fertigation
through sub-surface (GR) was 15.3 kg/unit compared with 11.9 kg/unit under

broadcasting.

Fertigation versus broadcasting fertilizer application under
sprinkler irrigation system

1. Growth parameters:

The tabulated results in Table 6 show that stem length under the fertigation
(76.04 cm) was longer than that under the broadcasting (65.14 cm) by (17.0 %).

Regarding to the number of pods/plant, indicates that an increase of 29.2%
was recorded under fertigation compared to broadcasting method. Also the number
of the branches/plant was higher under fertigation method than when broadcasting
the fertilizer by 17.0%.

2. crop Yyield:

Data in Table 6 show that the crop yield of peas under the two fertilization
methods. The data released that the higher yield was obtained under fertigation
(989.24 kg/fed) was higher that obtained under broadcasting (760.25 kg/fed) by
28.3%.

3. N use efficiency:

The effect of fertilizer method was remarkably noticed when the N use effi-
ciency increased by 29.40% under fertigation compared to broadcasting.

4. Water use efficiency:

Values of water use efficiency by peas plants for both methods of fertilizer
applications are shown in Table 6. In-spite of the delivered amount of water was the
same (1088 m3/fed) under the two methods of fertilizer application. Water use ef-
ficiency recorded an increase of 28% under fertigation compared to broadcasting
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method. These findings are in agreemnt with those obtained by El-Gindy (1984 and
1988) and Abdel-Maksoud et al. (1992).

Table 6. Effect of method of fertilizer application on growth, yield, and its attrib-
utes under sprinkler irrigation system .

Method of | Stem le- Branches Pods Total yield, | Water use N use

fertilizer ngth, (cm) | number/ | number / kg/fed efficiency, effi.,

application plant plant Kg/m3 kg/unit

Fertigation | 76.037 3.98 64.029 989.24 0.98 14.1

Broadcast 65.148 3.42 50.11 760.245 0.70 10.9
CONCLUSION

Application of plant nutrients through irrigation systems (fertigation) is de-
sirable for labor and energy savings, because of flexibility in timing of application,
placement of nutrients in wet soil volumes and easy and precise control of applica-

tion rate and nutrient concentration in the water.

From the previous results, it is clear that fertigation method produced the
higher vegetative growth, yield, water and N use efficiencies compared to broad-
casting methods. Fertigation is an application method which facilitates incremental
applications of N used efficiencies compared to broadcasting methods. Fertigation
also facilitates incremental applications of N close to or right before time periods of
maximum N uptake, a managment scheme which can improve N utilization efficiency.
Any fertigation requiring incorporation and water for activation can be applied with
an appropriate amount of water to incorporate the fertigation to the desired depth
and activate it immediately. Irrigation distribution was better in fetigation treat-
ment and consequently soil moisture distribution and water availability for plant
was more suitable. In addition to fertilizer concentration and its distribution, root
performance therefore improved and enhanced both vegetative growth and yield.

Also, it is clear that fertigation through surface drip is more efficient than
fertigation through sprinker. This may be due to limited wetted area affected by drip
compared to sprinkler and the fertilizer reaches only where the irrigation water is
applied.
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