Assessment of Various Uniformity Aspects
UnderSurface Drip Irrigation Systemin Tomato

ABSTRACT

Background:Water in any form is the prime constitute of plant growth and development. Right
amount of water applied at right time and in right quantity to any crop will helpful to get maximum yield
potential of that crop. This is possible with surface drip irrigation method. Uniform application of water
through emitters is the necessary aspect to avail benefits like higher water use efficiency of surface
drip irrigation. Uniformity of surface drip irrigation system can be measured by various uniformity
aspects viz.,coefficient of variation (CV), distribution uniformity (DU), statistical uniformity. (SU) and
coefficient of uniformity (CU). Factors like land levelling, maintenance of drip lines, pressure
management etc. plays a vital role in conserving the uniformity of outflow of emitters.

Methodology:In this trial, all these uniformity aspects were measured using catch cane method at
initial stage of drip irrigation system installation and on theibasis of these! dataset several
improvements were made for better uniformity of emitter outflow at later:planting stage.
Results:Coefficient of uniformity (CU) of surface drip irrigation system was recorded 96.89 % at initial
stage and later on it was improved to 97.02 % during the first experimental year whereas in second
year it wasnoted95.58 % at initial stage and was improved t0.96.80 % at later stage.

Keywords:coefficient of uniformity, coefficient of wariation, distribution uniformity, statistical uniformity,
surface drip irrigation, micro irrigation system (MIS)

1. INTRODUCTION

Indian agriculture has significant 19.90% share;in country’s GDP which support the fact that
70% populace of country is directly depends on farming for their livelihood [1]. Horticulture especially
vegetable crops tribute vital contribution in this agricultural GDP which makes it more reliable
crop.Vegetables are good source of vitamins, minerals and other beneficiary elements which makes it
protective food for mankind and'considering this fact Indian council of medical research (ICMR) have
recommended a daily uptake of 300.9 vegetables/day including 125 g green leafy vegetables, 100 g
root vegetables and 75 g other vegetables [2]. Contribution of agriculture towards Indian GDP can be
increase with right selection of crop and applying accurate amount of irrigation water.

Water is a crucial component and deciding factor for successful cultivation of any vegetable
crop. Adequate quantity with precise application method is a key factor for judicious application of
water which leads.to. higher water productivity. Agriculture will face complex challenges bythe year
2050 to satisfy'an estimated population of around 10 billion. To feed this population, more water will
be needed to produce the estimated 60% of extra food [3]. Moreover, water is becoming scarcer day
by day and less than 1% of total 2.75% available fresh water on Earth is potentially available to the
plants. Agricultural sector has been the largest consumer of freshwater for and accounts for about
two-thirds of total fresh water. More emphasis needs to be given to fulfill the requirements of irrigated
agriculture as it doubles crop yield in comparison to rain-fed agriculture. Use of surface drip irrigation
system instead of traditional less efficient methods of water applicationcan effectively improves water
use efficiency and water productivity[4].

Surface drip irrigation is defined as application of water on the surface of soil near the root
zone of crop through emitters with uniform discharge rate [5]. Surface drip irrigation offers several
advantages i.e., precise placement and efficient management of water, improved nutrient and water
use efficiency, uniform application of water, reduced evaporation loss, reduced weed growth, better
water productivity and many more[6] [7]. Benefits of surface drip irrigation system and uniformity of



application water are highly based on several factors like, system design considering land leveling,
slope, laterals cleaning, pressure management, system maintenanceetc.[8] [9].

The uniformity aspects of surface drip irrigation system can be quantified by various
parameters viz., coefficient of variation (CV), distribution uniformity (DU), statistical uniformity (SU)
and coefficient of uniformity (CU). Value of these parameters indicates the uniformity for particular
setup of drip irrigation system and on the basis of these data one can maintain and improve the same.
Uniform water delivery to crop is a critical element in preventing over watering, dry spots in soil,
uneven wetting patterns, crop stress and lack of nutrient delivery. Reasons for low uniformity score in
surface drip irrigation systems are poor maintenance, plugging, improper levelling of land and many
more but with help of these data one can access the issue well in advance before crop sowing or
planting.Higher values (> 90 %) of DU, SU and CU and lower value of CV(< 0.1 %)are desirable to get
excellent uniformity in water distribution of surface drip irrigation system [10].

Considering these, present study was designed to assess various uniformity aspects in field
of tomato under surface drip irrigation system during the tenure of two seasons. The:main objective of
the study was to measure various uniformity parameters at the initial stage (at time of drip irrigation
system installation) and on the basis of these data correction were made in the aspects of various
factor to improve uniformity of surface drip irrigation system at the later stage(at the'time of planting).

2. MATERIAL AND METHODS
2.1 Experimental site

The trial was carried out at Regional Horticultural Research  Station, ASPEE College of
Horticulture and Forestry, Navsari Agricultural University, Navsari;:Gujarat, India during Rabi (winter)
season in two consecutive years 2021-2022. The soil of experimental site was known as black cotton
soil, rich in organic matter, moderately drained with. good water holding capacity. The experimental
field was prepared by ploughing and harrowing. Land, levelling was done with the help of wooden
plank keeping a very gentle slope.

2.2 Drip irrigation system

The experimental areai.e.898.70 m* (2090 m x 43.00 m)comprised of twenty-four plots
havingone main and four submain lines. Area covered by individual plot of experiment was 28.35 m?
(6.3 m x 4.5 m) having seven lateral lines with ten drippers on each lateral. Surface drip irrigation
system was installed according.to-the standard guidelines. Lateral lines incorporated in the trial had
specific featureslike,16 mm diameter, 45 cm dripper spacingand 4 liter hour™(Iph) dripper discharge
capacity. The experimental layout of:-field and plot along with MIS system arrangement were depicted
in Figure 1 and Figure 2, respectively.
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2.3 Estimation of various uniformity aspects of drip irrigation system

Various uniformity aspects of water application through surface drip irrigation system were
calculated two times i.e., at the initial stage (immediate after installation of irrigation system) and at
the later stage (at'the time of planting) in both seasons of experiment. Randomly one emitterwas
selected from a single plot and total twelve plots were incorporatedfor each test. Catch cane method
(Figure 3) was used for collection of outflow from dripper at constant pressure. Bowls were placed
below theemitter and after six minutes, collected water was measured with the help of measuring
cylinder during each test.On the basis of data regarding time duration and quantity of water collection,
average emitter outflow rate as well as various uniformity aspects viz., coefficient of variation (CV),
distribution uniformity (DU), statistical uniformity (SU)and coefficient of uniformity (CU) were estimated
byformulas described below [11].
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Figure8. Catch cane method for measuring emitter outflow

CV was calculated by following formula.

CV =

Q1w

Where,

CV = coefficient of-variation

s =istandard deviation of emitters discharge (Iph)

g = mean emitter flow rate (Iph)

CV value;< 0.05 is considered as excellent. While, value between 0.05 - 0.07 indicates marginal
condition of surface drip irrigation system.

DU was calculated by following formula.

DU = (%) x 100

Where,
DU = distribution uniformity

0iq = mean of lowest one-fourth of emitter discharge (Iph)
g = mean emitter flow rate (Iph)



DU of 90 % - 95 % is considered as good for surface drip irrigation system on land having slope of
about 2 %.

SU was calculated by following formula.

Where,
SU = statistical uniformity

0iq = mean of lowest one - fourth of emitter discharge (Iph)
g = mean emitter flow rate (Iph)

S
SuU =(l—:) x 100
q

SU > 90 % is considered as excellent. While, < 60 % SU is unacceptable.

CU is considered as best measure for evaluation of uniformity of surface. drip irrigation
system. CU was calculated by following formula.

Where,

CU = coefficient of uniformity

Cu =<l—

g; = outflow rates of individual emitter (Iph)

g = mean emitter flow rate (Iph)

N = total number of experimental emitters
CU score > 90 % is considered as excellent in regards to even distribution of water through emitters in
surface drip irrigation system. While, 80 % - 90 % and. 70.% - 80 % score is considered as good and
average, respectively. Whereas, < 70 % score. is considered as poor.

3. RESULT AND DISCUSSION
Data on mean emitter outflow rate through catch cane method for both the experimental
seasons was described in Table 1. The mean emitter flow rate was noted 1.97 Iph at theinitial stage
and at later stage it was 2.63-ph during first experimental season. Same data in second experimental
season was recorded 2.29Iph at'initial stage and that of it was2.99Iphat later stage.
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Table 1: Mean emitter outflow rate through catch can method in both the experimental seasons

First.Season (2021-2022)

Second Season (2021-2022)

Number of At the initial stage At the later stage At the initial stage At the later stage

bowls Quantity Quantity Quantity Quantity
used as of Discharge of Discharge of Discharge of Discharge

catch Wate.rcat.c rate Wate.rcat.c rate Wate.rcaFc rate Wate.rcat.c rate

cans hegl in'six (Iph) heq in six (Iph) heq in six (Iph) heq in six (Iph)
minutes minutes minutes minutes

(ml) (ml) (ml) (ml)

1 200 2.00 265 2.65 220 2.20 310 3.10

2 190 1.90 260 2.60 225 2.25 310 3.10

3 180 1.80 275 2.75 230 2.30 300 3.00

4 190 1.90 260 2.60 250 2.50 300 3.00

5 200 2.00 266 2.66 220 2.20 290 2.90

6 200 2.00 275 2.75 200 2.00 320 3.20

7 200 2.00 265 2.65 235 2.35 300 3.00

8 210 2.10 270 2.70 240 2.40 280 2.80

9 200 2.00 275 2.75 220 2.20 300 3.00




10 200 2.00 240 2.40 230 2.30 300 3.00

11 190 1.90 260 2.60 250 2.50 270 2.70

12 200 2.00 250 2.50 230 2.30 310 3.10
Mean emitter flow rate g=1.97 ) 7=263 i =229 i 7=2.99

@

Data regarding various uniformity aspects of surface drip irrigation system for both the
seasons were outlined in Table 2.All the data regarding various uniformity aspects showed excellent
condition of surface drip irrigation in regards of uniform distribution of water through emitters at each
observation stage for both experimental seasons. Here, the mean emitter out flow rate as well as CU
was observed improved at second stage of observation i.e. after planting during both the experimental
seasons that might be due to the reason that on the basis of data at the initial stage, several
improvements in the aspects of drip laterals cleaning and pressure regulation were dene which
ultimately leads to improveduniform emitter flow rate and CU. The similar outcomes were ‘also noted
by Mohamed et al (2019) [12], Al-Ghobari (2012) [13] and Maroufpoor[14].

Table 2:Various uniformity parameters of surface drip irrigation systemin both the
experimental season

Coefficient of Distribution Statistical Coefficient of
uniformity uniformity uniformity. variation
Experimental (CU)(%) (DU)(%) (SU) (%) (CV)

year At the At the At the At the At the At the At the At the
initial later initial later initial later initial later

stage stage stage stage stage stage stage stage

2021-2022 96.89 97.02 95.59 94.91 96.04 96.00 0.04 0.04
2021-2022 95.58 96.80 93.82 95.26 93.91 92.39 0.06 0.04

Change in data of various uniformity aspects«under surface drip irrigation system from initial
to later stage for both the experimental seasonsweredepicted in Figure 4. Here, upper arrows are for
first experimental season while, lower. arrows are for second experimental season. we can clearly
observe that except DU(%) and, SU(%) in first experimental season all the parameters maintained
uniformity with non significant improvement during the tenure of experiment. This uniform values of
DU, SU and CU along with lower, CV shows that installation and maintenance of drip irrigation system
was done in proper.way:and working condition of system was excellent for uniform application of
water to avail benefits of surface drip irrigation system.Critical role of precise maintenance in regards
of uniform application of water throughdrip irrigation system was also advocated byAscough and Kiker
(2002) [15] and Ella et al. (2008) [16].
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Figure 4.Comparison between initial and later stage data of various uniformity aspects

4. CONCLUSION

Based on the findings of study, it can be concluded that adeguate maintenance of drip system

units can effectively maintainor improve the Coefficient of uniformity (CU) of surface drip irrigation
system whichin turn results in a uniform distribution of water across the field and more efficiently
utilize the advantages of surface micro irrigation systems.
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