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The conventional method of Tomato cultivation under furrow irrigation needs a
paradigm shift towards modern irrigation systems due to water scarcity. Drip
irrigation method distributes water to the field using the pipe network and
transforms it from the pipe network of the plant by emitters. In spite of the
advantages of drip irrigation method, the traditional network of drip irrigation
method has many problems. Hydraulic design seems to be only one of the minor
factors of the evaluation of overall uniformity of a micro-irrigation system.
However hydraulic performance of drip irrigation needs to be gauged in terms of
water distribution uniformity, emitter operating pressure head, distribution
uniformity of water soluble fertilizer and Economics of drip systems.

Introduction
Water in these regions is the most limiting
factor requiring its optimal use. Irrigation
water is supplied to the plants/crops to
replenish root-zone moisture storage when
natural rainfall is inadequate or poorly
distributed. The efficient utilization of
irrigation water is possible by the adoption of
high efficient irrigation system, such as, drip
irrigation systems. Drip irrigation method is
the best method that has been used in the
world among the other irrigation methods

because of its good and high uniformity. Drip
irrigation system can apply frequent and small
amounts of irrigation water at many points of
a field surface/subsurface near the plants
(Decroix and Malaval, 1985; Youngs et al.,
1999). With drip irrigation, plant water and
fertilizer requirements can also be applied to
the plant root zone with minimum losses,
maintaining steady moisture in the soil
profile. In addition, drip irrigation system has
the advantage of fitting to difficult
topography (Wei et al., 2003). Drip irrigation
has advantages over conventional furrow
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irrigation as an efficient means of applying
water, especially where water is limited
(Camp, 1989).
Tomato (lycopersicum esculentum) is edible,
belongs to the family Solanaceae. It is an
herbaceous annual plant with bisexual
flowers. The fruit is a true berry. Tomato is a
warm season crop, it requires warm and cool
climate. The plant cannot with stand frost and
high humidity. Also light intensity affect
pigmentation, fruit colour, fruit set. Tomato
does very well on most mineral soils, but they
prefer deep, well drained sandy loams.
Tomato is a moderately tolerant cop to a wide
pH range. A pH 5.5-6.8 is preferred. Soils
extremely high in organic matter are not
recommended due to the high moisture
content of this media and nutrient
deficiencies.
Tomato is considered as one of the important
commercial vegetable crops grown in India.
The total land area under cultivation of this
crop was 458.1 thousand ha during 2001-02
and the area increased to 808.5 thousand ha
within a span of 17 years. Productivity level
of tomato in the country is 24.4 MT/ha, and
production
19696.9
thousand
MT
(Horticulture at glance 2017).
Some studies have shown that higher
tomatoes yields are obtained by drip irrigation
compared to other irrigation methods.
Tekinel et al., (1989) compared drip irrigation
and conventional irrigation methods for
tomatoes in the Cukurova Region in Turkey
and obtained the highest yield and water use
effi ciency (WUE) with drip irrigation.
Jadhaw et al., (1990) tested drip and furrow
methods for tomatoes. Tomatoes yields were
48 t ha-1 for drip irrigation systems with
pressure-compensating emitters and 32 t ha-1
when furrow irrigation was used.

Kadam (1993) compared the effects of
furrow, sprinkler and drip irrigation methods
on the growth of tomatoes and drip irrigation
resulted in the highest plant leaf area and fruit
yields.
Hydraulics of Drip Irrigation
There have been many studies on the
hydraulics of drip irrigation systems. These
studies have commented on the methods and
parameters used for micro-irrigation system
design.
Watters and Keller (1978) reported that the
Darcy-Weisbach equation was employed for
calculating the head loss due to friction in the
trickle irrigation system as the drip pipes were
assumed to be hydraulically smooth.
Kang and Nishiyama (1994) developed a
polynomial expression for the inlet discharge
and the inlet pressure head and used to design
the drip irrigation system.
Bagarello et al., (1997) proposed a procedure
for evaluating local losses caused by the
emitter barb (for those emitters that have
barbs) by characterizing pipe-emitter system
with an obstruction index. They showed that
the loss depends not only on the emitter
geometry, but also on the emitter connection
and deformation of the pipe around the stem.
Singh (1999) listed and described various
standardized specifications and details of
laterals, emitting pipes, micro-tubes, emitters,
micro-sprayers, media filters, ventury
injectors etc. He also discussed the design,
installation, operation and field evaluation of
micro-irrigation systems as per the Bureau of
Indian Standards.
Assouline (2002) Studied and compared the
effect of three emitter discharges, 0.25, 2.0,
and 8.0 lph, on different aspects of the water
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regime in daily drip irrigated corn (Zea Mays
L.), relying on field observations and
numerical simulations. Field observations
show that microdrip irrigation increase yield
although this was not statistically significant
under the experimental conditions and
induces higher relative water content values
in the 0.30 m depth layer, and lower ones in
the 0.60 m to 0.90 m layer. A saturated zone
below the emitter was obtained only for the
8.0 lph discharge. Comparing water content
distributions with depth at the end of the
application of the same amount of water close
to the emitter, the driest profile is obtained for
the lowest application rate. However, when
compared at solar noon representing the time
of the highest plant water demand, the upper
0.20 m layer of the soil irrigated at the lowest
rate was the wettest.
Patel et al.,; (2003) developed a predication
equation(S = 6.914 + 6.70T +2.786 q) for
determining the spacing between two adjacent
laterals, S (cm) for a known operation
duration, T (up to 3 hr) and emission rate of
the laterals, q (ranging between 8 to 16 lph/m)
for closely spaced field crops. Widths of
wetted strips under laterals having emission
rates of 8, 10, 12 and 16 lph/m were observed
under durations of operation of 1, 2 and 3 hr,
in a sandy loam soil. The wetted widths, in all
the line sources were found increasing almost
linearly with time as well as with increasing
emission rates.

procedure based on the assumption of
constant outlet discharge. The results showed
a 2.4% error when compared with total head
loss measurements on 15 commercially
available drip irrigation laterals. One
difficulty in drip irrigation lateral hydraulics
is in determining a correct estimation of the
friction factor, f, as used in the DarcyWeisbach equation to determine hydraulic
head loss in the lateral. This difficulty arises
because of f along the lateral due to changes
in discharge with respect to location.
Shete (2005) reported reasons for variable f
values (Darcy-Weisbach) for laterals with
different diameters, shapes, length, numbers
of outlets and the discharge. The f values for
laterals of 12 mm to 25 mm diameters were
reported for number of outlets varying one to
500.
Kumar et al., (2007) conducted a study to
evaluate the hydraulic performance of drip
irrigation system with four emission devices
viz dripper, micro-tube, drip-in and drip tape.
At a particular spacing, the uniformity
coefficient and emission uniformity increased
while coefficient of variation decreased as the
operating pressure head increased for all
emission devices. The coefficient of
manufacturing variation was lowest for
micro-tubes and highest for drip tape. The
Suitability/unsuitability of different emission
devices was discussed. The microtube was not
suitable for close spacing.

Saxena et al., (2004) conducted a field
experiment in litchi, irrigated by drip and
found that value of Christiansen‘s coefficient
of uniformity remained close to 0.63 and 0.75
respectively, on emitters‘ and plant basis
when 4 drippers were employed per plant.

Yildirim (2007) proposed a simple method for
the hydraulic design of trickle laterals and
showed that in some cases when the local
hydraulic losses were ignored, the system
designs had significant error.

Provenzano et al., (2005) provided a
procedure for evaluating total hydraulic head
losses, including an extended local loss
evaluation procedure, and a simplified

Guohua et al., (2009) carried out a field
experiment and found that profile root
distribution pattern changed with irrigation
methods. Soil profile water uptake was
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correlated to the root system and soil water
dynamics. Due to the appropriate soil water
and higher root density in the surface soil
layer under sprinkler and surface drip
irrigation, the main water uptake zone was
concentrated in the upper layer and under
border irrigation, water uptake in 50 cm to
100 cm depth was stimulated, which caused
the main uptake zone downward.
Siag et al., (2010) studied the impact of
different spacing of surface drip lines and
irrigation levels (0.6, 0.8 and 1.0 PET) on
cotton growth and yield. The results revealed
that cotton yield and water use efficiency
(WUE) under drip was significantly higher
than conventional flood irrigation.
Maximum yield was achieved under drip line
for each row of crop with irrigation level of
0.8 PET, whereas WUE was recorded for the
same drip line spacing, but at 0.6 PET
irrigation levels. The initial growth (as
reflected by leaf area index) was retarded for
drip line in between two rows of crop as
compared to drip line for each row of crop,
but the rate of growth were similar for all drip
line spacing after 45 days of sowing.
Kassab et al., (2012) indicated that decreasing
the amount of irrigation water significantly
reduced plant height, number of green leaves
per plant, head diameter and total dry matter
per plant of sunflower. The same tendency
was observed for yield and its components.
Also, it decreased significantly seed oil
content. But a reverse trend could be detected
concerning water use efficiency. Significant
differences were observed between the two
studied sunflower cultivars with respect to
growth, yield and its components as well as
water use efficiency. Furthermore, there was
no significant interaction between the two
studied factors regarding all studied growth,
yield and its components, oil content as well
as water use efficiency.

Lodhi et al., (2014) conducted a field
experiment with three IW/CPE ratio of 0.60,
0.75 and 0.90 under drip irrigation and found
significant effects of irrigation on leaf area
index, plant height, dry matter accumulation,
number of days to flowering, fruit initiation,
fruit maturity, fruit girth, number of fruit per
plant, fruit length, yield and WUE. Best drip
irrigated treatment IW/CPE ratio of 0.75 gave
an increase of 30.67% over furrow irrigation
with paired row planting and an increase of
33.74% over furrow irrigation with single row
planting. The per cent of water saving for drip
irrigation treatment IW/CPE ratio of 0.60,
0.75 and 0.90 were 51.01%, 39.72% and
28.73% respectively over the furrow
irrigation treatment. Irrigation treatment
IW/CPE ratio of 0.75 gives maximum yield
and highest WUE.
Pressure losses in drip irrigation
The estimation of pressure loss along the
length of a drip line was derived in a form of
simple differential equation by Wu and Gitlin
(1974), while Keller and Karmeli (1974)
devised an equation that was of the power
form for the emitter characteristics.
Christiansen (1942) proposed a simple and
accurate method for finding the friction losses
for pipeline with multiple outlets. This
method can also be applied for laterals with
distributors. The method includes estimation
of friction loss in the line assuming that all the
water is carried to the end of the line and
multiplying this by a loss factor. The loss
factor is a dependent of number of outlets on
the line and the type of equation used. To
accurately evaluate friction head losses along
the laterals, both friction losses and local
losses due to the presence of emitters in pipes
must be considered.
Wu (1975) explained the energy gradient
lines for different field situations. He
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suggested that straight energy line can be used
to design mainlines for drip irrigation system.
He reported that the optimal slope of the
energy gradient line is determined as a curve
little bit below the straight energy gradient
line.
Bezdek and Solomon (1978) have shown that
the Darcy’s-Weisbach equation is a more
accurate basis for calculating head losses in a
smaller diameter drip laterals than HazenWilliam's equation. This is reasonable
because Hazen-Williams equation fails to
account for high Reynolds number and
relatively inaccurate for low velocity or small
diameters. Extreme locations in the lateral and
sub main suggested by Merriam and Keller
(1978) provided useful information on head
losses in laterals and sub main. Gillespie et
al., (1979) showed that the kinetic energy is
considered to be small and neglected to a drip
irrigation line.
Wu and Gitlin (1979) reported that the
pressure variation along a lateral line can be
determined by linear combination of energy
drop by friction and energy gain /loss by
either uniform or non-uniform slope.
Anyoji and Wu (1987) developed a technique
using a statistical approach. Using Taylor's
theories, mean emitter flow could be derived
by considering the pressure head and
proportionality constant k in the emitter
equation q=khx, as two random variables. The
coefficient of variation of pressure head was
statistically determined from the average and
variance of pressure head which was affected
by friction and slope changes along the lateral
line. Based on the coefficient of variation of
pressure head along a lateral line and the
variation of emitter flow caused by
manufacturers.
Hathoot et al., (1993) estimated the friction
head loss between successive emitters by the

Darcy-Weisbach formula, taking into account
the variation of the Reynolds number, the
different zones on Moody diagram and the
friction coefficient formula corresponding to
each zone.
Scaloppi and Allen (1993) derived several
mathematical relations for computing
maximum, minimum and average pressure
heads and their locations of occurrence along
a lateral. When compared to pressure and
locations of occurrence computed using a
discredited, stepwise computation procedure,
values computed using the developed
equations were generally within 5 % for the
locations of occurrence.
Kang and Nishiyama (1994) developed a
simple method for hydraulic analysis of sub
main unit. The lateral discharge equation was
used to express the relationship between the
inlet discharge and the inlet pressure head of a
lateral.
Manisha et al., (2015) studies the hydraulic
performance of drip irrigation system under
different operating pressure. Result shows
that the discharge flow rate of emitter is
increased when the increase of the pressure
and the coefficient of variation is increased
when the pressure is decreased means the
pressure directly affected the discharge rate of
emitter. The average emission uniformity
coefficient observed at 1.5, 1.2, 0.9 and 0.7 kg
/cm2 pressure was 95.04, 95.95, 94.44 and
87.63 percent respectively for 4lph. It is clear
from that emission uniformity at 1.2 kg /cm2
operating pressure.
Economic of drip irrigation
One of the major issues usually raised by the
farmers about this drip irrigation is its
economic viability. This arises of the fact that
drip irrigation is capital intensive technology.
The economic chart developed by Keller
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(1965) could be used in the selection of the
most economical pipe size for a given set of
economic parameters.
Al-Amoud (1996) developed formulae to
estimate pressure drop in hoses with
connected emitters based on the DarcyWeisbach and Hazen-Williams equations.
Based on the statistical analysis of the data,
empirical formulae were developed for plastic
pipes and for emitters.
Bagarello et al., (1997) carried out an
experimental investigation to evaluate local
losses due to the protrusion of emitter barbs
into the flow in drip irrigation lines. Local
losses to different emitter systems were
measured for different Reynolds numbers and
carried out an experimental investigation to
deduce an evaluating procedure of local
losses due to protrusion of emitter barb into
the flow in drip irrigation lines. Local losses
corresponding to different pipe online emitter
systems were measured for different Reynolds
number values.The various friction factors
were evaluated. Hazen Williams and DarcyWeisbach friction factor, ‟f „were found to be
112.8 and 0.593 respectively and Fanning’s
(Ff) and Blassius (Fb) friction factors were
0.0374 and 0.0367 respectively. The
uniformity values were computed by
Christiansen, Wilcox and Keller-Karmelli
formulae. The values of emission uniformity
computed by Keller- Karmelli were logical
and ranged from 96 to 98 %.
Reddy et al., (2000) evaluated pressure
variation in the pipelines using a modified
form of Bernoulli’s equation. Head loss due
to friction was evaluated by Darcy- Weisbach
equation. They reported that it is better to opt
for an economical design with varying pipe
sizes for main lines rather than a design with
uniform pipe size or higher uniformity. It is
possible to save up to 29 per cent on the total
annual cost over the criteria where the

emission uniformity was the lone parameter
in designing the system.
Robert (2000) studied on the economic
comparison of drip irrigation vs furrow
irrigation and found that drip irrigated crop
production has 25% higher yields, 18% lower
chemical costs, 26% lower fertilizer costs,
47% higher capital costs, 19% higher fixed
costs, and 20% lower seed costs and
concluded that drip irrigation produced a 12%
greater net operating profit than furrow
irrigation.
Wang et al., (2000) conducted a study on
emitter flow to improve emitter performance.
The Galerkia penalty finite element method
was applied to simulate the field in the
emitter. At different flow characteristics, the
influence of Reynolds number on the flow
field in typical emitters was analyzed. A new
equation for calculating the coefficient and
rate of discharge was developed using a
nominal simulation.
Vallesquina and Luque- Escamilla (2001)
presented a new approach for solving lateral
hydraulic problems in laminar or turbulent
flow. The outflow was treated as a discrete
variable event by means of Taylor
polynomials used to calculate flow rates along
the lateral. The friction head loss was
calculated using the Darcy-Weisbach
equation with a non-constant logarithmic
friction factor.
Pedro et al., (2001). A new approach for
showing lateral hydraulic problems in laminar
or turbulent flow was evaluated. The outflow
is treated as discrete variable event by means
of Taylor polynomial used to calculate flow
rates along the lateral.
Narayanamoorthy (2003) net income which is
the difference between gross income and total
cost of cultivation, explain the profit level of
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drip irrigation and furrow irrigation method.
Since drip irrigation increases the productivity
with reduced cost of cultivation, the net
income under drip irrigation is substantially
higher than that of crops under furrow
irrigation. The three general categories of
optimization technique for pipe networks
were graphical technique, analytical technique
and simulation technique. Among these three
techniques, analytical technique was the most
widely used technique. Good examples of
application of analytical techniques were the
linear programming methodology based
procedures for the optimization of pipe
networks.
Ramesh (2003) investment decision for
shifting to drip irrigation will depend upon
many factors; including cost of cultivation,
productivity, yield gain factor, cost of
produce, electricity charges, depth of
groundwater and irrigation requirement.
These parameters vary from crop to crop,
place to place, size of plot and farmer to
farmer.
Therefore,
a
sweeping
recommendation suitable for all conditions
cannot be made. In view of this, a software
program has been developed for estimating
the threshold economic value of the
investment cost of drip irrigation. In addition
to the threshold value of investment cost, the
software provides information on energy
consumption and net return. The software can
be used both for annual crops such as
sugarcane or seasonal crops such as vegetable
rotations (winter–summer).
Saini et al., (2006) evaluated drip irrigation
system for different crop sequences, which
consist of vegetable crop sequence, vegetable
and field crop sequence and only field crop
sequence and found that drip irrigation
method gave substantially higher net returns
for vegetable crop sequence, because water
saved with drip irrigation method can be used
to irrigate the additional area. The net return

with drip was 3.6 times higher as compared to
conventional Irrigation method. Other crop
sequences with drip irrigation method also
gave nearly equivalent net return as compared
to conventional method of irrigation.
Abdelraouf et al., (2011) carried out an field
experiment and found that there were no
significant difference between the highest
values of net income under drip line spacing
at 15 cm, 25 cm and 35 cm and sprinkler
irrigation and considering economical view
they recommended the value under 35 cm
drip line spacing 7587(L.E./ ha) in addition to
saving 10% from irrigation water compared
with sprinkler irrigation system.
Kaushal et al., (2011) evaluated benefit-cost
ratio without subsidy and with subsidy on drip
irrigation and found that the treatment
combination of drip irrigation under IW/CPE
ratio 0.75 with 45 cm tunnel height gave
highest benefit cost ratio (2.93 without
subsidy) and (3.05 with maximum subsidy)
on drip irrigation. He also found significant
effect of irrigation, tunnel height on sweet
pepper yield and their interaction was also
significant.
Himanshu et al., (2012) evaluated the effect
of irrigation levels (25, 75,125, 175 and 225%
of pan evaporation replenishment) and lateral
spacing (0.5 m and 1.0 m) and found highest
mean marketable yield of cabbage (90.51
t/ha) when irrigation was applied at 175% of
pan evaporation replenishment with 1.0m
lateral spacing due to the higher mean head
weight (2.26 kg). A further increase in
irrigation amount resulting from 225% of pan
evaporation replenishment reduces the
marketable yield significantly due to
significant reduction in mean head weight
(2.15 kg). Irrigation at 25% of pan
evaporation replenishment gave the higher
irrigation production efficiency (61.59 kg/m3)
with 1.0 m lateral spacing. It decreases
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significantly with increase in irrigation level.
Minimum irrigation production efficiency
was recorded with 225% of pan evaporation
replenishment (13.36 kg/m3) with 0.5 m
lateral spacing because it increases seasonal
water applied considerably but decreases the
marketable yield. Irrigation at 175% of pan
evaporation replenishment and 1.0 m lateral
spacing resulted in higher gross return
(271530 Rs/ha), net return (210972 Rs/ha)
and benefit cost ratio (4.48). In spite of high
initial investment, drip irrigation method is
highly profitable for cabbage production with
1.0 m lateral spacing.
Study of hydraulic performance of drip
irrigation system will be helpful for deciding
Operating pressure, lateral, emitter and plant
spacing along with duration of irrigation
through an emitter of known discharge.
Adoptability of drip irrigation gives higher
production with minimum cost. It was found
that all farmers at least doubled their irrigated
area and reduced labour by half. In India, with
water often pumped from deep tube wells,
introduction of the low cost drip system
showed promising results.
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