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Abstract: This study examined the performance of gravity-fed drip irrigation system under the varying hydraulic head

and sub main line placed on varying field slope for hilly terrain of Sikkim, India. The coefficient of uniformity (CU) and

emission uniformity (EU) of gravity fed drip irrigation system were evaluated for different combinations of hydraulic
head and field slope. From the findings of the study, EU found to be 91.03%, 84.50%, 75.20% and 70.84% at 3.0 m
hydraulic head for 0%, 5%, 10% and 15% land slope respectively. The CU and the EU decreased with lowering the

hydraulic head (tank height and increasing the sub main line slope. The CU and the EU decreased significantly at sub

main slope steeper than 10%. The CU and EU follows a linear relationship with either hydraulic head or slope. At the

3.0 m head at all slopes, the performance of the gravity system was optimum as compared to less than 3.0 m head.

Developed regression models for the CU at varying head and slope may be used for predicting water distribution

uniformity and standardization of gravity drip irrigation system in the region.
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1 Introduction

Agriculture uses more than 70% of all freshwater
withdrawals globally, with irrigation accounting for
the vast majority of this demand. In developing
countries, crop production is very dependent on the
availability and quality of water resources. Therefore,
for the agro-food business to be sustainable and
productive, better agricultural water management is
crucial. Irrigated land is two to three times more
productive than rained land. Irrigated farmland has
helped India produce more food in recent years.
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Irrigation also improves the efficacy of other
agricultural inputs including fertilizers, better seeds,
and agrochemicals.

Surface irrigation techniques including border,
check basin, and furrow irrigation have been
employed by Indian farmers for a long time. Due to
the inefficiency of these methods, long-term
environmental problems such salinity, runoff, and
water body contamination ensue (Tripathi et al.,
2011). Due to limited water resources and the
negative environmental effects of conventional
irrigation techniques, drip irrigation technology is
becoming more and more popular. Drip irrigation has
been found to be an excellent way for lowering water
application and boosting water use efficiency by
supplying consistent water directly to each plant's
root zones, particularly in locations where rainfall is
uneven and scanty (Champaneri et al., 2023).
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Narayanamoorthy (2003) argued water utilization
efficiency of up to 90% in drip irrigation compared to
30%-40% in furrow irrigation. Although the drip
irrigation system is considered to be the most
successful irrigation system, but its performance is
significantly affected due to water quality issues,
improper design and layout, mismanagement, and
system maintenance issues (Dagdelen et al., 2009;
Champaneri et al., 2023). The emission uniformity
(EU) and coefficient of uniformity (CU) of a drip
irrigation  system indicates how uniformly it
distributes water over a field. It is regarded as one of
the most significant factors in the selection, design,
and management of drip irrigation system (Tagar et
al., 2010). Drip irrigation systems that are properly
designed and operated save a large amount of water
and energy. Poor drip irrigation system design may
result in under watering and overwatering in the field
(Sinha and Shasikant, 2021). When compared to
traditional irrigation, drip irrigation increases water
use efficiency saves water (20% to 60%), reduces
fertilizer requirements (20% to 33%) through
fertigation and increase yield and quality of produce
(Mane et al., 2008). Water distribution uniformity
(WDU) is an important element to consider while
characterizing drip emitters and designing a drip
irrigation system. In general, the CU and distribution
uniformity (DU) increase with increasing heads and
decrease with increasing slope. Saxena and Gupta
(2006) evaluated the hydraulic performance of drip
irrigation  under  Litchi  plantations  through
Christiansen's CU and reported that the system
performed well although its performance improved
after change of drippers. Ella et al. (2009) discovered
that the homogeneity of water distribution reduced as
the slopes increased in a low-cost drip irrigation
system with varying slopes and hydraulic loads. They
reported that the WDU influenced by the hydraulic
head and the slope. Tagar et al. (2010) evaluated the
hydraulic performance of different emitters under
varying lateral lengths in Karachi, Pakistan. They
found 91.2% and 88.2% of emission uniformity with
pressure compensated type emitters and 82.8% and

79.4% emission uniformity using micro tube type
emitters. Valiahary et al. (2014) evaluated the
emission uniformity for trickle irrigation systems in
Iran. They found that emission uniformity (EU) of the
systems varied within the range of 48.13% to 82.8%
and reported that reduction in the crop yield due to
the non-uniform distribution of water. Colak et al.
(2018) evaluated effect of surface and subsurface drip
irrigation regimes on the yield and quality of eggplant
in the Mediterranean Region of Turkey. Chamba et al.
(2019) studied the hydraulic characteristics of drip
irrigation  system  performing the laboratory
experiment under a various range of pressure heads.
Mostafa and Sultan (2018) performed the hydraulic
evaluation of locally modified emitter under
laboratory conditions under different operating
pressures (0.50 to 1.25 bar) to determine emitter flow
rates and emitter EU and manufacturing coefficient of
variation (CV) and reported 98.5%, EU and 93.8%
EU for the original emitter and the modified emitter,
respectively. Mohammed et al. (2021) studied the
effects of land slope on hydraulic performance and
water productivity of cucumber under drip irrigation
system in greenhouse and reported that there was a
significant difference (p<0.05) on all the hydraulic
performance parameters due to variation in land
slopes. Nogueira et al. (2021) studied the variation in
the flow rate of drip emitters in a subsurface irrigation
system for different soil types using a pressure-
compensating drip emitter (PC) and a non-pressure-
compensating emitters (NPC). They reported that the
flow rate varied even at shallow depths for some soils,
and the soil type and emitter flow rate affected this
variation.

Martinez et al. (2022) evaluated the hydraulic
performance of two locally available low-cost drip
irrigation Kits under constant head conditions having
10 m submain and 20 m lateral length. Results
showed that emitter discharge rate increased with
increasing operating hydraulic head of gravity drip
system. They also reported that the Christiansen’s CU
in the range of 97.5% to 98.5% and EU ranged from
95.9% to 97.7%.
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In the state of Sikkim, people usually adopt the
conventional surface irrigation methods to irrigate the
crop. The main drawback of surface irrigation is the
loss of water by evaporation, percolation losses, low
application efficiency and high conveyance losses.
Moreover, there is a tendency of farmers to apply
excess water when it is available and under limited
water supply condition they tend to increase irrigation
interval without considering the critical stages, this
results in low yield and poor quality produce. Drip
irrigation provides small and frequent water drop by
drop directly in the area of plant root zone using less
amount of water. Drip irrigation is preferable for the
cultivation of organic vegetable and fruits crops due
to its high economic return. A gravity fed irrigation
system is a cheap effective way to provide water for a
smaller sized crop area. The North Eastern Region
(NER) of India including the area under study
consists of hilly topography, cropping areas are
characterized by small plots. Due to topographical
advantages, drip irrigation systems in hilly areas can
be pressurized by elevation change without the need
for pumping (Patle et. al., 2018). The use of low cost
gravity drip irrigation system may pave the way to
find solutions to these problems. Non-uniform
distribution of water severely affects the crop
performance and the vyield. In gravity fed drip

irrigation, proper operating head is very essential as it
governs the flow performance namely WDU. WDU is
one of the important criteria and is influenced by the
operating head of the drip system and ground slope
(Raphael et al., 2018). Considering above points, this
study was undertaken for evaluating the effect of
varying hydraulic head and land slope on WDU and
to develop the regression models between WDU and
hydraulic head or slope for adjudging the
performance of low cost gravity fed drip irrigation
system.

2 Material and methods

2.1 Description of study area

The experiment was carried out at College of
Agricultural ~ Engineering and  Post  Harvest
Technology (CAEPHT), Ranipool Gangtok, Sikkim.
The experiment site is situated near the New Girl’s
Hostel of CAEPHT having latitude 27 °17°23” N to
longitude 88 35°26” E (Figure 1). The climate in the
area is semi-humid, with annual rainfall of 2045 mm
and most of which received in June to September
month. The winter season in the region is mostly dry
with almost no rainfall. The average wind speed of
the area is 1.2 km h. Soil analysis was carried out
for determining texture, bulk density, infiltration rate
etc.
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An experimental setup for the evaluating the
effect of hydraulic head and slope on WDU consists
of fabrication of angle iron stand, development of
gravity fed drip irrigation system for the 80 m? area
and its installation and evaluation of the gravity drip
system with respect to changing tank height and land
slope. Angle iron stand of 3.5 m height was fabricated
and fixed in the ground for keeping the water storage
plastic tank of 500 liter capacity. Provision for
lowering and rising of water storage tank height was
made. Installation was done by erecting four legs of
the stand at about 50 cm depth and cement grouting
was done for more stability of sand.

2.2 Development and installation of gravity fed
drip irrigation system

In the hilly state of north east region and
particularly in Sikkim state, farmers cultivate
vegetables and flowers inside the polyhouse of about
sizes ranging from 50 to 100 m? or in the open field
area available near the house. Fields are mostly

undulating and sloppy which are available for the
cultivation of the crops. In view of above gravity fed
drip irrigation system was developed and installed for
an area of 80 m? (10 m %8 m). Following steps were
considered for the design of gravity drip irrigation
system namely selection of dripper (emitter),
selection and design of lateral, selection and design of
sub-main and selection of design of main line. Patle
et al. (2018) has reported the water requirement of
vegetables (broccolli, cauliflower, cabbage etc.) is
less than 2 liters per day for Sikkim condition.
Therefore, gravity drip system was installed using 2
LPH pressure compensating (PC) drippers.
Performing the standard calculations, 50 mm PVC
mainline and 40 mm submain line was selected with
the 12 mm linear low density polyethylene (LLDPE)
lateral pipe. Gravity drip was installed on the 80 m?
area. Table 1. Shows the detail information for the

installed gravity drip irrigation system.

Table 1 Detail information about installed gravity drip irrigation system

Particulars

Specifications

Experimental plot size
Storage Tank
Mainline/sub-main
Laterals
Emitter type
Spacing between lateral and emitters

80 m? (i.e. 10m x8m)
500 liters
50/40 mm diameter
12 mm diameter, 10 m length
2 Iph online PC emitters
cm x50 cm

2.3 Evaluation of the gravity drip system

The gravity fed drip irrigation system was tested
at different levels of operating heads 1 m, 2 m, 2.5 m
and 3m etc. with respect to the junction of the first
lateral on the upstream side, at varying sub-main
slope (i.e. 0%, 5%, 10% and 15%). The slope of the
lateral was kept at zero per cent. For each setting,
emitter discharge was measured through direct
volumetric measurement from the selected emitters
from each lateral. Emitter discharge was measured for
the different tank height and slope treatments. Three
observations were taken and average of three was
used for the calculation of different hydraulic
parameters and evaluation of the system.
2.4 Determination of water distribution uniformity
(WDU)

Direct measurement of emitter discharge data was

used to calculate the water distribution uniformity.
Following indices were used for the determination of
water distribution uniformity (WDU).
2.4.1 Christiansen's uniformity coefficient (CUC):
Christiansen (1942) described the CU is a
measure of absolute difference from the mean divided
by the mean. The Christiansen's uniformity
coefficient (CUC) can be expressed as Equation 1.
rfad

cuc = Lf x100% (1)

Where, CUC is the Christiansen uniformity
coefficient, %;

a =mean emitter flow discharge, litres/ hr

g; =emitter flow discharge, litres / hr

n =total number of observations / emitters

2.4.2 Merriam and Keller’s emission uniformity



September, 2024

AgricEnglnt: CIGR Journal Open access at http://www.cigrjournal.org

Vol. 26, No.3 5

The emission uniformity of Merriam and Keller
(1978) can be expressed as Equation 2.
EU, = (%] x100% )
Where, EUs is field emission uniformity, %; qgn is
the average of lowest 1/4 of the emitter flow rate,
liters/hr; and ga is the average of all emitter flow rates,
liters/hr.
Coefficient of variation (Cy): It was calculated by
using the expression Equation 3.
Cy=S/q 3)
Where, Cy is the coefficient of variation of emitter
flow and S is the standard deviation of the emitter
flow.

2.5 Development of the regression models

Mathematical relations were developed to relate
the uniformity coefficient with varying operating
heads at different slopes.

3 Results and discussion

3.1 Development of gravity drip irrigation system

Gravity drip irrigation system was developed and
installed at the experimental site for evaluating the
effect of tank height and slope on the water
distribution efficiency. The Schematic layout of the
developed gravity system with the specifications is
shown in Figure 2. The components of developed
gravity drip irrigation system are shown in the figure.
Experimental field view of gravity drip system at 0%
slope and 3.0 m tank height and at 10% slope and 3.0
m tank height is shown in Figure 3.
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Figure 2 Schematic layout of the experimental field

3.2 The performance evaluation of gravity drip
system

The performance of the gravity drip irrigation was
tested at the different hydraulic head and land slope
and is shown in terms of the WDU which also known

R g

y

Figure 3 Experimental field view of gravity drip system at 0% slope and 3.0 m tank height and at 10% slope and 3 m tank height

as CU. Results are presented in Table 2 and Figure 4.
CU was found to be 92.08%, 84.51%, 81.35% and
77.55% at 3.0 m hydraulic head for 0%, 5%, 10% and
15% slope respectively. Similarly, CU was 90.37%,
81.21%, 78.00% and 72.61% at 2.5 m head. In case
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of 2.0 m head, coefficient of uniformity found to be
88.24%, 80.54%, 71.57% and 63.55% at 0%, 5%,
10% and 15% slope, respectively. In case of 1.5 m
hydraulic head, CU ranges from 85.13% to 61.66%
for the 0 to 15% slope, whereas, the CU was 80.25%
at 0% slope and 69.01% at 5% land slope. From the
results, it was observed that as the tank height
increases, the coefficient of uniformity of the gravity
fed drip irrigation system is also increased. Whereas,

as the land slope increases, the coefficient of
uniformity also decreased significantly. This was
mainly due to the variation in the system pressure and
the emitter discharge. Gravity drip irrigation showed
the good performance up to 10% land slope for tank
height of 1.5m to 3.0 m. This performance is also
attributed to the use of pressure compensating
emitters for the sloppy terrain.

Table 2 Coefficient of uniformity at different slope percent

Coefficient of Uniformity at different slope percent

Tank height/Head
0 5 10 15
3.0 92.08 8451 81.35 77.55
25 90.37 81.21 78.00 72.61
2.0 88.24 80.54 71.57 63.55
15 85.13 78.17 70.67 61.66
1.0 80.25 69.01
100 - m0% m5% ®m10% 15%

80 A

60 1

40 1

Coefficient of uniformity (%o)

3.0

25

2.0

15 1.0

Hydraulic head (m)
Figure 4 Effect of coefficient of uniformity at different land slope

3.3 Emission Uniformity (EU) vs. slope

Results of emission uniformity (EU) are presented
in Table 3 and graphical presentation are shown in
Figure 5. Emission uniformity found to be 91.03%,
84.50%, 75.20% and 70.84% at 3.0 m hydraulic head
for 0%, 5%, 10% and 15% slope respectively.
Similarly, emission uniformity (EU) was 90.00%,
80.80%, 70.27% and 64.65% at 2.5 m head. In case
of 2.0 m head, emission uniformity found to be
85.00%, 73.03%, 67.58% and 60.77% at 0%, 5%,
10% and 15% slope, respectively. In case of 1.5 m
hydraulic head, EU ranges from 82.11 to 57.66% for
the 0 to 15% slope whereas, the emission uniformity

was 80.21% at 0% slope and 67.50% at 5% land
slope. From the results, it was observed that as the
tank height increases, the emission uniformity of the
gravity fed drip irrigation system is also increased.
Whereas, as the land slope increases, the emission
uniformity also decreased significantly. This was
mainly due to the variation in the system pressure and
the emitter discharge. Gravity drip irrigation showed
the good performance up to 10% land slope for tank
height of 1.5 m to 3.0 m. This performance is also
attributed to the use of pressure compensating
emitters for the sloppy terrain.

A criterion for the drip irrigation system
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uniformity classification is based on uniformity

coefficient and is shown in Table 4.

Table 3 Emission uniformity w.r.t. slope and head

Head/slope 0% 5% 10% 15%
3.0 91.03 84.50 75.20 70.84
25 90.00 80.80 70.27 64.65
2.0 85.00 73.03 67.58 60.77
15 82.11 70.17 64.67 57.66
1.0 80.21 67.50

100.00 -
m 0% 5% m10% 15%

Emission uniformity (%o)

80.00 A

60.00

40.00

20.00

0.00 - T T T 1
3.0 2.5 2.0 1.5 1.0

Hydraulic head (m)
Figure 5 Effect of emission uniformity at varying hydraulic head and slope (%)

Table 4 Coefficient of uniformity classification for drip irrigation system

Coefficient of Uniformity, CU (%)

Classification

Above 90 %

90%-80%

80%-70%

70%-60%

Below 60%

Excellent
Good
Fair
Poor

Unacceptable

Table 5 Linear regression models between CU and head at various slopes

Slope (%) Linear regression model R?
0 Y=-2.89x + 95.884 0.95
5 Y=-3.404x + 88.9 0.84
10 Y= -3.847x + 85.015 0.93
15 Y=-5.673x + 83.025 0.95

Note: Y = coefficient of uniformity, CU (%); x = head (m).

3.4 Development of regression models

between
WDU or CU and head or slope was established

Mathematical  relationships/models
through linear regression analysis. Here CU was
considered as a function of either head or slope.
Linear trends were observed with the R2. In this study,
coefficient

Christiansen’s of uniformity was

considered instead of Merriam and Keller’s emission
uniformity owing to a better linear trend in the results
of CU as compared to EU.

Table 5 and Figure 5 shows the results of the
linear regression analysis between CU and slopes at
varying head. All linear regression models exhibited
relatively high R? value ranging from 0.84 to 0.95.
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While most of the models are able to explain the
variation substantially. Derived models for the O to
for

15% slope may be useful predicting the

coefficient of uniformity of the gravity fed drip

100 -

e (= [=2e]
=) = =)
1 1 1

Coefficient of Uniformity (%o)
[
=

irrigation system when the operating head with
respect to the junction of the most upstream lateral is
set between 1.0 m and 3.0 m.

o 10%

3.0

[ ]

-5

20 1.5 1.0

Hydraulic head (m)

Figure 6 Effect of head on coefficient of uniformity at various slopes

Note: Y = coefficient of uniformity, CU (%); x = submain slope (%).

Table 6 and Figure 7 shows effect of head on
uniformity coefficient at varying slope for the gravity
drip irrigation system. Results show that R? value
vary between 0.96 to 1 for the different head ranging
from 3.0 m to 1.5 m, respectively. It was also
observed that as the slope increases the coefficient of
uniformity also decreased. This is mainly due to the
more variation in the emitter discharges. Moreover, as
far as design is concerned, the choice of water
distribution parameter is not critical. In fact, any of
the measures of water distribution uniformity may be
used for design purposes as suggested by Barragan et
al. (2005). In their study, it was demonstrated that EU,
CU and other
uniformity are highly correlated with each other,

measures of water distribution

making any of them eligible as a design criterion. Ella
et al. (2009) and Barragan et al. (2005) reported that

emission uniformity and the CU is highly correlated
to the head or slope, any of both the parameter can be
used as the design criteria for the drip irrigation
system. Hence, for purposes of developing
mathematical relationships for drip irrigation system
design, the use of CU over EU should not create any
problem.

Regression models were developed studying the
effect of head on emission uniformity at varying
slopes as shown in Table 7. R? value ranging from
0.84 to 0.99 in case of emission uniformity Derived
models for the 0 to 15% slope may be useful for
predicting the emission uniformity of the gravity fed
drip irrigation system when the operating head with
respect to the junction of the most upstream lateral is

set between 1.0 m and 3.0 m.

Table 6 Effect of head on coefficient of uniformity at varying slope

Head (m) Linear regression model R?
3 Y=-4.675x + 95.56 0.96
25 Y= -5.649x + 94.67 0.96
2.0 Y=-8.304x + 96.735 0.99
15 Y=-7.791x + 93.385 0.99
1.0 Y =-11.24x + 91.49 1

Note: Y = coefficient of uniformity, CU (%); x = submain slope (%)
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Table 7 EU effect on head at various slope

Slope (%) Linear regression model R?
0 Y= =-1.686x + 93.166 0.82
5 Y= =-3.004x + 89.5 0.84
10 Y= =-2.847x + 84.015 0.99
15 Y=-4.173x + 81.525 0.99
9 100 7 2.5 m ( Hydraulic head)
g % 3 m (Hydraulic head) 30
: 5
£ £
ERE 2 60 4
£ E
a =
H 80 g 490
=]
75 20
70 0 T T T
0 5 10 15 0 5 10 15
Land slope (%) Land slope (%)
1.5m (Hydraulic head)
2.0m (Hydraulic head)
100 100
-
\3
- 80 S., 80
5 g
& E
g o g @
3 g
g w0 2 %
3 g
20 n
o 0

0 5 10 15
Land slope (%)

0 5 10 15

Land slope (%)

Figure 7 Effect of head on varying slope

Land and water are two vital resources and play a
key role in the sustainable crop production in the hilly
regions of India. Nowadays availability of productive
land and fresh water becoming scarce and also
threatening the agriculture production system. Sikkim
has 7096 Sg. km. area of which only 15% area is
under agriculture at varying altitude. Though the state
receives more rainfall but observes water shortage
mainly due to less water holding capacity of soil,
insufficient storage facilities and inherent topographic
limitations etc. Production of the horticultural crops
Sikkim
management especially by adopting the low cost

can be increased in through  water
gravity drip irrigation system. Such interventions are
suitable for the small farmers and may be adopted at
large scale in the hilly landscape of the state if proper
guidance/technical knowledge provided to the

farmers.

4 Conclusions

Gravity drip irrigation system was designed for
the small area of 80 m? at the experimental field of
the college of Agricultural Engineering and Post
Harvest Technology, Ranipool, Sikkim and was
evaluated for the effect of varying head and slope on
the WDU as represented by CU. Following
conclusions were drawn from the study: Emission
uniformity found to be 91.03%, 84.50%, 75.20% and
70.84% at 3.0 m hydraulic head for 0%, 5%, 10% and
15% slope respectively. The CU and the EU generally
follow a linear relationship with either hydraulic head
or slope. The CU and the EU decreased significantly
at head at all slopes, the performance of the gravity
submain slopes steeper than 10%. At the 3.0 m
system was optimum as compared to less than 3.0 m
head. Developed simple regression models for the
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coefficient of uniformity at varying head or slope
may be used for predicting water distribution
uniformity.

Acknowledgement

Author express his sincere gratitude to the Central
Agricultural University, Imphal for the providing the
laboratory and field facilities to conduct the
experiment.

References

Barragan, J., V. Bralts, and I. P. Wu. 2005. Assessment of
emission uniformity for micro-irrigation  design.
Biosystems Engineering, 93(1): 89-97.

Chamba, D., S. Zubelzu, and L. Juana. 2019. Determining
hydraulic characteristics in laterals and drip irrigation
systems. Agricultural Water Management, 226: 105791.

Champaneri, D. D., K. D. Desai, T. R. Ahlawat, and P. K.
Shrivastava. 2023. Assessment of various uniformity
aspects under surface drip irrigation system in tomato.
International Journal of Environment and Climate
Change, 13(3): 47-55.

Christiansen, J. E., 1942. Irrigation by Sprinkling. California
Agriculture Experiment Station Bulletin, No. 670.
Colak, Y. B., A. Yazar, E. Gonen, and E. C. Eroglu. 2018.
Yield and quality response of surface and subsurface
drip-irrigated eggplant and comparison of net returns.

Agricultural Water Management, 206: 165-175.

Dagdelen, N., H. Basal, E. Yilmaz, T. Giirbiiz, and S. AkQy.
2009. Different drip irrigation regimes affect cotton
yield, water use efficiency and fiber quality in western
Turkey. Agricultural Water Management, 96(1): 111-
120.

Ella, V. B., M. R. Reyes, and R. Yoder. 2009. Effect of
hydraulic head and slope on water distribution
uniformity of a low-cost drip irrigation system. Applied
Engineering in Agriculture, 25(3): 349-356.

Mane M. S., B. L. Ayare, and S. S. Magar. 2008. Principles of
Drip Irrigation System. 1-189. New Delhi: Jain Brothers
Publications.

Martinez, C. G., C. L. R. Wu, A. L. Fajardo, and V. B. Ella.
2022. Hydraulic Performance evaluation of low-cost
gravity-fed drip irrigation systems under constant head
conditions. 10P Conference Series Earth Environment
Science, 1038: 012005.

Merriam, J.L. and J. Keller 1978. Farm Irrigation System
Evaluation: A Guide to Management. Utah State
University, Logan, Utah.

Mohammed, H. M., A. M. Hassan, M. E. Hassan, and Z. N.
Hassan. 2021. Hydraulic performance of drip irrigation
system in a sloped greenhouse and effects on cucumber
(Cucumis sativus, L.) yield and water productivity.
Middle East Journal of Agriculture Research, 10(4):
1138-1148.

Mostafa, H., and W. Sultan. 2018. Hydraulic evaluation of
locally modified emitter under laboratory conditions.
Journal of Water Supply: Research and Technology-
Aqua, 67(3): 291-296.

Narayanamoorthy, A. 2003. Averting water crisis by drip
method of irrigation: A study of two water intensive
crops. Indian Journal of Agricultural Economics, 58(3):
427-437.

Nogueira, V. H. B., A. V. Diotto, M. S. Thebaldi, A. Colombo,
Y. F. Silva, E. M. de Castro Lima, and G. F. L. Resende.
2021. Variation in the flow rate of drip emitters in a
subsurface irrigation system for different soil types.
Agricultural Water Management, 243: 106485.

Patle, G. T., S. R. Yadav, and V. Pandey. 2018. Effect of
irrigation levels and mulching on growth, yield and
water use efficiency of cauliflower and broccoli in
perhumid ecoregion. Multilogic in Science, 8(25): 188-
191.

Raphael, O. D., M. F. Amodu, D. A. Okunade, O. O. Elemile,
and A. A. Gbadamosi. 2018. Field evaluation of
gravity-fed surface drip irrigation systems in a sloped
greenhouse. International Journal of Civil Engineering
and Technology, 9(10): 536-548.

Saxena, C. K., and S. K. Gupta. 2006. Uniformity of water
application under drip irrigation in Litchi plantation and
impact of pH on its growth in partially reclaimed alkali
soil. Journal of Agricultural Engineering, 43(3): 1-9.

Sinha, B. L., and Shasikant. 2021. Hydraulic performance
evaluation of drip irrigation system under field
condition in  Chhattisgarh  plain.  Journal  of
Pharmacognosy and Phytochemistry, 10(s2): 79-83.

Tagar, A. A, M. S. Mirjat, A. Soomro, and A. Sarki. 2010.
Hydraulic performance of different emitters under
varying lateral lengths. Pakistan Journal of
Agriculture,

Veterinary Sciences, 26(2): 48-59.
Tripathi, V. K., T. B. S. Rajput, N. Patel, and Lata. 2011.
Hydraulic performance of drip irrigation system with

Agricultural  Engineering  and

municipal wastewater. Journal of Agricultural
Engineering, 48(2): 15-22.

Valiahary, S., A. A. Sadraddini, A. H. Nazemi, and A.
Majnooni-Heris. 2014. Field evaluation of emission
uniformity for trickle irrigation systems (case study:
Sattarkhan irrigation network). Agriculture Science
Developments, 3(6): 205-208.


javascript:;
javascript:;

