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ABSTRACT
MOISTURE AND SALINITY STATUS UNDER
MICRO-IRRIGATION SYSTEMS IN VERTISOLS
By
KAILAS TUKARAM KADLAG
A candidate for the degree of
MASTER OF TECHNOLOGY ( AGRIL. ENGG.)

MAHATMA PHULE KRISHI VIDYAPEETH
RAHURI ~ 413 722

1995

Research BGuide ¢ Prof. N. N. Firake

Department 1 Irrigation and Drainage Engineering
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The present investigation was carried out tao
study the hydraulic performance, moisture distribution
pattern and salinity status under different
micro—-irrigation systems viz. dripper, strip tape and
microsprinkler in vertisols during summer, 1994 at the
Instructional Farm, Department of Irrigation and
Drainage Engineering, Faculty of Agricultural
Engineering, Mahatma Phule Krishi Vidyapeeth, Rahuwri.
The recommended operating pressure of dripper, strip
tape and microsprinkler systems were 1.00, 0.7% and 1.50

kg/cmz, respectively.

The hydraulic performance of these systems
were evaluated in respect of pressure—~discharge
relationship, emission uniformity, uniformity
coefficient and lateral head loss. The correlations

between pressure head in kg/cm2 and emitter discharge in
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l1ph for the different lateral lengths ( i.e. 25, %0, 78
and 100 m ) were developed in the form of Q = a Hb, in
which & and b are constants. The emission uniformity
(EU) at recommended H were in the range of 84.3 to 92.8
per cent, 2.9 to 97.8 per cent and é1.1 to 89.6 per
cent, respectively for dripper, strip tape and
microsprinkler systems for the different lateral lengths
of 25 to 100 m the uniformity coefficient (UC) of the
microsprinkler system was found in the range of 88.1 to
?6.3 per cent. It was observed that the EU and UC

decrease with increase in the lateral length.

Considering 20 per cent allowable head losses
in the lateral at recommended pressure, the maximum
lateral length of 67, 100 and 30 m , could be used
respectively in dripper,strip tape and microsprinkler

system.

The moisture distribution pattern in the soil
was studied under different set of conditions of
discharge rate (@), water volumes (V) and time interval
{t) wunder these systems. In drip system, the water
volumes of 3, 10 and 1% lit were applied for different
discharge of %, 4 and 5 lph, and in case of strip tape
system, the water volumes of &, 10 and 15 1it were
applied at 2, 3 and 4 lph/m, whereas in case of
microsprinkler system, the water volumes of 40, &0 and
80 lit were applied at different discharge of 30, 38 and

40 1ph for studying the moisture distribution pattern
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each at 0O, 24 and 48 hour after irrigation. The moisture
digtribution pattern was studied by plotting the iso-

moisture lines of 36 per cent ( i.e. field capacity ).

In drip system, the maximum radial spread and
vertical advance of moisture at 4 1lph discharge was in
the range of 12.8 to 25.5 cm and 30.0 to 49.0 cm at 48
hr after irrigation, when the water was applied in  the
range of 9 to 1% lit. However, in strip tape system at 4
lph discharge the maximum radial spread and vertical
advance of moisture was in the range of 10.5 to 146.0 and
268.0 to 35.0 cm at 48 hour after irrigation, when the
water was applied in +the range of 10 teo 1% 1lit.
Similarly, in microsprinkler system the vertical advance
was 29.6 to 41.%9 ocm at 35 lph discharge at 48 hour after
irrigation, when the water was applied in the range of

40 to 80 lit.

In generg}, it was found that as the 0
increased, the maximum radial spread from emitter
increased and vertical advance decreased at constant
volume of water and elapsed time. It was observed that
variation in moilisture distribution pattern to the
greater edtent was due to different modes of water
application. Congidering the radial spread and vertical
advance of moisture in the soil, the correlations were
developed., The correlation between emitter discharge (@)

in 1ph, volume of water (V) in lit and maximum vertical



XX

neae e Roast tutee Soms e VS an Seste Sedes Stsad HOPS Hary Pemee Siere MAS 000E Lokt OO Seren ASIES SOOSL Sebed M FLets Shb APVNY SOLd S Fusns SHLLS Greah St S AUk sacht Sbtem v - amen

Abstract contd... Kadlag K.T.

oetk ekt Sarmn ceaps Geenn SLats BBES s Sehe Shone anden S0O4E Shmes $mss Sepee Jesed S00te Boste Suemd e sendl 4RP Bered Bubus ey beeth Hbbe FSUR Shube areos BH04e Seeds Sembe Sesde JOE Seebs 40D Seied Smetd A Shple e Setat s -

advance (Va) in cm were developed in the polynomial form
of three dimension and second order. Similarly, the
correlation between volume of water (V) in lit, depth of
#0il (d) in cm and radial spread of wetting front (Rsa)
in ocm were also developed in polynomial form of three

dimension and third order.

The salt distribution under dripper, strip
tape and microsprinkler emitters was studied in chilli
at one month interval in clayey sonil which was sodic in
reaction. The salt distribution was studied by plotting
the iso-salinity lines. It was observed that the salt
distribution under these micro-irrigation systems was
differed considerably due to the different modes of

water application.

In dripper system, the salts were found
concentrated at the periphery of wetted soil on soil
surface, whereas in strip tape system the salts were
concentrated at the edge of the wetted strip of soil on
s0il surface. However, in microsprinkler system, the
salts were leached down below 4%cm depth of soil over a
period of 15%0 days. Amongst all these micro-irrigation
systems, the microsprinkler system af irrigation was
found effective in lowering the salinity level below the

root zone of chilli.
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1. INTRODUCTION

indian agriculture depends mainly on the
monsoon tains received from June through QOctober. About
78 per cent of the cultivated area in the country
depends on rain, even—after the spectacular achievements
in increasing the irrigation potential. The area under
irrigation increased from 38.3 M ha in 1970 to 59.3 M ha
in 1989 and is anticipated to reach 84.0 M ha by the

turn of the century ( Anonymous, 1992 ).

Surface methods of irrigation are the most
prominent method of irrigation in India, which have
comparatively poor water use efficiency. Water was used
indiscriminately with a belief that higher the amount of
water applied, higher will be the crop vields. The
application of excess water proved not only less crop
yields but alsco created the problems of drainage and
salinity , which ultimately resulted in uplift of lands

for cultivation.

Maharashtra state is blessed with an
ahbundance of the deep black soils. These soils are
unigue in  their properties in the world. High clay

content, dominance of montmorillonite clay mineral, low
infiltration rate., slow permeability and inherent water
logging tendency are some of the soil characteristics
those concerned most while irrigating them. These
characters . make these soils prone to deterioration in
terms of waterlogging and salinity-alkalinity under

itrigation.
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In the arid and semi-arid regions, there is

scarcity of water due to fluctuation in rainfall,

accurrence of drought years and higher depth of ground
water level. These faclts necessitated to increase the
productivity of crop per unit guantity of water. This
very need has resulted in evolution of new methods of

irrigation krnown &s pressurised irrigation methods.

v In case of pressurised irrigation methods,
the micro-irrigation methods are better than sprinkler
irrigation in respect of water saving and guantity and
gquality of farm produce. In water scarcity regions , it
is possible to irrigate double the land with the help of
micro~irrigation systems as compared to traditional

irrigation methods (Sivanappan, 1987).

? Micro—~irrigation systems are of three types
depending upon the mode of application of water.
{a) point source micro-irrigation systems i.e. drip
irrigation with different types of emitting devices,viz.
micro—tubes and drippers,
(h) line source micro-irrigation systems like hiwall
systems of different typesi typhoon type; turbo-or T-
tape, gqueen gil type and strip tape, and
{c) microsprinkler systems such as rotating and

stationary microsprinklers. 7

I canal command areas at many locations
there exists high water tables.As such these soils

normally contain more NaCl and CaC0y than other salts,



resulting in higher electrical conductivity values more

than 3 dS/m. Spil salinity is also increasing due to use
; : 2+ 2+ - 2

of well water, rich in Ca®", Mg* , C1 , 804 and HCO«.

The continuous uwse of saline water from such wells

affect the crop growth. In such conditions the micro

irrigation have special advantage of using poor quality

af water effectively for irrigation, which is rnot

achieved with any other method of surface irrigation.
i‘%

Micro-irrigation systems can thus play a very
important role in irrigated agriculture, in India, for
maximisation of efficiency of water use, But, the
initial cost of the system, technical knowledge and
skilled labour are considered to be its limiting factors
for large scale adoption in India. 6As both Central and
State Governments are providing subsidies to farmers for
adoption of these systems, the area under micro—
irrigation is increasing day-by-—-day. The area of 32,000
he has been reported under micro-irrigation in

Maharashtra (Sarangi, 1993).

As such,micro-irrigation systems are recently
adopted in India, the data available on its hydraulic
performance in the field and the moisture and salinity
status in the soil below the emitter are scanty. As the
moistuwre movement in the soil under micro-irrigation
system is a function of many parameters, such as
guantity of water applied discharge rate of emitter,
elapsed time after irrigation, type of soil, type of

micro-irrigation system, etc., it is very necessary to
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have sufficient information on these aspects. The
information will be helpful in deciding spacing between
the emitters and crap and also for proper design of the
system. The effect of micro-irrigation systems on the
development of salinity around emitters has not yet been
studied widely. Similarly, no data is available on some
latest developed micro-irrigation systems in different
types of soils. In view of these above mentioned
aspects, the research project entitled, "Moisture and
salinity status under micro—-irrigation systems in

vertisols" was undertaken with the following objectives.

11 To study the pressure-discharge relationship,
emission uniformity and/or uniformity coefficient
of micro-irrigation systems.

21 To study the effect of emitter discharge rates and

quantities of water on moisture movements.

=] To find out the salinity status around the emitter
at 30 days interval after continuous altermate-day

irrigations.






D M R
o v D) & o= 0l
@ 5 Y 2
. L)
. : ..
\. ¥ .' 2




= . REVIEW OF LITERATURE

In India some research workers have attempted
to evaluate micro-irrigation systems in respect of its
hydrauwlic performance and moisture distribution, water
saving, craop vield, water requirement and water use
efficiency. The data generated on these aspects of
micro-irrigation systems are scanty. The data on some

recently
on

the

developed micro~-itrrigation systems as well
different types of soil are not available.

research

as
However,

work done in India and abroad the

by

researchers was studied critically and is reviewed under

the following main topics.

N KN N
(]

practices
irrigation
area

per

irrigation

irrigation

trickle

lines

Hydraulic performance
Moisture distribution pattern

Salinity status under micro-irrigatiobn

emitters

Point source micro—-irrigation

Aljibury (1973} worbked on drip irrigation

and applications. He reported that din  drip

system about 40 to 30 per cent of allocated

trese was wetted, whereas in sprinkler

systam 100 per cent area per tree was wetted.

Hanson (1973) studied hydraulice of trickle

emitter lines and have found (C) values for

to vary from 98 to 136 depending on

specific emitter type.

7-9207
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Keller and FKarmeli (1974) suggested the
emission wniformity as the criterion which should be

arcund 0 4 for practical puwrposes,

v Wu and Bitlin (1974) presented design of drip
irrigation based on uniformity. The study showed that
the friction drop was of exponential function with
respect to the length of the pipe, whereas the discharge
increased with respect to length. They used the curve of
friction drop combined with the pressure gain or loss to
determine the variation in discharge with pressure along
the line. They reported that the discharge distribution
of emitters could be estimated if the pressure
distribution is known. They also introduced =a design
chart which consisted of the design pressure and length
af the drip line, the total discharge, the slope of the

line and uniformity coefficient.

Scloman (1979) recommended the coefficient of
manufacturing variation (VYm) as the appropriate measure
of wnit to unit consistency in emitters. He defined the
coefficients of manufacturing variation as the ratio of
standard deviation to the mean flow rate from a suitable
sample of emitter tested at a normal operating pressure,
The values for coefficient of manufacturing variation
(Vm) ranges from 0,02 to 0.40. He presented typical
system TfTor emission rate distribution which takes into
account pipe network hydrauwlics, emitter flow rate
msensitivity to pressure and manufacturing variation of

the emitter.
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The study conducted by Bralts et al. (1981
showed that hydraulic and manufactuwring variation could
be statistically combined and included in the design of
equation for wniformity at single chamber dir-ip
irrigation lateral lines. Design curves and nomographs
have been developed to simplify the inclusion of emitter

manufacturing design to drip irrigation lateral lines.

~ Zur  and Tal (1981) studied the emitter
discharge sensitivity to pressure as expressed by the
constants a and b, in the eqguation given below,
@=atHb cea(2.1)
where,

Q = pmitter discharge, lph

H = pressure, kFa
a and b = constants.
The value of comstant 'b’, they found to vary from O.43
to 0.86, depending on the flow regime ard

cross-sectional area for flow of each emitter type.

~ Vasanthakumear (1984) observed relatively
smaller wetting front with lower volume of water

application and vice versa.

v Singh (1987) developed mathematical
relationship to establish the relationship between head
loss due to connection and operating head or lateral
discharges. The values of Haren-William's coefficient
was found to be 103 to 118 for various operating heads
as against 150 generally considered. Uniformity

coefficients were worked out as suggested by Karmelil,
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Chrigtiansen and Wilcox for different lateral lengths,
dripper spacings and operating heads. The relation
between discharge and lengths of microtube has also been

reported.

~  Lagad (198%) evaluated pressure losses across
enitters and microtubes. The emission uniformity for
various combinations and hydraulic performance of siu
orifice type, on-line emitters and microtubes of three
different diameters under laboratory conditions were
worked out. The Hazen-William’'s roughness coefficient
was computed to be approximately 133 to 1735 and 107 to

108 for 12.5 and 16.0 mm lateral tubing, respectively.

2.1.2 Line source micro—irrigation

Bezdek and Soloman (1978) reported that even-—
after changing the value of roughness coefficient (C)
used in Hazen-William's equation from 130 to 150, the
head loss calculated by Darcy-Weishbach egquation is more
accuwrate for small diameter plastic tubing used for

trickle lateral.

Suruwatri and Wu (1982) studied hydraulics of bi-
wall line source irrigation laterals. They reported that
the emitter flow throuwgh orifices in a bi-wall (dual
chamber) lateral irrigation line was affected by the
pressure variation inside the secondary chamber, due in
part to the cutting effect, slope effect and plugging of
inner or outer orifices and by outer orifice vsriatimn

caused in manufactwring of the tubing. Both the cutting

effect and the slope effect can be controlled by setting



9
the cutting position in the middle of two inner aorifices

and by designing a multiple inlet system.

James Hardie (1984) provided system designers
and operators with the information they need to properly
design and operate a bi-wall line source. He provided
flow rate data for various spacing and wall thickness
combinations which are available. Design charts such as

flow curves and pressure loss curves were developed.

Hande and Nongkynrich (198%9) studied the
hydraulics of bi—-wall line source irrigation. They found
that the discharge through emission orifice increased
from ZT.336 to 6.384 lph/m with increase in pressure head
from 3 to 15 m. They further reported that the head loss
increased from ©0.18 to 0.40 m with the increase in
aperating head from I to 13 m of water. The curve
obtained by plotting head loss versus discharge rate was

parabolic in nature.

Fane (19921) studied the hydraulic performance
of twin—-wall (bi-wall) subsurface line source tubing. He
observed that as the pressuwre increased from 0.5% to 2.0
kg/amﬁ, on an average, the discharge of twin-wall per
metre length increased from 1.92 to 5.60 1ph. The
emission uniformity of bi-wall was reported varying
hetwesn 26.08 to 98.49 per cent for the operating

~
ressures of 0.5 to 2.0 kg/cm®, respectively.
P g P Y

Fatel and Aware (1994) studied on the field
evaluation of hydraulic performance of canewall tubing

in black soil. They reported an increase in operating
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pressure  from O.4 to 1.2 kgﬁumg increased canewall
discharge from 3.33 to 4.68 lph/m for 100 m length of
canewall. They also reported that increasing the
canewall length from 25 to 100 m the discharge decreased
from 4.467 to 3.75 lph/m at the pressure of 0.7 kg/cmzu
The head loss increased from O.1 to 1.9 m when the
length was increased from 25 to 100 m. The emission
uniformity of canewall tubing system was reported as
27.1 per cent. They reported that the maximum length of
canewall that can be used upto 70 m considering 20 per

cent variation in head loss.

2.1.3 Microsprinkler irrigation

Bilanski and Kiddler (1938) studied factors
that affect the distribution of water from a medium
pressure rotary irrigation sprinklers. They determined
that under zero wind conditions, the trajectory distance
of the distribution pattern was increased only by 1.52 m

by increasing the pressure from 207 to 414 kFPa.

Seginer (1967) showed that the operating
pressure  in microsprinkler irrigation was the most
important factor. The higher the pressuwre, the longer
the range of drops (radius of wetting) and the finer the
drops, the more even distribution of the water on the

ground was athieved.

Fairs (1968B) used catch-cans to collect spray
samples from operating sprinkler system. Guart oil cans

were placed in & grid system. Davis stated that each can
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3

represented P to 2.3 per cent of the pattern area for
the purpose of identifying the wuniformity of water

distribution.

Suryvawanshi et al. (1982) conducted studies
on effect of wind on sprinkler distribution efficiency.
They found that the uniformity ceefficient of water
distribution had an inverse relationship with the wind
speed., They also reported that the uniformity
coefficient was mare than 82 per cent when the wind speed

was equal to or more than 7.94 kmph.

Fost et al.{19g6) reported that the
uniformity values are much lower in case of &
microsprinkler as compared to the conventional
averlapping type of sprinklers. The range of uniformity
values for microsprinklers were I3 to 63 per cent. In
general, it was also noticed that the coefficient of

uniformity produced a higher value while the

distribution uniformity produced a lower value,

v//éutal et al.(1988) studied microsprinkler
irrigation in groundnut. They used the microsprinklers
at 1.5 kgfcmg pressure with the spacing of 3.0m x 3.0m.
At 0.30 m riser height and 3.3 mm/hr application rate,
they observed the diameter of wetted soil as 5 m.
Further, they reported that the uniformity coefficient
{(UC) and distribution uniformity (DU) of microsprinkler
were 60.8 and 36.4 per cent, respectively. The UC and DU

were observed very poor due to high speed of prevailing

wind i.e. & km/hr. The crop stand was reported to be



12

remarkably uniform., It was also reported that
microgsprinkler might be used at riser height of 20 cm
during morning hour to get the maximum coefficient of

uniformity and distribution uniformity.

It was reported that +the coefficient of
uniformity of microsprinkler spaced at 1.2m % 1.2m and
at 30 om stake height was 76.28% per cent at 1 k.g/t:mE
operating pressure, The precipitation rate was found
decreased with increase in riser height with the maximum
wetted diameter of soil of 3.3 m. Further, the rate of
precipitation which was 4.6 mm/hr at 20 cm stake height
was found to be dropped to Z.4 mm/hr at 45 cm stake
height alongwith reduction in wetted diameter from 3,03

to 3,10 m (Anonymous, 1989).

Singh et al.(1920) reported that the
variation in discharge along the lateral reduced with
the reduction in operating pressure at the head of the
lateral. The average values of sprinkler flow variation
at pressure 2.0, 1.5 and 1.0 kg/cm:3 were found to  be
15.81, 27.17 and 29.32 per cent, respectively. The
discharge was found to be related with aperating

pressure by an equation,

o= e2.25 FO-98 veal 2.2 )

where,

e
it

discharge, lph

operating pressure, kc_;/c:m:'3

o
i

Salunkhe (1991) conducted an experiment on

microsprinklers of 33 and 97 1lph discharge in clay loam
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s0il. He reported uniformity coefficient values of 2.7
and 73.7 per cent for 33T and 57 lph microsprinkler,
respectively at safe wind velocity and at operating
pressure of 2.0 kg/cmz. The emission uniformity (EU)
were reported as 94.46 and 927.2 per cent for 33 and 87

lph microsprinkler, respectively.

Firake et al.{(1992a) studied the different
characteristics of low discharge (LD) microsprinkler and
high discharge (HD) microsprinkler. They observed that
the discharge decreased by 6.9 and 6.% per cent due to
the increased in length of lateral from 4 to 52 m of LD
and HD microsprinklers, respectively. It was also
observed that by increasing the operating pressuwre from
1 to 2.5 kgfcmg, the discharge was found to be increased
from 24 to 28.8 lph and 33.6 to 42.% 1lph in case of LD
and HD microsprinklers, respectively. The relationship

between G and H for LD and HD microsprinklers were:

4 = 24.04 Ho- 196 for LD microsprinkler .(..(2.3)
~
(r= = 0.99)
8 = 33.80 H9-259 for HD microsprinkler ...(2.4)
-3
(r= = 0.99)
where,
& = discharge, lph
H = operating pressure, l'-:g/c:m2

The low average values of ceoefficient of

uniformity in low and high discharge microsprinklers

ware &0 and 70 per cent, respectively, were due to
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consideration of a large wetted diameter of 2.4 m.

Firake et al.(1992b) studied the effect of
system variables on wetted area of s0il in
microsprinkler irrigation. They reported that the
increase in stake height (h) of microsprinkler increased
the diameter of wetted scoil (D). A high discharge of
microsprinkler resulted in larger 'D7 tham low discharge
microsprinkler at the same stake height (h). An increase
in pressure head (H) had more effect in increasing'D’.
AN increase in "D’ was more in case of higher discharge
microsprinklers at same ‘H'. Similarly, the increase in
discharge () increased 'D° as 'Q° is directly related
with ‘H'. It was also reported that the 'D° decreased
with increase in lateral length. They further reported
that the "D’ can be increased effectively by different
system variables in descending order as: pressure head,

stake height and high discharge microsprinklers.

Shinde and Darade (1993) evaluated the
hydraulic performance of static microsprinkler system.
They found the uniformity coefficient of a static
microsprinkler as 64.14 per cent at 2 kg/cmz operating
pressure. The uniformity coefficient, they reported,
decreased with decrease in the operating pressuwre and
increase 1in the lateral length. However, the emigsion
uniformity of the system was reported excellent i1.e. 91
per cent. They further also found that the diameter of
wetted soil increased with increase in the pressure and
stake height, whereas it decreased with increase in the

length of lateral.
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2.2 Moisture distribution pattern
2.2.1 Point source micro—-irrigation
Dalton and Haminson (1971) conducted an

experiment on drip irrigation for citrus and showed that
drip irrigation supplied moisture in area around the
plant where root system obtain it with no difficulty.
Thus, plants are not subjected to extremes of wetting

and drying of soil due to freguent supply of water.

Goldberg et al.(1971) showed that the
distribution of so0il moisture resulting from drip
irrigation method was 2-dimensional with higher moisture
content along and beneath the row and decreasing

laterally.

FRaats (1972) observed that s0il moisture
decreased with the distance from the source and hence
the response was slower at distances away from the

SO0Urce.

Rolland (1972) examined the work of French
researchers on movement and distribution of water in the
soil profile in case of trickle irrigation. The results
of various trials were enumerated as under.

1. The study of formation of the bulb was carried out in
order to determine the spacing of tricklers. The soil
involved was sandy at the surface and loam below to a
deep level. The water was distributed by tricklers,
continuously for three weeks at three rates of flow of
D26, 0.56 and 0.81 1iph. The soil was protected from

rains by plastic sheets. The moisture was measured from
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sections of profile. It was observed that there was a

tendency towards the formation of inverted bulb in  the
s50il with rapid descent of water in depth and little
horizontal spread. The moistened diameter doss not
erxceed 1.5 m. It was also observed that the weaker the
flow, the more the bulb ternds to extend downwards.

2. 8imilar study in clayey loam soil was conducted in
ancther plot. The tested flow rates from tricklers were
0,48, 0.61 and .84 1ph. It was found that the moisture
spread falrly wide at the surface but there was little
information downwards for low rates of flow. At 0.48 1ph
the diameter moistened was 3.0 m at the surface and
0.8m at the depth 0.3 m. At 0.84 1ph, the diameter
moistened was 4 m at the surface and 2.8 m at a depth of
1.4m.

. The moistening study conducted in saoil with sandy
alluvial matter over stones and gravel for trickle
discharge 0.4, 0.8, 1.2 and 1.6 1ph indicated that
cutward spread of the bulb expanded distinctly as the

flow increased. It was cylindrical in shape until 1t
reaches the pebbly horizon which acts as draining laver.
The moisture bulb will have minimum diameter of 2 m,
which can be extended by increased flow.

4. The moisture measurement studies in calcareous  loam
on clayey soils were conducted on two plots. It was
ohserved that the crescent shaped dry surface area on
either sides of trench in calcareous loam while the
dryness of top soil about 0.7 m from watering point was

naoted in clay soil.



Swaminathan (1972) found that in case of drip
irrigation system soll moisture regime was around the
field capacity zone. The distribution of water around
the point source was longitudinal overlapping of wetting
fromt by successive drippers. The ultimate moisture

distribution was two—~dimensional.

Cole and Till (1974) found that with one line
of dripper, the mid-row was nat wetted and encess water
was found passing below the root rone. Using double row
of drippers, most of the soil was wetted with only the
surface soil between the drip lines remaining dry. But
using drag hoses all the soil was wetted. The volume of
wolil wetted from a single line dripper was ouch less
than the veolume wetted by a double line of drippers.
Since the same guantity of water was applied through the
system, leaching was greater with the single line of

dripper.

Roth (1974) observed that the wetted volume
of soil was elongated in vertical direction rather than
being a hemisphere. Higher the application rate, larger
was the influence of gravity and as a result narrower

was the wetted area.

Tescheschke et al.(1974) reported that the
s0il water potential decreased in the scil profile as  a
result of salt accumulation, with increased distance

from trickle source.

Koo and Tucker (1975) observed that on  sandy

17
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s0ils each emitter wetted an area resembling an
elongated onion bulb. The maximum diameter of the bulb
area ranged from 60 to 150 cm depending upon s0il
texture, with fine textured scil having more lateral
movement than coarse textured soil. The area webtted by
each emitter represented 2 to 15 per cent of the soil in
the root zone depending on  tree spacings. It was

estimated that 15 to 30 per cent of soil area was

influenced by drip irrigation.

Bar-Yosef and Sheikholslami (1976) found that
in trickle irrigated sandy sopil adding identical amount
of water but increasing the trickle discharge rate, the
vaertical movement of wetting front increased and  the

hordizontal movement decreased.

Hachum et al.(1976) revealed that for the
same volume of water, the vertical penetration of
wetting front decreased and the horizontal water
movemant increased as the water application rate

increased.

Jury and Earl {(1977) studied water movement
in bare and cropped soil under isolated trickle emitters
and observed that irrigetion at one week interval re-—
sulted larger amount of water being transferred lateral-—
ly Afrom the emitter than for daily irrigation of the

same application rate and weekly volume of water.

Singh et al.(1978) reported that in drip

irrigation to potatoes on loamy sand soil, the soil
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water content was about 15 per cent bensath the emitter,

7 per cent at a point 20 cm from the lateral.

\—/ﬁaul (1979) studied hydraulics of s0il
moistuwre front in drip irrigation and observed that the
s0il moisture in the wetted zone resulting from a point
souwrce of water application, manifested itself by a
rapid increase in the soil moisture content in the soil
layer close to the point of water application. The zone
was identified to the extent of about 1% om depth and 20

cm diamelter.

Levin and Bravedo (1979) reported that the
s0il moisture and root system distribution covered a
wide area when treges are irrigated twice a8 week with
8lph tricklers. Dalily irrigation compared with weekly
irrigation caused appreciably narvrower soil moisture
distribution but quite similar oot distribution

pattern.

The distribution of water and salts in  the
sail  under pot irrigation was compared with  that of
trickle irrigation in the field and showed that after 72
hr of redistribution, the wetted volumes were
approximately eqgual for trickle and pot drrigation

regime (Alemi,1981).

Khepar gt al.(1983) observed that the
moisture distribution depended on the rate of
application, amount of water applied and imitial
moisture content. The findings of the study revealed

that (1) the vertical component of wetting Tone
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increased with rate of application in  light textured
soil, {(ii}) wetted volume of scoil was increased with
increased amount of water applied. Wetting front moved
to the greater radial distance wilth increased amount of
water, and (iii) in initially moist soil, wetting front

extended both in radial and vertical directions.

In pitcher irrigation method, an increase in
application of water resulted in increased horizontal

wetted area (Reddy and Rao, 1983).

Sonawane (1987%) conducted an experiment on
meoisture distribution pattern and nitrogen fertilizer
application in drip irrigation for cotton in vertisols
and observed that the application of water at the rate
of 2.5 lit/day has resulted the downward movement of
water to the depth of 18, 28, 3%, 40, 4%, 55 and &% om
depth on 1lst, 2nd, 3rd, 4th, Sth, é&th and 7th day,
respectively and also observed that there was no  much
difference in wvertical and horizontal water movement
except that vertical movement was slightly higher than

harizontal one.

Anonymous (1984) studied moisture
distribution in drip irrigation and found that the
moisture movement was dependent on emitter discharge
rate and the vertical movement was high at higher
discharge rate and harizontal mavement was higher at

lower discharge rate.

Gupta and Tyagi (1984) conducted & laboratory
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experiment to study effect of application rate and
irrigation frequency on soil moisture distribution under
trickle irrigation and indicated that the daily
application at a lower emitter application rate (0.75
lph ) ig beneficial in keeping large per cent of applied
water within upper J0 cm layver in comparison to one and
two days irrigation intervals and it also prevents loss

af irrigation water due to deep percolation.

Karmarkar (1983) conducted an experiment with
an application of synthetic saline water through drip
irrigation for tomato in vertisols and observed that the
water content increased in the horizontal manner from
0.4% to 0.70 cmeem ™ at a distance and depth of 4% cm
away fTrom the emitter. Thus, in the moist soils, the
vetrtical component of water movement was slightly

higher than the horizontal component.

Fhadtare (198%5) studied the moisture
distribution pattern in trickle irrigation in vertisols
by applying fixed quantity of water (12 1it) at
predetermined rate showed that the radial spread was
more for lower discharge rate, whereas vertical advance

was more for higher discharge rate.

Salih {(1985) under comparative studies on
drip irrigation in JIrag, he observed that water

distributed homogeneously in the root zone of trees.

Sharma et al.(1987) observed no appreciable
change in moisture content below 90 om depth and averagé

profile moisture content in lateral zone of O-15 om was
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rearly the same in the three treatments i.e. irrigation

water with 0, 4 and 8 meL“1 application through drip.

fulkarni (1988) compared surface and drip
irrigation system for pomegranate and lime and found
that moisture depletion was more than %5 per cent in
asurface irrigation, whereas the moisture depletion in

drip irrigation was just around field capacity.

Nehra et al.(1991) studied on  the water
distribution pattern under trickle source in sandy loam
soil. They developed the various empirical equations for
vertical and horizontal advance of molsture. The
logarithmic +type of relationship to determine the
horizontal advance (H) was as below.

M o= 1.26 @P-774 O.015 ce e (2.3)
Similarly, in finding out the vertical advance of water
(Y) the eqguation developed was

Y = 9,76 @175 0.419 e (2.6)

In  above eguations G is the discharge rate

in 1ph and t is elapsed time in hr.

Rane (1991) studied the moisture digtribution
pattern 1in tThe sandy clay leoam seil under microtube
system. He reported the maximum radial spread of wetting
front at soil surface as J0.7 and 32.8 cm at O and 24 hr
after irrigation, respectively when the system wag
operated at 1 ll:.c_;/c:m:3 «The vertical movement of water at
1 i».:g/c:m2 was found to be 58 cm. He also correlated the

emitter discharge, vertical advance of wetting front and

depth of soil.
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Ghazy et al.(1992) studied the effect of the
soll conditioners, polyacrylamide {FAM), polyurea
polyalkyene (UR) and urea formaldehyde (UF) on moisture
and salt distribution in trickle irrigated gravelly
calcareous soils of Giza, Egypt and observed that the
s0il moisture content decreased with distance from the
emitter for all the conmditioners (UF = PAM » UR) and the
greatest moisture content close to the root zome with
AF .

Satpute et al.(1992) studied on effect of
dripper discharge and volume of water on soil moisture
distribution in clay and clay loam soils. They reported
that with increase in the dripper discharge, vertical
movement of weltting z2one reduced and the horizontal
mavement increased in  both the types of soils. The
moisture distribution, they found, symmetrical in
vertical and horizontal planes at 4 lph discharge in
clay and clay loam soils. The increase in the volume of
water application resulted in increase in  the wetted
w1l volume. They further reported that narrow wetted
bulb at 2 lph rounded at 4 lph and higher discharge
rate in clay soil, whereas in clay loam soil it
remained elongated narrow and increased in same pattern

at higher discharge rate.

Goel et &al.(1993) found that the water at
higher application rate saturated the soil near the
dripper and infiltration was slower in  the begining,

whereas the water penetrated deeper with lower dripper
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discharge because of availability of more time for

infiltration.

Shinde and Darade (1993) studied on the
moisture distribution in the soil under static
microsprinkler system. They observed the variable
moisture in the soil due to uneven sprinkling of water.
The vertical movement of wetting front was reported in
creased with increase in the operating pressure of the
system and the elapsed time after drrigation. They
further reported the effective area of wetted solil was
to the extent of 13.83, 14.86 and 16.61 m:3 for 1.0, 1.5
and 2.0 P:.g/c:m2 pressure, respectively. The correlations
between depth of wetting front, emitter discharge and

agperating pressure have been also presented.

2.2.2 Line source micro—-irrigation

X Busch and Kneebone (1969) studied the
subsurface irrigation with p?rforated plastic pipes.
With the development of plastic tubing, it became
possible to rely on a burried perforated pipe as the
water source and to distribute water underground with
pressure abhove atmosphere. The positive Pressure
increased meoisture gradients from the water source
towards the surface, as well as in a downward direction.
The possibilities for moisture conservation through
pressure controlled, underground application were guite
intiguing. The opportunities for evaporation at or above

the surface are greatly reduced.

v'V/ Cole (1971) warked on the subsurface
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irrigation and presented on excellent comprehensive
review of present hknowledge pertaining to surface
irrigation. Fotential benefits of this method were
listed by him as (a) water saving, (b)) beneficial crop
FespoOnses , {c) labour saving, (d} fertilizer saving and
pollution abutements, (@) weed and insect control cost
waving, (f) possible use of saline water, (g) decreased
gvaporation losses, (h) uniform distribution of water
and (1) no delay in cultural practices. Regarding crop
response he summarized his remark as, "improvements in
yvield and guality and a shorter growing season emerge as

general benefits associated with subswrface irrigation.”

_ v Gibson (1976) atudied the hydraulics,
mechanics and economics of subsurface drrigation  in
which the gross water applications required by the
subsurface method are found to be less than the furrow
ar sprinkler irrigation. |

" Hiller and Howell (1978) stuwdied the grain

v
sorghum response to trickle and subsurface irrigation in
which the sorghum growth was better under subsurface
irrigation giving yield slightly less than the trickle

irrigation method.

~Tumkar (1990) studied the hydraulics and
moisture distribution pattern in Dbi-wall subsurface
irrigation. She observed that moisture distribution
pattern urider point source of Bi-wall was

semi-elliptical in  shape elongation alon
P P MPKY LIBRA d @
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direction was higher as compared to spread along
horizontal direction. The madimum moisture spread in
horizontal plane was found to be within 30 to 4% m below
the bi- wall source depending on lateral discharge. The
mathematical esquation to predict the discharge of any
point on wetting front from bi-wall source WA

established.

v//;ane {(1991) studied the moisture distribution
pattern under bi-wall irrigation systems. He observed
that the increase in operating pressure head increased
the discharge, but the vertical movement of wetting
front decreased due to the stagnated water at higher
discharges. The radial spread of moisture from sowrce

increased with increase in discharge.

Vv’ Fatel  and Aware (1994) studied on  the
moisture distribution pattern due to canewall tubing
system in  black soil. They found that the vertical
movement of moisture at 3 Iph/m canewall was more than
that of 4 and 5 1ph/m discharge with constant volume of
water applied. The vertical movement of moisture
decreased with increase in the canewall discharge and it
was increased with the interval between successive
irrigations. They further observed that the radial
movement of molsture as 44, 52 and 34 cm (at 3 lph/m)g
E4, F9 and 4% cm (at 4 1lph/m) and 33, E5 and 4% cm (at S
lph/m}) in 24 hr, respectively at 1, 2 and 3 days of

irrigation interwval.
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2.2.3 Microsprinkler irrigation

Salunkhe (1791) studied the moisture
distribution pattern in rotary microsprinkler system in
sandy clay loam soil. He Ffound that the vertical
movement of water is a function of elapsed time after
irrigation and operating pressure of the system. The
vertical movement of molisture was reported increased
with the elapsed time and decreased with the increase in
the operating pressure. It was also observed that the
moisture content of soil at any depth and time decreased
with increase in the operating pressure or radius of the
throw of water through the microsprinklers. I  the
operating pressures of the system is more (i.e. less
depth of water application), the time required to

saturate the root zone will be more and vice versa.

Shinde and Darade (19%3X) studied the
distribution of moisture under static microsprinkler in
clay loam soil at different operating pressures and
elapsed time. It was reported that the moisture content
of the soil at the same depth was not same which was
exactly the reverse to that of rotary type o f
microsprinklers as reported by Salunkhe (1991). The

moisture content was found some what on bhigher side

hetween the distance of 0.6 to 1.5 m from the static
microsprinkler. They also noticed that as  the time
elapsed, the moisture content at surface of soll

decreased by 14.61 per cent in 24 hr. They developed
some equations between vertical advance of wetting

front, emitter discharge and operating PDrEssSUre.
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2.3 Salinity status under micro—irrigation
emitters
Goldberg et al.{(1971}) studied the effect
trickle irrigation intervals on soll moisture and salt
distribution on sandy clay soil and found that the salts
were concentrated in surface pocket and a deep layer

with leached zone between them.

Boldberg et al.(1971) studied the effect of
trickle irrigatiom on the distribution of roots, water
and minerals. They found that the content of soluble
walts, irmcluding those added as fertilizer, was higher
in upper 3 ocm, especially midway between adjacent
nozzles., When'P'  and "N’ were added with irrigation
water, Frotended to accumulate beside and below  the
nozzles, while the 'N' was leached below the nozzles and

accumulated in the area between them.

Gustafson (1971) studied salinity in drip
irrigation and observed that the salt accumulation in
the active root zone of plant can be avoided by drip

irrigation.

Shmuelil and Goldberg (19713 compared
sprinkler, furrow and trickle irrigation in muskmelon in
an arid zone and reported that the soil chloride content
during growing season varied according to irrigation
method i.e. under trickle irrigation there wWas
additional leaching of chlorides, especially in  the

19 - 45 cm s0il layer and there was a trend for the salt
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to accumulate in thin crust on the seoil surface, in  the

region of the wetted strip of soil.

According to Bernstein and Francois (1973).,
salts were accumulated on surface of soil in midway
between drip orifics and as well as at the periheri of
wetted zone of so0il when compared drip, furrow and

aprinkler irrigation to pepper.

Cho and Yamate (1973) studied the effect of
trickle irrigation method on salinity damage of crops in
a green house e}periment wsing a sand culture and
reported that the salt concentration increased on  the
sand surface with sprinkler irrigation while with the
trickle irrigation system, salinity decreased in the

cones of wetting but increased in the outer cones.

Tscheschke et al. (1974) observed that the
highest salt concentration cccurred in the profiles
irrigated with volumes of water below that
evapotranspired by tomato plants, indicating the
importance of avoiding under—-irrigation, whenever highly

saline warter is used.

Sivanappan and Chandrasehkaran (1976)
conducted an experiment on drip irrigatiorn for banana
and they observed that highely saline water can be best
utilised with drip irrigation and also found that salts

will accumulate at the edge of the wetted zone.

Singh et al. (1978) obhserved high

concentration of salts in the surface 1520 cm of soil
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at mid-point between the emitters and towards the
waetting fromt in drip system. $Salts were not leached to

loweyr soil horizons.

According  to Steven and Rawlins (1979), the
nature of moisture flow from various irrigation systems
could significantly influence the salt distribution
profiles that exist in the soil. In case of drip
irrigation,the deposition of salt was notised at the

upper layers of the effective root zone.

Alemi (1981) reported that water applied at
the rate of 130 ml/hv by the pot irrigation moved the
salte to a radial distance of 41.% cm in 390 hr. But,
applying water by trickle irrigation at the rate of 1
Tit/hre m&ved the salt 42 cm in 82.3% hr. For an equal
amount of water applied, salt moved deeper in the
profile at a lower application rate. More salt spreading
was observed from the trickle source with higher

application rate.

Steve et al.(1983%) observed that the
electrical conductivity of root zone soil extracts was
lower for drip idirrigeation treatments than furrow

irrigation.

Gupta and Tyagi (1984) observed not much
differences in ECe into soil layers at all radial
distances from emitter point at each irrigation
frequency with lower (0.73 lit/hr) application rate but
at I0, 435 and &0 cm depth the decrease in irrigation

freguency cavnsed more salt concentration at @HAME
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application rate. At high application rate (1.5%0 lit/hr}
salt concentration increased with depth at all radial
distances from emitter point. More salt accumulated away
from the emitter souwrce at each frequency and

application rates.

Bucks et al.(1983) compared trickle and
furrow irrigation to grape on sandy soil and observed
that the trickle treatments followed two-dimensional
pattern of salt movement, where the highest salinity
values were located near soil surface at distance of 1
to 2 ft from emitter. Below the soil surface, soil ECs
of less than 1 dS8/m were restricted to 2-3 ft strip on
wach side of vine row, while leaching of salts occured
to & depth of at least 4 ft. In furrow irrigation, one
dimensional salt movement was exhibited where soil

depths of 2-3 ft remain leached.

Farmarkar (1983%) observed that the salts were
concentrated in the upper zone of soil profile (1% om)
when saline water of 1.5% to 2.0 mmhos/cm  was applied,
but the salts were displaced upto 30 om depth when

concentration of saline water increased to 4.0 mmhos/Cm.

In drip idirrigation, salt accumulation was
detected only in small spots normally at the surface

{Salih, 1985).

Sen and Bandyopadhyay (1985) showed that the
displacement of salt increased with drip rate, but, *the

influence was large upto 20 cm distance. Fossibly saline
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water can be wsed through drip irrigation at the rate of
0.5 lit/day without increase in salt concentration in

the soil.

Sharma et &1.{1987) observed that the
chloride content was less than 7 melL™ ! in entire root
rone with the use of normal quality dirrigation water
through drip irrigation to horticultural crop. Chloride
accumulation was more in 4 REC water than 8 RSC water.
Feak of chloride accumulation in profile appeared at
70— B0 cm depth and just underneath the tree trunk in 4
REBC water but it was below 43 cm lateral distance with 4

80 water.

Kramjac (1988) compared drip and furrow
irrigation with saline water on sandy c¢lay soil and
showed  that most of the soluble salts remained at the
s0il  surface. Increasing the water volume moved the
salts further from irrigation source in both, drip and
furrow irrigation, although drip irrigation gave a
greater variation in salt distribution in soil profile
than furrow irrigation. Over irrigation with 125 per
cent of maximum evapotranspiration did not affect salt
distribution, whereas the treatment of 50 per cent
maximum evapotranspiration resulted in a high salt

accumitlation in the top of soil.

Fulkarni (1988) found that there was not any
significant variation in EC and pH of soil in horizantal

and vertical direction because irrigation water used to
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the pomegranate and lime through drip irrigation was of

good guality.

Gingh et al.(198%9) showed minimum salt
accumulation (1.4 dS/m) near the plants in the daily
irrigated treatments as against one day and two days
intervals which produced 2.1 d8/m and 2.3 dS/m salt

concentration, respectively.

Nehra et al.(1991) studied on the salt
distribution pattermn under trickle source in sandy loam
soil. They developed the empirical equation describing
increase in salt concentration (C) as a function of
discharge (g), valume of application (V) and salinity of

water (Cw), which is

C = O OBl — o e (2.7)
y0.01 . (0,02

in which,

X = horizontal distance from the point
source

¥ = vertical distance from the point
source

They found that the salt moved to a more depth with low
dripper discharge and salinity buillt up was higher near
the point source and it decreased laterally as well as

vertically away from the point source.

Sharma et al.(1991) studied on the salt
distribution profile under drip system with saline water
in  sandy loam and loamy soil. They found that salinity

built up was more with added saline water and salt
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accumulation was more in upper soil layers i.e. B, 18
and 30 cm depths. The soil depth of 5 cm consisted of
maximum salt concentration. They also observed that the
salt accumulation was more on the soil surface around
the periphery of wetted volume of soil. They recommended
higher discharge of water of high salinity with drip
system.

Ghazy et al.(1992) observed that the salt
concentration in the soil increased with distance from
the emitter and decreased with application of

conditioners.
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3. MATERTAIL AND METHODS

The experiment to study the “Moisture and

salinity status under micro-irrigation systems in
vertisols’', was conducted in summer, 1994. The details
of the material used and the methods adopted in

conducting the present investigation are described in

this chapter.

3.1 Material
3.1.1 Experimental site

The field experiment was conducted at the
Instructional Farm of Department of Irrigation and
Drainage Engineering, College of Agricultural
Engineering, Mahatma Phule Krishi Vidyapeeth, Rahuri,
(India), situated at an altitude of 637 m from mean sea-—
level. The latitude and longitude of Rahuri are 199 24°

N and 74° 39° E, respectively.

3.1.2 Soil

According to the seventh approximation, the
solls in deccan plateau are classified under the order
‘Vertisols’' (Shrinivasan et al., 1969). These soils are
characterised by high productivity and cation exchange
capacity, medium to low organic matter content and
nitrogen, higher base saturation with dominant
exchangeable complex as calcium. The dominant clay

mineral is montmorillonite.

The soil of the experimental field WARS

uniform and leveled. The soil was well drained
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consisting of two layers, viz. upper clay laver (0.80 m)
and lower clay loam layer (2.65m ) (Fatel et &a1.,1988 ).
In order to know the physical and chemical properties
of the spil, the samples were collected from 0-15, 15—
F0, 30-4% and 45-460 cm so0il layers at 8§ randomly
selected spots from the experimental area and composite
sample was prepared for determination of physical and
chemical properties of soil. The physical and chemical
properties and methods used for their determination are

given in Table 3.1.

3.1.3 Physical properties of soil

The physical properties of soil such as
texture, infiltration rate, bulk density, particle
density and total porosity were determined in order to
know the characteristics of upper clay layer and to
widen the applicability of the results of this

experiment in other areas.

3.1.4 Chemical properties of soil and water

The chemical properties of soil such as pH,
electrical conductivity (EC) were determined in order to
know whether the soil is saline or alkaline. Bimilarly,
the chemical properties of water were also determined to

know its quality.

3.1.5 Climate
3.1.5.1 General
Climatically the area falls under semi—arid

and tropical zone with annual rainfall varying from 307
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Sr. Soil property Method adopted Refernce
No .
1 Farticle size International Fiper ., 1966
distribution pipette
2 Bulk density core sampler Dastane ,
1973
= Infiltration rate Double ring Dastane ,
infitrometer 1972
4 Moisture Fressure plate Black , 1965
retention apparatus

characteristics
{1/3 and 1% bar )

b Soil o pH (1:2.5 Glass electrode Piper , 19466
501l water ratio)

& Electrical Digital Fiper , 1966
conductivity (EC) conductometry
{(1:2.5 s0il water
ratico}
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to 619 mm. The annual average being about 320 mm  which
is mostly concentrated during the monsoon months from
July to October from south-west monsoon, which is
nearly 80 per cent of the total precipitation. The
distribution of rain is erratic and distributed in 1% to
43 rainy days. The tract is the rain shadow area lying
on eastern sides of Western Ghat. The area chronically
comes under drought prone having frequent famine

candition i.e. once in three years.

The annwal mean maximum temperature is 37.9
OC  with a range from 33.0 to 43.0 °C. The annual mean
minimum temperature is 17.2°C with a range from 3.0 to
18.0 PC. The mean relative humidity at 0800 and 1700 hr
is about 59 and 35 per cent, respectively. The mean

pan evaporation ranged from -2 to 14.3 mm/day.

Agro~climatically the area falls under scarcity zone of

Maharashtra.
F.1.5.2 Meteorological observations

The meteorological data during the period of
experimentation are presented in Table 3.2 and

graphically shown in Fig. 3.1.

It was observed from the data that the
precipitation received dwring the experimental periad
was 203.8 mm. The mean maximum and minimum temperature
ranged between 28.66 and 40.379C and between 11.0 and
25%,.329°C, respectively. The morning and evening relative
humidity ranged between 58.0 and BZ.0 per cent and

between 16.0 and 73.29 per cent respectively. The mean
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TABLE Z.2. Meteorological datsa recorded during experimental
period (March to July , 1994)

o740 bosas Seatn 1o03D Stess TeRE® setns S0%es seene Beem SH008 Sastn Sense bount Boves Sre ey SHFSY S404s Bhess esd VP bente Leuth BIORE Seren Teese et e SAiRS SHmn SHAIR Send et s vt Shsdd Teate Sives bosen FOTS b nees 10580 Soshe 1900 babed SR Shrmp ALl kS St S b Mokt hees b Sebkn Akin rheay Seees e hiah SAVER Serke BeSER W8S beks S4KSD Shrar SSetn daets

Met. Month Date Mean Temp, Relative Mean Rainfall, No.
Weaelk ¢ humidity, evapo—  mm of
P ration, rainy
mm days
Mau Min Morn—- Even-—
ing ing

9 Feb. 2604 FF.16 11,00 77.57  19.00 6.17 - -
10 March 05-11 S4.61 14.21 89B.57  17.00 7.81 - -
11 12-19 TH.86  15.40 H2.14 16.00 7 69 - -
2 1923 S7.90  16.435 5B.57  2E.14 .43 - -
1= 2bH-01 T7.81 17.97 99.14 3E.43 .5 - -
14 April  02-08 E6.93%  18.1% 69.00 19,57 B.63 - -
15 09~15 F2.86 19.846 78.43  E7.71 b.47 31.50 2
16 16-2 F36.099  18.39 T72.14 27.14 8.63 b 40 1
17 ¢s~”9 I7.537 18.19  62.4F  20.473 10.8%5 - -
i8 FO-06 E7.37  19.50 88.00 23E.43 10.01 - -
19 May O7-13 8,00 21.17 &8.43% 27.14 11.57 - -
20 14-20 BG.67  2Z.93 I.14 26.14 E.90 - -
21 21-27 40,37 22.09 67.84 25.14 13.2 - -
22 2803 28,04 25.39 75.86 27.43 .20 720 i
25 June 04~10 6,24 23T.037 8B0.8&6 40.57 7 .84 15.80 2
24 11-17 29,39 22.33 83.00 b65.47 6.84 Z.20 2
25 18-24 30.49 22.34 82.14 57.4% .23 1.00 -
26 25-01 21,15 22,01 2.14 63.2 7.89 7.80 1
27 July 02-08 29.87 20.96 B8B0.29 &2.71 5.10 7 .50 i
28 0D9-15 28.66 21.60 80.86 73.2 4,37 22.00 3
2 1622 28.91 20.84 80,37 &7.2 5.00 17.20 1
A0 2E-29 29,17 21.3%9 B1.29 &6.71 4.43 2.80 1
A FO-05 2,25 21.63 BL.E7  57.29 4.47 1.40 -
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pan evaporation ranged from 4.37 to 13.90 am/day during
March to July, 1994 i.e. 9th to Jlst meteocrological

weeks, respectively.

3.1.6 Experimental set-up
3.1.6.1 System performance and moisture distribution
study

The land was prepared by one ploughing and

two harrowing operations for conducting the experiment.

The layout of the experimental set-up used
for studying the system performance and moisture
digtribution patterns is shown in Fig. Z.2. The field
was fairly levelled. The centrifugal pump of I H.P.
equipped with by—-pass arrangement was used to feed the
micro—-irrigation systems at reguisite operating
pressure. The pressure adijustment was achieved by
controlling the discharge with the help of regulating
valve provided on delivery side of the pump. Screen
filter was provided on delivery side of the pump to
ensure clean water supply and to minimize the risk of
emitter clogging. A valve was provided on the each
manifold for regulating the pressure head which could be

read from the pressure gauge connected just after the

valve,

The performance of different micro-irrigation
systems such as tuwrbo-key dripper system {(point source
application), strip tape system ( line souUrce
application) and microsprinkler system was studied.

Fach system consisted of four 1é& mm LDFE laterals with
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desired spacings of emitters. The length of laterals
used were 25m, S30m, 73m and 100m in each system. The
strip tape was laid 10 cm below surface level for

studying moisture distribution patterns.

Other details of micro-irrigation unit

used were as follows.

i. Type of main : GB.1. pipelime already
available, 6% mm diameter.
1i. Type of submain : P.V.C. pipe, 50 mm diameter.

iii. Type of manifold F.V.C. pipe, 32 om diameter.

iv. Type of lateral ¢ L DPFPE , 16 mm diameter.

V. Details aof micro- 3 The details are given in
irrigation systems Table 3.3,

3.1.6.2 Salinity status

To study the salinity status under these
micro—irrigation systems, the systemg already installed
in chilli crop were wsed. The layout of these systems
is  shown in Fig. 3.3, In this lavout the plots of
P.00m x J.60m sire were prepared by Shinde (1993) for
another purpose. The chilli crop (var. Agnivrekha) was
planted in  pair-row technique with the spacings of
I0cm x  4%cm in dripper and strip tape system plots,
whereas the normal spacings of &0cm ¥ 45cm was adopted
in microsprinkler system plot, as in microsprinkler
system water is sprinkled over entire plot (Fig. 3.4).
The buffer strip af 2.00m was Lkept betwsen two

treatment plots to avoid lateral movement of water,
The control unit of micro-irrigation systems
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micro—-irrigation systems
Sr. Type Emitting Recomme Standard Emitter Lateral
No. of device -nded discharge, spacing, spacing,
source operating 1ph cm cm
pressure,
kg/cm™
1. Faint Turbo-
ey 1,00 4 .00 0,00 120,00
on—-line
drippers
2. Line Strip
tape OL70 3.580 28.30 120,00
with per m
emission
holes
3. Sprinkle Rotary
micro- 1.50 36.00 180,00 180.00

sprinkler

rove braon saet e RS sy SRS S A SRS GubbS A SaPE SH4re S0 Seret SRbHR SP S S 4485 SVbbe Feing Aeed e (ST Ses S Fevle Geive P e SO Sasle SRARE St ete Mot P S S S e il A0 oS SRS it SHP SeAtd Seuhe WPers Aaede Sty SalER Saome Pares s it LUTSR Bk St S ot
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consist of centrifugal pumpset, screen filter, control
valves, pressure gauges and by-—-pass assembly. The system
was operated by 3.00 H.P. electric motor. The strip tape

was laid 1%cm below the ground level.

Other details of these micro—-irrigation

systemns are as below @

i. Type of main 1 B.I. pipeline already
available, &63mm diameter.
ii. Type of submain : F.V.C. pipe, 530 mm diameter.

b d
R

iii. Type of manifold 3Z2mm diameter.

P.V.C. pipe,

iva Type of lateral : L.D.P.E., 16mm diameter.
Vo Details of micro— : The details of micro-
irrigation systems irrigation systems were

same as reported in

Table 3.73.

3.1.7 Pressure — discharge relationship

The relationship between pressure and
discharge was studied in each micro—irrigation system
for different lengths of laterals such as 28, 50, 7% and
100 m. The layout shown in Fig. F.2 was used for this
purpose, The plastic catch-cans were used to collect the
emitter discharge at 4 locations on each lateral. The
precise and accurate stop-watch was used to measure the
time period. The collected water was measured with the

help of measuring cylinder.

3.1.8 Emission uniformity ( E U )
The material reguired for carrving out the

tests were the same as reqguired for pressure-discharge
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at different pressure heads of 5.0, 7.5, 10.0, 12.98,
19.0 and 17.% m in case of drippers; at 5.0, 7.5% 10,0,
12.8 and 153.0 m in strip tape system and at 10.0 , 12.5,
15.0, 17.5, 20,0 and 22.% m in microsprinkler system.
These pressure heads were regulated with the help of the

controlling valve installed on the manifold.

3.2.1.2 Emission Uniformity

In Ffinding out the emission uniformity (EU)
of the system, the procedure suggested by Nakayvama and
Bucks (1986) was used. The data collected for pressure-
discharge relationship study was used for computation of
Ell. The EU was determined for different coambinations of
aperating pressure and the length of laterals for
studying their effects on emission uwuniformity. The
formulae for estimation of field EU and absolute EU,

given by Nakayama and Bucks (198&4), are given below.

al Field emission uniformity (EUg)
9min i
EUf = e W 100 et Bl
Qave
bl Absolute emission uniformity (EUL)
Qmin Qave 1
EU, = ( ———=- + e ) w == % 100 v (302D
Qave Gu 2

Anin = minimum discharge rate , 1ph or lph/m
Qave = average discharge rate , lph or lph/m
a,, = average of 1/8th of highest discharqge

rates,lph or lph/m

EUf and EVa are in per cent.
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3.2.1.3 Uniformity Coefficient

In determining the uniformity coefficient
(UC) of the rotary microsprinkler, the catch-cans were
placed on a levelled surface of soil in the square of
size 1.80m x 1.80m formed by four microsprinklers at
grid spacing of 30cm (Fig. 3.3). The stake heiaght of
gach rotary microsprinkler was kept 20 cm above the soil
surface. The UC was determined for the lateral length
of 28m at head, middle and tail end. The system was
operated at 15m pressure head for half arn  hour
continuously. Immediately after termination of the
irrigation, the depth of collected volume of water in
each catch-can was measured with the help of graduated
cylinder. The depths observed were used for computing
the uniformity coefficient of rotary microsprinkler by
the following equation given by Christiansen {Mi~

chael, 1978).
UG = 100 {( 1 - —w—m——— ) enwl F.3 )

in which,

uc = uniformity coefficient, per cent.
!x) = Numerical deviation of individual observed
depth from average depth, mm.
) =  Average depth of all observations, mm.
] = Total number of observation points.
3.2.1.4 Head loss in laterals

The pressure head at the inlet of lateral was
taken from the pressure gauge installed on manifold,

near the lateral. At tail end of same lateral, another
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pressure gauge was installed to measure the pressure head
at outlet. The difference between the pressure heads at
inlet and at tail end of lateral was considered as a
head loss in the lateral. The head loss in lateral was
found at different pressure heads and 25, 50, 75 and 100

m length of laterals in each system.

3.2.2 Moisture distribution pattern

The moisture distribution pattern under
different micro—-ivrrigation systems was studied for
different combinations of emitter discharge rates and

quantities of water, as given below.

et i St Snoas eeane e b bkt Bovas Sreia et Bhotm Sbvin bt Sesut PPV S0etd Hhons SHPFR Sards bomis faots Peees S4bs) Sburs sodmm Soicy $HOUE SALt Sbmes Veten momt Tades babes il SiAin Aeess beres S0ash et SuiSs mmmee SSNM Seett brm Serth e Shame Smmet SeETE baeet febt L% A e

Sr.No. Mame of system Discharge rate, Quantities
lph of water,
lit

1. Turbo-key 3 5, 10, 13
on—-line 4 S5, 10, 15
dripper ) 8, 10, 15

2. Strip tape 2 per m . 8B, 10
{sub surface) I per m 9, 10, 15

4 per m S, 10, 13

3. Rotary X0 40, &0, 80
microsprinkler R} 40, &0, 80

40 40, &0, BO

The qguantities of water as above were
applied on uniform and levelled soil surface. The soil
samples before the application of water and after 0, 24
and 48 hr of application of water were collected with
the help of screw auger. In case of turbo-key dripper
and strip tape, a grid for collection of soil samples
from different depths and radial distances was

considered as shown in Fig. 3.6. For rotary
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microsprinkler, the soil samples were collected from the

grid points as shown in Fig. 3.7.

After samples were collected in boxes, the
auger hole was refilled with the soil removed by the
auger, so that there was no discrepancy 1in sample
collection after termination of irrigation, at 24 hr
after irrigation and 48 hr after irrigation. The
moisture content of each sample was determined by

gravimetric method.

The data pertaining to moisture content at
various locations were used to find out the extent to
which the wetting front of 36 per cent moisture
{ i.e. field capacity ) has reached, under different set
of conditions. The radial movements of moisture at

various soil depths were determined and correlated.

3.2.3 Salinity status
The salinity status in the 501l under
different micro—-irrigation systems due to their

different modes of water application was studied by
collecting soil samples upto 45 cm soil depth. The grids
for collection of soil samples are depicted in Fig. 3.8
This study was carried out in already installed micro-
irrigation systems in chili crop. The data regarding
average volume of water applied by emitter, total
rainfall and fertilizer applied, etc. are given in

Table X.4.

The soil samples were collected after 30, 60,
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Table I.4. Details of average water applied by differant emitters, rainfall,
fertilizer applied, etc. 1in chilli crop throughout the season.

e P e e 8 P SO St U B U P Sehen s S T M A S P s TS S g g et S

—— o

e @ s e — o - - ——- g

Sr. Month Date af Elapsed time Date of Total Average volume ©of water
Mo . sampling after trans-— fart{lizer rainfall, applied at alternate
planting, application cm day per emitter, lit
days and s e e -
quantity, Dripper Strip Micro-
kg/plot tape sprinkler
March J31.03.%4 20 01.,03.%94 e 7.39 8.77 23.6%
1.08 per m
Suphals
(15:15:15)
2. April I0.04.%4 18] 01.04.94 5.79 8.52 ?.47 25.56
0.352 peEr m
Urea (4646)
3. May 30.05.94 Q0 - .72 11.28 12.53 32.84
pear w
4. June —— —— e 8.748 - - e
5. July 29.07 .94 150 - 4.3% .58 &.20 16.73

e o S ot b e i s ik S reh A e s M i S M S S0l s St S R e A s B B Wk Tobrs ol S A el et Pl e ettt i

e

Average emrtter diwcharge 1

+9

i. Dripper = 3.84 lph
2. Strip tapse = 3.00 lph/m
3. Microsprinkler = JI3.72 lph
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F0  and 150 days after tramnsplanting with the help of

HOFEW auger. After air drying the soil samples were
gently crushed and sieved through 0.20mm mesh. In
order to find out the salinity (EC) of these soil

samples Sgm of s0il was used. The soil water ratio used
was 1:2.9%, The digital electrical conductivity meter
was used for determining the salinity status i.e. EC

values.

The data of EC at various grid points under
different micro—-irrigation systéms were used for
plotting the contours of different levels of salinity
{ i.e. iso-salinity lines ). The data obtained for
studying different objectives in this investigation was
uwsed suitably by illustrating with graphs and figures at

appropriate places.
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< . RESULTS AND DISCUSSION

The observations and data analysed during
the conduct the present investigation were studied
critically and are reported in the appropriate manner in
this chapter. The findings obtained are discussed in
light of the previous literature. This chapter is

broadly characterised in major topics as indicated

below.
4.1 Pertinent physical and
chemical properties of soil.
4.2 System performance.
4.3 Moisture distribution pattern.
4.4 Salt distribution studies.
4.1 Pertinent physical and chemical properties of
soil
The pertinent physical and chemical

properties of soil and the soil moisture constants are
presented in Table 4.1. The soil of the experimental
site was clay in tesxture with clay content of 30.11 per
cent, 24.21 per cent sand and 25.68 per cent silt. The
s50il  depth was 80 cm. The bulk density of the soil was
1.12 gm/co,. The field capacity and wilting point of the
501l were 3I6.65 and 18.24 per cent, respectively. The
basic imfiltration rate and hydraulic conductivity of
s0il was 0.42 cm/hr and 1.20 m/day, respectively. The
01l was sodic in reaction (pH 8.3) having electrical

conductivity of 0.88 dS/m and ESF 22.50.
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Table 4.1. Pertinent physical and chemical properties
of soil and the s0il moisture constants
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Sr. Soil properties

Upper

No. layer
i. Bulk density, g/cc 1.13
2. Total porosity, per cent 49,85
g Depth of soil , cm 80.00
4. Soil fractions

il Band, per cent 24,21

iil 8Silt , per cent 29.68

i1ii] Clay, per cent 50.11
S. Texture Clay
H. Hydraulic conductivity, 1.20

m/day
7. pH 8.50
8. EC, d&8/m 0.88
9. Soil moisture constants :

al] Field capacity, per cent FbH..65

bl Permanent wilting point , 18.24

per cent
c] Available moisture, cm,ana5um. 9,34
dl] Infiltration rate, cm/hr 0.42

hres benan e ks s St bttt S P e S8V Sk e et o000 o S e S04 HACS S40RE BIRY SHSLD Svart S A T 18588 e $UPLS b Mg shemn SSbvm Gmaes FOo) 44420 MHmim SAbRS Snber Sesih AR Seess b Summ Seme e Leess 000 PR e mares (e oo o e e
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4.2 System performance

The system performance was studied in respect
of the relation between pressure (H) and discharge (Q),
emission wuniformity (EU) , uniformity coefficient (UC)
af microsprinkler system and head loss (H )in the

lateral lines.

4.2.1 Pressure discharge relationship
4.2.1.1 Dripper system

The data in respect of emitter discharges
with respect to the pressure variation in different
lateral lengths are given in Table 4.2 and depicted in
Fig.4.1. It is observed that the discharge (G) of
dripper increased with increase in the operating
pressure (H) in case of all the lateral lengths. It is
also observed that the 0O decreased with increase in the
length of lateral at all H values. This was due to the
head loss in the lateral. The decrease in the discharge
was found in the range of 14.38 to 28.73 per cent, when
the lateral length was increased from 2% to 100 m  for
the pressure of 0.50 to 1.75 kg/cmg. As the pressures
head increased from 0.50 to 1.75 kg/cmz, on an average
the discharge increased by 33.4, 34.3%, 39.5 and 446.8 per
cent, respectively for the lateral lengths of 23, 50, 78
and 100m. The average discharge at recommended
operating pressure of 1,Dkg/cm2 was observed 3.89, 3.44,
Fe4ébh and T.20 1ph fmr’lateral lengths of 25, 30, 7% and
100m, respectively. The correlations between pressure
head (H) in kg/cm2 and dripper discharge (Q) in lph were

developed as below.

7-3209
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Table 4.2. Pressure — discharge relationship
for different lateral lengths in
dripper system
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Operating Average dripper discharge (Q),
pressure 1ph
{(H)
kg/cm* Length of lateral , m

25 30 75 100
0,50 3.45 3.19 2.92 2.68
0.78 .64 3.44 3.23 2.96
1.00 .89 .64 3.46 .20
1.25 4.12 3.89 .66 3.48
1.50 4.36 4.09 3.82 3.465
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O = 3.958 HO-=4 for L=2% m cea(4.1)
( ¥ = 0.96 )

@ = 3,705 HO-254 for L=50 m e (4.2)
{ r= = 0,97 )

O = 3,475 HO-297 for L=7% m ce e (4.3)
( r< = 0.98 )

Q = 3.255 HO-F02 for L=100 m cee(4.4)
( r2 = 0,98 )

4,.2.1.2 Strip tape system

Table 4.3 and Fig. 4.2 show the pressure-
discharge relationship for strip tape having different
lengths.Ilt is seen from the Fig. 4.2 that the discharge
{(Q) of strip tape lateral increased with increase in the
aperating pressure (H) in case of all the lateral
lengths. It is also observed that the Q decreased with
increase in the length of lateral at all H values. This
was due to the head loss in lateral. 7The decrease in
the discharge was found in the range of 2.48 to 11.33
per cent for the pressure of 0.30 to 1.30 kg/cmE when
the lateral length was increased from 25 to 100 m. As
the pressure head increased from 0,50 to 1.50 kg/cmg, ort
an average, the discharge increased by 40.9, 42.1, 42.7
and 40.2 per cent, respectively, for the strip tape of
25, 80, 73 and 100 m lengths. The average discharge at
recommended operating pressure of D.75k’.g/c:mE was
ohserved Z.73, 3.66, 3.52 and Z.29 lph/m for the lateral
lengths of 2%, B, 7% and 100m, respectively. The
cortrelations between pressure head (H) in kg/cmﬁ and
strip tape discharge () in lph/m were developed as

below.
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Table 4.3. Fressure —~ discharge relationship for
different lateral lengths in strip
tape system
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Operating Average discharge (Q),
pressure lph/m
(H), o
kg/cm Length of lateral , m
25 S0 75 100
0, 30 2.88 2.75 2.65 2.58
0.75 2.48 3.38 3.26 F.19
1.00 3.73 3.67 Z.54 3.35
1.25 3.89 .81 3.467 .50
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Q= 3.66 HY-I04 for L=25m e (B.5)
( r< = 0.93 )

Q = 3.5856 HO-F17 for L=50m e (8.6)
{ r= = 0,91 )

Q= T.434 HO-S2L for L=75m cea (8.7)
( r< = 0.91 )

@ = 3.281 HP-=97 for L=100m e n(4.8)
( r< = 0.92 )

4.2.1.3 Microprinkler system

The data in respect of emitter discharges
with respect to the pressure variation with different
lateral lengths are given in Table 4.4 and depicted in
Fig. 4.3. The similar results were obtained as in case
of dripper and strip tape systems. It was noticed that
the decrease in the discharge was found in the range of

44.09 to 49.09 per cent for the pressure of 1.0 to 2.25

o

i»:.g/cm2 when the length of lateral was increased from 2
tg 100 m. As the pressure head increased from 1.0 to
2.25 kg/c:m'2 « On an average, the discharge increased by
1.8, 146.4, 25.8 and 24.9 per cent , respectively, for
the lateral lengths of 25, 50, 7% and 100m. The average
discharge at recommended operating pressure of 1.50

I':.g/cm2 was observed 32.70, 25.79, 21.43% and 17.30 1ph

o

for the lateral lengths of 25, 50, 7% and 100m,
respectively. The correlations between pressure head
{H) in kg/cm2 and microsprinkler discharqge (&) in 1lph
were developed as below.

O = zo.sp1 HO-160 for L=25m ce e (4.9)

( r< = 0.97 )
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Fressure — discharge relationship for different

lateral lengths in microsprinkler system
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Operating
pressure
(H),
kg/ocm*=

ot s et ot ot enie e

Average discharge (Q),

1ph

lL.ength of lateral , m
s 75 100
 23.84  18.98  15.45

24.81 20.28 16.22

23.80 21.45 17.31

26.867 22.3 18.02

27.15 23.27 18.71

27.77 23.81 19.31

- e s e s oS30 oSS S e o849 M bt OO NS Sie2h e PO et Sotms S YO Tk S AR SRS VevRs e Ao Sk s e aS% st SHSss rasnt hapt iee SHeve SHmm S Srims TS SAte RS b reoss iy $heet S4080 b ket rebes Sy s S et e



Discharge Q) , lph

35 [ Lengths @/b

8-25m ,gw/
- e 50 m
6-75 m

A-100 m

30 k-

25 |- ,,/

o |

. s .
3 ~A//
) -
- / % @0 A-Observed
0 S ' »-{olculated
'
¢ I i i i i [
0 125 150 175 20 225

Operating pressure (M) , kg/emE

Fig.4 3. Pressure-dischorge relationship observed for
different length of loteral (L}  in microsprinkler systemn



70

0 = 23.846 HY-170 for L=50m cen (4.10)
( r2 = 0,98 )

0 = 19.038 HV-284 for L=75m cea(4.11)
{( r& = 0.99 )

@ = 15,385 H9-281 for L=100m ce (A1)
( r< = 0.99 )

The similar results for pressure-—discharge
relationship have been reported by Lagad (1989),.

Salunkhe (1991) and FPatel and Aware (1994).

4.2.2 Emission uniformity
4.2.2.1 Dripper system

The emission uniformity (EU) of drip system
was determined by two different equations viz. field EU
and absolute EU for different lengths of the lateral
and operating pressures. The data of discharge collected
at different 1locations on four laterals are given in
Appendix-T(A). The different parameters needed in
estimation of field EU and absolute EU are given in
Table 4.5. The field EU was found on lower side than
that of absolute EU. It is seen from the Table 4.5 that
both the EU values were in the range of 89.4 to 92.8,
87.0 to . 92.1, B4.3 to 91.9 and 85.1 to 91.8 per cent,
respectively for the lateral lengths of 25, 30, 7% and
100 m. The average EU values show that lesser the
lateral length, more the EU. In general, the EU of
dripper system was excellent for all the lateral lengths

as per the criteria given by Nakayama and Bucks (1986é6).
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Table 4.5 Eamission uniforeity estimated for different

operating pressures and lateral lengths in
dripper gsystea

P e b

Sr. length Pressure, Qin Qave a4y E-issi9n
No. of uniformity,

lateral, kq/cn2 per cent

s
Field Absolute

EU EU
1. 25 0.50 3.08 3.4% 3.85 89.43 ~89.54
0.75 3.26 3.3 4.03 89.80 90.04
1.00 3.54 3.88 4.24 91.08 91.41
1.25 3.76 4.12 4.51 ?1.12 91.23
1.50 3.97 3.36 4.71 91.14 91.83
1.75 4.26 4.50 4,949 92.63 .92.82

2. 50 0.50 2.78 3.20 3.5%9 87.01 "88.02 -
0.75 3.02 3.44 3.82 87.90 88.95
1.00 3.24 3.64 4.01 89.05 89.91
1.25 3.46 3.85 4.26 89.64 90.07
1.50 3.71 4.09 4.47 90.55 .91.08
1.75 3.94 4,29 4.64 91.45 92.06
3. 75 0.50 2.40 2.92 3.45 84.32 ~ 84.44
0.7% 2.856 3.23 3.62 88.49 88.85
1.00 3.07 3.46 3.88 88.679 88.96
1.25 3.25 3.66 4.08 88.92 89.28
1.50 3.39 3.82 4.24 89.01 -89.53
1.75 3.73 4.07 4.42 91.72 . 91.93
4, 100 0.50 - 2.28 2.68 3.04 85.10. 86.58
0.75 2.59 2.96 3.30 87.60 88.43
1.00 2.82 3.20 3.58 88.04 88.66
1.25 3.07 3.48 3.86 88.16 89.17
1.50 - 3.27 3.65 4.06 87.75 89.80
1.75 . 3.61 3.93 4.28 91.82 .91.82
Qmin =  HWinisum discharge rate, lph
Qve = Average discharge rate, lph

9, = Average of 1/8th of highest discharge rates, lph
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4.2.2.2 Strip tape system

The data of discharge collected at different
four locations on four laterals for calculation of field
EU and absolute EU are given in Appendix-~I(B). The
different parameters needed in estimation of field EU
and absolute EU are given in Table 4.46. The field EU was
found on lower side than that of absolute EU. It is seen
from the Table 4.6 that both the EU values were in the
range of 94.7 to 97.8, 5.4 to 97.2, 923.6 to 97.8 and
F2.9 to 96.6 per cent, respectively for the strip tape
lateral lengths of 23 , 50, 73 and 100 m. The average
EU values at any strip tape lateral length and operating
pressure was excellent as emission uniformity exceeded
Q0 per cent  ( Nakayama and Bucks, 1986 ). No any
significant difference of operating pressure on EU was
observed. This may be due to comparatively less head
loss caused due to absence of emitting devices.
Therefore, more than 100 m length of strip tape can be
usaed in the field. The similar results are reported by

Fatel and Aware (1994).

4,.2.2.3 Microsprinkler system

The data of discharge collected at different
four locations on four laterals for calculation of field
emission uniformity and absolute emission uniformity
are given in Appendix—-I(C). The different parameters
needed in estimation of field EU and absolute EU are
given in Table 4.7. The field EU was found on lower side

than that of absolute EU. It is seen from the Table 4.7
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Table 4.6. Emission uniformity estisated for different

operating pressures and lateral lengths in
strip tape system

Sr. length Pressure, Y%in Qave qy Emission
No. of o uniforsity,
lateral, kg/ca per cent

Field Absolute

Eu EU
i. 25 0.50 2.73 2.88 3.02 - 94,72 95.01
0.75 3.34 3.48 3.57 95.89 96.71
1.00 3.64 3.73 3.81 97.65 97.77
1.25 3.78 3.90 3.96 96.87 .97.72
1.50 3.93 4.06 4.18 96.73 - 96.94
2. S50 0.50 2.62 2.7 2.88 95.38 95.87
0.7% 3.27 3.38 3.46 96.82 97.23
1.00 3.53 3J.&7 3.77 96.17 96.74
1.25 3.65 3.81 3.95% 95.96 946.33
1.50 3.76 3.91  4.04 96.17 96.43
3. 75 0.50 2.48 2.8 2.74 93.56. 93.10
0.75 3.15 3.26 3.34 26.66 97.13
1.00 3.36 3.94 3.6 94.88 95.89
1.25 3.53 3.69 3.78 95.62 94.61
1.50 3.69 3.78 3.86 97.74 -97.80
q, 100 0.50 2.41 2.58 2.75 93.468 93.69
0.75 2.98 3.1% 3.25 93.98 95.446
1.00 3.23 3.3%5 3.46 96.51 96.61
1.25 3.2% 3.90 3.65 92.88 94.39
1.50 3.44 3.60 3.75 96.14 94.14
Yain =  Minisua discharge rate, lph/a
9ave = AQAverage discharge rate, lph/a

L]

Qy Average of 1/8th of highest discharge rates, 1ph/as
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Table 4.7 . Eulss1qn uniformity estimated for different
ogeratlnq pressures and lateral lengths in
aicrosprinkler systes

3;. iingth Pressure, 9in 9,ve ay Emission
" 2 uniformity,
lateral, kg/cw per cent
"
Field Absolute
EU EU

1. 25 1.00 26.88 . 30.3% 34.0% 88.8% 866.85
1.25 28.26 31.73 35.52 89.05 89.19
1.50 29.25% 32.71 36.53 89.25 89.39
1.75 29.97 33.49 37.33 89.47 B89.59
2,00 30.57 34.07 37.87 89.72 89.84
2.2% 31.11 34.54 34.23 90.05% 90.20

2. 50 1,00 20.52 23.85 27.12 86.05 B&.9Y
1.25 21.66 24.81 28.27 87.32 87.52
1.50 22.80 25.79 29.16 88.38 80.42
1.75 23.67 26.67 30.02 88.73 88.80
2.00 24.18 27.1% 30.24 89.05 89.42
2,25 24.78 27.77 30.85 89.24 89.62

3. 73 1.00 14.10 18.98 24.45- 74.28 75.96
1.25 15.1% 20.28 25.45 74.71 746.88
1.50 16.14 21.4% 26.73 75.2% 77.74
1.7% 16.89 22.38 27.47 75.46 78.47
2.00 17.76 23.27 28.31 76.30 79.27
2.2% 18.87 23.81 28.78., 79.24 80.98

4, 100 1.00 9.4% 15.45 21.480 61.13 66.35
1.25 10.77 16.22 22.08 66.38 69.93
1.50 11.464 17.29 23.25% 67.25 70.80
1.75 12.51 18,03 23.82 69.39 72.5%4
2.00 13.23 18,71 24.33 70.72 73.80
2.25 14.2% 19.31 24,469 - 73.79 76.00

Quin = Minimsum discharge rate, 1lph

Qave = Average discharge rate, 1lph

q, = Average of 1/8th of highest discharge rates, lph
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that both the EU values were in the range of 88.8 to
0.2, 86.0 to B89.6 , 74.3 to 0.9 and &1.1 to 746.0 per
cent, respectively for the lateral lengths of 25, BO, 7%
and 100-m. The average EU values shows that lesser the
lateral length, more the EU. The average EU for 73 and
100 m lateral lengths was low because of high discharge
at ¢ 33 1lph ) microsprinklers. Therefore, the laterals
of length up to S0m only can be used in the field as the

EU was greater than 83 per cent ( Michael, 1278 ).

4.2.3 Uniformity coefficient

The uniformity coefficient (UCc) WAas
determined in case of microsprinkler system at head.
middle and tail end of lateral. The test was repeated
three times to get good averages. The data of depth of
water obtained in the catch-cans placed at various
locations for computing UC are given in Appendix-II
({ A toC ). The UC values reparted in Table 4.8 show
that the uniformity coefficient was in the range of
g8.05 to 926.7%3 per cent. This shows that the application
of water was sxcellent as per Michael (1978) as the
water was applied uniformly all over the area by four

microsprinklers to the extent more than 85 per cent.

4.2.4 Lateral head loss
4.2.4.1 Dripper system

The data of head loss (H ) in lateral at
different operating pressure and lateral lengths in case
of dripper syetem are given in Table 4.9 and depicted in
Fig. 4.4. The data show that the per cent head loss

increased with increase in the pressure as well as  the
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Table 4.8. Uniforeity coefficient obtained at head,
middle and tail end of lateral in
saicrosprinkler systea

Test Locat Paramseters of Uniforsity Average
No. ion equations coefficient uc ,
ey ,
per cent per cent
txi . n
1. Head 15.21 6.83 45 95.04
Middle 19.44 7.11 43 93.92 93.28
Tail 25.20 6.13 45 90.87
2. Head 10.42 6.42 a5 96.33
Niddle 21.37 5.60 45 71.52 92.8%
Tail 25.04 5.98 15 90.70
3. Head 13.62 56.13 45 95.06
Niddle 21.28 6.57 45 92.80 91.97
Tail 30.45 5.66 a5 88.05
Overall uniforaity coefficient (UC)s 92.70

T ix! = Susmation of numserical deviation of
individual observed depth from average
depth , am .

'Y = Average depth of all observations ,as .

n = Total number of observation points.



Table 4.9. Head 1loss as a function of
and different
dripper sgystes

lateral length (L)
operating pressure (H) in

Sr. Length Pressure ( H ) at,

No.  of kg/ca? b bead
lateral (Hp), loss
(L)yn kg/ca?

Inlet Tail

end
1. 25 0.50 0.475 0.025 5.00
0.75 0.707 0.043 9.73
1.00 0.935 0.043 6.30
1.25 1.153 0.097 7.76
1.50 1.360 0.140 .33
1.7 1.560 0.190 10.86
2. 30 0.50 0.440 0.0460 12.00
0.7% 0.45%4 0.094 12.80
1.00 0.845 0.135 13.50
1.25 1.0465 0.185 14,80
1.50 1.250 0.250 14.64
1.78 1.450 0.300 17.14
3. 75 0.50 0.401 0.099 19.80
0.75 0.9591 0.159 21.20
1.00 0.770 0.230 23.00
1.23% 0.940 0.310 24.80
1.50 1.100 0.400 26.66
1.79 1.23% 0.91% 29.42
4. 100 0.50 0.340 0.160 32.00
0.75 0.497 0.253 33.73
1.00 0.4640 0.340 346.00
1.25 0.770 0.480 38.40
1.50 0.877 0.423 41.53

1.75 0.960 0.790 45.14
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length of lateral due to the resistance offered by the
lateral inner surface. The head loss was found increased
from 5.0 to 10.9, 12.0 to 17.1, 192.8 to 29.4 and 32.0 to
45.1 per cent, respectively for the lateral length of
25, 50,75 and 100m, when the inlet pressure at manifold
was 0,50 to 1.75 kg/cmg. The average H at 1.00 kg/cmz
pressure was 6.3, 13.35, 23.0 and 36.0 per cent for the
lateral lengths of 2%, 30, 73 and 100 m, respectively.
The data presented in Table 4.9 was used in Fig. 4.9% to
find out the length of lateral that can be wsed with
allowable head losses of 20 per cent. It is observed
from the Fig. 4.3 that the maximum length of lateral, at
recommended pressure of 1 kg/cmg, can be used in  the
field wupto 37 m considering 10 per cent permissible H_
and &7m for 20 per cent variation in head loss.
Similarly, for 10 per cent variation in head loss, the
maximum lateral length can be used as 40 and I3 m,
respectively at 0.75% and 1.28 lf:.g/cm2 pressure. However,
considering 20 per cent head loss variation, the maximum
length of lateral can be used as 71.9 and 63 m at 0.75

and 1.25 If:.gfc:m:2 pressure, respectively.

4.2.4.2 Strip tape system

The data af head loss (H ) in  lateral at
different operating pressure and lateral lengths in case
of strip tape system are given in Table 4.10 and
depicted in Fig. 4.é4. The data show that the per cent
head loss increased with increase in the pressuwre  as
well as  the length of lateral due to the resistance

aoffered by the lateral inner surface. The head loss was



Table 4.10. Head 1loss as a function of

strip tape (L)

pressure (H)

length of

and different operating

79

Sr.

Length Pressure ( H ) at, Head Per cent
No. of kg/ca loss head
lateral ("), loss
(L),» kg/ca
Inlet Tail
end
1. 25 0.50 0.500 0.000 0.00
0.75 0.740 0.010 1.33
1.00 0.983 0.017 1.70
1.25 1.225 0.02% 2.00
1.50 1.463 0.03% 2.33
2. 50 0.50 0.4856 0.014 2.80
0.75 0.720 0.030 4,00
1.00 0.952 0.048 4.80
1.25 1.182 0,068 5.44
1.50 1.400 0.100 6.66
3. 73 0.50 0.464 0.044 7.20
0.7% 0.488 0.042 8.24
1.00 0.898 0.102 10.20
1.2% 1.113 0.137 10.96
1.50 1.327 0.173 11.33
4, 100 0.50 0.432 0.048 13.40
0.75 0.640 0.110 14,46
1.00 0.843 0.157 15.70
1.25 1.040 0.210 16.80
1.30 1.240 0.260 17.33
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found increased from 0.0 to 2.5, 2.8 to 6.7, 7.2 to 11.5
and 13.6 to 17.27 per cent, respectively for the lateral
length of 2%, 80, 75 and 100 m, when the inlet pressure
at manifold was 0.30 to 1.3%0 kg/cmg, The average H at
0.73 kg/cmz pressure was 1.3, 4.0, 8.3 and 14.7 per cent
for the lateral lengths of 2%, %0, 75 and 100 m,
respectively. The data presented in Table 4.10 was used
in Fig 4.7 to find out the length of lateral that can bhe
used with allowable head losses of 20 per cent. It is
observed from the Fig. 4.7 that the maximum lengths of
strip tape lateral can be used in the field are up to
86, 82 and 74m, respectively for 0.50, 0,73 and 1.00
kg/cm2 pressure, considering 10 per cent permissible
head loss, whereas the length of strip tape goes beyond

the 100 m for 20 per cent permissible head loss. This

is due to the minimum head loss in strip tape lateral.

4.2.4.3 Microsprinkler system

Table 4.11 and Fig. 4.8 show that the per
cent head loss increased with increase in the pressure
as well as the length of lateral due to the resistance

aoffered by the lateral inner surface. The head loss was

JJ

found increased from 8.0 to 28.0, 33.0 to 83.3 , 59.0 to

72.9 and 77.0 to 84.9, respectively for the lateral
length of 25, 20,75 and 100 m, when the inlet pressure
at manifold was 1.00 to 2.25 l»:.g/(:m2 The average H at
1.50 kg/c:m2 pressure was 14.7 , 40.7, 65,3 and 80.0 per

cent, respectively for the lateral length of 25, 50, 75

and 100 m.



Table 4.11. Head loss as a function of lateral length (L)
and different operating

: pressure H i
aicrosprinkler systes -

Sr. Length Pressure (_H ) at, Head

Per cent
No. ::t kg/ca loss head
eral (H, ) 1
L’ 0oss
(L),. kg/c
Inlet Tail
end
1. 2% 1.00 0.92 0.08 8.00
1.25 1.11 0.14 11.20
1.50 1.28 0.22 14,646
1.75 1.41 0.34 19.43
2.00 1.52 0.48 24.00
2.25 1.62 0.63 28.00
2. 30 1.00 0.67 0.33 33.00
1.23 0.79 0.46 36.80
1.50 0.89 0.61 40.66
1.75 0.95 0.80 45.71
2.00 1.00 1.00 30.00
2.2% 1.05 1.20 53.33
3. 75 1.00 0.41 0.59 39.00
1.25 0.47 0.78 62.40
1.50 0.52 0.98 63.33
1.7% 0.56 1.19 68.00
2.00 0.%9 1.41 70.50
2.2% 0.61 1.64 72.89
q, 100 1.00 0.33 0.77 77.00
1.25 0.27 0.98 78.40
1.50 0.30 1.20 80.00
1.75 0.32 1.43 81.71
2.00 0.33 1.67 83.50
2.2% 0.34 1.91 84.89
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The data presented in Table 4.11 was
used in Fig. 4.9 to find out the length of lateral that
can be used with allowable head losses of 20 percent. It
is seen from the figure that the maximum length of
microsprinkler lateral can be used in the field upto
24m, considering 10 per cent permissible head loss with
1.28 kg/c:m2 pressure and for 20 per cent variation in
head loss these lengths were upto 34, 20 and 2% m  for
corresponding pressures of 1.25, 1.5%0 and 1.75 kg/cmz,

respectively.

4.3 Moisture distribution pattern

The data of moisture content at various grid
points was collected after conducting trial of different
combinations of emitter discharge rate (), quantities
of water (V) and time intervals (t), in different micro-

irrigation systems .

4.3.1. Dripper system
4.3.1.1 Effect of water volumes and elapsed time
The different tests were conducted by

applying the water at the emitter discharges of %, 4 and
S 1ph for the different water quantities of 5, 10 and 15
litres. The moisture content data at grid points was
callected at O, 24 and 48 hr after irrigation and was
used for plotting the iso-moisture lines of 3é& per cent
( i.e. field capacity ) in Fig. 4.10 to 4.12. It is seen
from these figures that the movement of the wetting
fromt under the point source of dripper in radial and
vertical planes was different for different combinations

af & . V and t. The movements of moisture contour aof 36
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per cent for 3,4 and % lph are shown in Fig. 4.10,
Fig. 4.11 and Fig 4.12 respectively. It is seen from
these figuwres that the iso-moisture line of 36% moisture
advanced with the elapsed time, after irrigation as well
as with the increment in the volume of water. The extent
to which the wetting front advanced radially and
vertically unrder different set of condition are
determined from the moisture distribution pattern ( 3é&%

moisture contour ) and are given in Table 4.,12.

e

In case of 3 lph discharge rate of drippers,
it is seen from the data presented in Table 4.12 that
the maximum radial spread (Rm) and maximum vertical
advance (Va) of wetting front increased with elapsed
time (t) and volume of water (V). The maximum radial
spread was ranged from 12.2 teo 14.46 , 14.3 to 18.8 and
16.0 to 23.7 cm, respectively for 93,10 and 15 1it of
water during O to 48 hr after irrigation. These values
of maximum radial spread were noticed at the soil
depths of 3.5 to 15,0, 5.0 to 17.9 and 4.0 to 20.0 cm

for 5, 10 and 13 lit of watler, respectively. The

4

vertical advance of wetting front was 34,0, 41. and
B0.9 acm at 24 hr after irrigation and 39.5, 48.9 and
B8.0 cm at 48 hr after irrigation, respectively for 5,10

and 1% lit of water.

In case of 4 lph discharge rate, it is seen
from the Table 4.12 that both the maximum radial spread
and vertical advance increased with elapsed time and

volume of water applied. The maximum radial spread was



Table 4.12. Maxisum radial spread and vertical advance of
wetting front in dripper systea

Sr. Discharge @Quantity Time Depth of Maximum Haxisum
No. {(&8),1ph of after soil at radial ver tical
water irrig.  which spread advance
applied (t), maxiaum of of

(V) hr radial acisture wmoisture

lit spread froa ( VYa ),

abserved eaitter cl
(d), ¢ Rm ),
ca cm

i. 3 S 0 3.%0 12.20 29.50

24 2.00 13.50 34.00

48 15.00 14.43 39.50

10 0 5.00 14.25 35.50

24 14.70 17.00 41.50

48 17.50 18.75 48.00

1% 0 46.00 16.00 44.50

24 15.00 19.50 50.50

48 20.00 23.25 58.00

2. 4 5 0 4.50 12.80 25.350

24 12.00 16.2% 27.00

48 15.00 18.%0 30.00

10 0 $5.00 15,00 2%9.00

24 14.50 20.50 34.00

48 18.00 22,664 38.00

15 0 7.50 21.25 38.00

24 18.00 24.00 43.50

48 23.00 25.50 49.00

3. 5 5 0 4.00 14.50 20.00

24 92.00 18.23% 22.%0

48 15.00 22.7% 26.00

10 0 6.00 19.2% 23.50

24 11.50 22.2% 28.00

48 18.50 24.50 32.50

15 0 9.00 23.00 30.00

24 14.50 27.7% 35.00

18 21.00 33.75 41.00
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ranged from 12.8 to 18.5,158.0 to 22.7 and 21.2 to 25.%5
cm, respectively for 5,10 and 13 lit of water during O
to 48 her after irrigation. These values of maximum
radial spread were noticed at the soil depths of 4.5 to
1%.0 , 5.0 to 18.0 and 7.5 to 23.0 cm for 5, 10 and 15
iit of water , respectively. The vertical advance was
27.0, F4.0 and 43,35 cm at 24 hr after irrigation, and
0.0, EFZBL0 and 49.0 cm at 48  hr after irrigation,

respectively for 5,10 and 1% 1it of water.

When discharge rate was changed to 3 1lph, it
is seen from Table 4.12 that the maximum radial spread
and vertical advance increased with elapsed time and
gquantity of water applied. The maximum radial spread was
ranged from 14.95 to 22.7 , 12.2 to 24.5 and 23.0 to IX.7
cm, respectively for 5, 10 and 15 1lit of water during ©
to 48 hr after irrigation. These values of maximum
radial spread were noticed at the soil depths of 4.0 to
15.0, 6.0 to 18.5 and 9.0 to 21.0 cm for 5,10 and 15 1lit
af water,respectively. The vertical advance was found
22.3, 28.0 and F5.0 cm at 24 hr after irrigation, and
26,0, 3F2.5% and 41.0 cm at 48 hr after irrigation for

3,10 and 1% 1lit of water, respectively.

4.3.1.2 Effect of dripper discharge

The effect of discharge rate on the masximum
radial spread and vertical advance of wetting front was
also studied and depicted in Fig. 4.13%3. It is seen that
as the discharge rate of dripper increased, the mauximum
radial spread from emitter also increased and the

vertical advance decreased, at constant volume of water
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and elapsed time. Irrespective of elapsed time, the
increase in radial spread was 37.6, 32.0 and 43.8 per
cent, respectively at S, 10 and 15 1it of water when the
dripper discharge was changed from % to 5 1ph. The
vertical advance of wetting front was decreased by 33X.8,

2.8 and 30.7 per cent at 24 hr after irrigation and

4

Ha.2, FI2.7 and T3.46 per cent at 48 hr after irrigation
respectively at 95, 10 and 15 lit of water when the
dripper discharge raised from 3 to 8 lph. The similar

results have been reported by Satpute et al. (1992).

In general, it was observed that the radial

spread of wetting front increased due to the increase
in the following parameters in descending order as @
(i) Elapsed +time after irrigation i.e. interval
bhetween two successive irrigations. If irrigation
interval is more, the volume of water to be applied to
the crop will naturally be more and hence radial spread
of wetting front will be more, and

{ii) Discharge rate of dripper.

The vertical advance of wetting front could
be increased due to the following parameters in
descending order:

(i) by increasing irrigation interval, and

{(ii) by decreasing dripper discharge.

4.3.1.3 Correlations develaped
The correlations developed to determine the

vertical advance (Va) of wetting front from emitter and
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Table 4.13. The radial spread and saximus vertical advance of

wetting front observed from acisture distribution
pattern under different set of conditions in dripper
systes

Sr. Discharge Volume Time Radial spread (Rs), cm Haxisum

No. ¢ &), ", (v, at the different soil vertical
1ph 1it hr depths ( d ), = advance
(Va), ca
0 15 30 45

1. 3 5 0 10.75 10.7% 0.00 0.00 29.50
24 12.23 12.25 3.2 0.00 34.00

48 12.7% 14.50 8.50 0.00 39.50

10 0 12.75 12.2% 4.50 0.00 35.50

24 14.25 16.75 8.75 0.00 41.50

48 16.00 18.50 12.00 3.75 48.00

15 0 15.00 14.00 9.50 0.00 44.50

28 16.75 19.50 13.00 4.25 50.50

48 19.00 22.72 20.50 11.75 58.00

2. 4 5 0 12.00 11.50 0.00 0.00 25.50
24 13.50 146.00 0.00 0.00 27.00

48 15.25 18.50 0.00 0.00 30.00

10 0 14.50 13.30 0.00 0.00 29.00

24 17.00 20.50 0.00 0.00 34.00

48 18.50 22.%0 18.50 0.00 38.00

15 0 16.50 20.65 12.00 0.00 38.00

24 18.25 23.75 19.25 0.00 43.30

48 19.75 26.7% 25.7% 11.25 49.00

3. 5 5 0 13.75 8.75 0.00 0.00 20.00
24 15.25 12.00 0.00 0.00 22.50

48 17.%0 22.7% 0.00 0.00 26.00

10 0 17.00 16.50 0.00 0.00 23.50

24 18.73 21.25 0.00 0.00 28.00

48 21.00 24.50 7.50 0.00 32.50

15 0 20.25 21.25 0.00 0.00 30.00

24 22.75 27.50 13.30 0.00 35.00

48 25.2% 33.00 26.00 0.00 41.00




Table 4.14. Details of the equations developed for determination of vertical advance and radial spread of moisture in

respect of constant vialues and correlation coefficients for dripper system

Constants in eq. 4.14 for radisl spread (Rs) of malsture in the sod

Sr. | Disc- | Time | Constants st eq. 4,13 for vertical advance (Va) of water
No | Wee | hr in sofl
Q)
Iph
A By B, Cy Cy Cy r A By By Ci Cy C3 Dy D3 D3 Dy e
L 3 e 3339 ] 083 | 072 | 633 | 625 ] 007 | 099 | 1807 | -2.68 | 0.64 | 032 | 0.04 | -0.03 | 0.01 | 6667 -::_4‘ 5;314 0.98
K r
x 108
24 4839 | 8608 | 1.58 0.42 | -60.19 | 0.04 099 | 23.14 ] 457 | 038 0.57 .01 | 903 | -0.02 187 217 s18 0.9
xi0d | 104 | x104
43 7811 {2058 ] 158 | 1.83 | 0.37 ] 0.04 | 099 | 1133 | 4207 ] 047 | 007 | 002 | 002 | -2.8 2.0 38 197 .99
»10-3 | <103 Ix10d | a09
Z. 4 @ Same a5 above for "¢ ' br 46.59 | -11.26 | 0.07 1..01 0.14 | 0.06 | -0.03 3.4 -188 1.08 0.98
10d | =10 | a6
24 Same as above for "24 ' hr 3103 | 619 059 | 071 | 0.04 | £92 ] -238 | e -3.42 133 0.96
x10-2 | =192 | x103 | xaed | xaed
48 Sane as above for "48 ' hr 2147 { -291 | 0.09 | 045 | 004 | 903 | 002 | 3T 202 .8 0.96
x 107 | »x109 | x104
3. s ] Same a3 above for ‘o ' hr 2978 | -7.69 | 0.97 0.89 | 6.67 009 | 0.03 40 -6.67 1.46 0.9
1103 %104 | =109
24 Same as sbove for "24 ' hr 3417 | -7.46 | 055 088 | 005 | 0.07 | 0.03 1.96 2.4 1.41 0%
=103 | =3 | x109
48 Same as sbove for "48 ' hr 60.77 | -1491 | 6.28 1L58 | 013 | 007 | 497 | 267 317 1.2¢ 0.97

S6
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af 2, I and 4 lph/m length of strip tape and for the
different water guantities of 3, 5, 10 and 1% lit. The
moisture content data of so0il at grid points was
collected at O, 24 and 48 hr after irrigation and was
used for plotting iso-moisture lines of 364 in Fig.4.14
through 4.14. It is seen from these figures that the
movement of wetting front under the line source of strip
tape in radial and vertical planes was different for
different combinations of discharge (@), volume of water
(V) and elapsed time (t). The iso-moisture line of 36%
advanced with the elapsed time after irrigation as well

as with the increment in the voelume of water.

The data presented in Table 4.1% for the
discharge rate of 2 Iph/m show that the maximum radial
apread (Rm) and vertical advance (Va) of wetting front
increased with d and V. The maximum radial spread was
ranged from 6.0 to 11.0, 2.0 to 12.0 and 9.8 to 12.2 cm,
respectively for 3,5 and 10 1lit of water, during 0 to 48
hr  after irrigation. These maximum radial spread were
noticed at the soil depths of 14.0 to 146.0, 14.0 to 19.0
and 14.0 to 18.3 om for Z,5 and 10 1lit of water, respec-
tively at 48 hr after irrigation. The vertical advance
af wetting front was 30.0, 33.0 and 36.0 cm at 24 hr
after irrigation and 32.0, 346.0 and 392.5 cm at 48 hr
after irrigation, respectively for 3,3 and 10 1lit of
water,

In case of I3 lph/m discharge of strip tape
similar trend as above was ochserved. Table 4.15% show

that the maximum radial spread was ranged from 10.% +to
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Table 4.1% . Maxisum radial spread and vertical advance
of wetting front in strip tape systes

Sr. Discharge Guantity Time Depth of MNMaximua Maxisuam
No. (@),1ph ot after s0il at radial ver tical
water irrig. which spread advance

applied ( t), Raxisum of of

{vV), hr radial soisture wmoisture

1lit spread from ( Vo ),

abserved eaitter ca
(d), { Rm ),
ca cm

1. 2 3 0 14.00 6.00 27.50

23 15.00 7.25 13.00

48 16.00 11.00 32.00

S 0 14.00 ?.00 29.50

24 17.30 10.50 33.00

48 19.00 12.00 35.00

10 0 14.00 ?.83 32.00

24 13.00 11.00 356.00

48 18.%0 12.20 39.50

2. 3 5 0 12.00 10.50 23.00

24 15.00 11.00 24,50

48 17.00 12.70 26.00

10 0 12.00 11.50 25.50

24 17.00 11.75 27.590

48 19.00 13.50 30.00

13 0 12,00 12.75 28.30

24 16.00 13.75 31.50

48 20.00 16.00 35.00

3. 4 5 0 13.00 12.25 17.00

24 13.50 13.25 19.30

48 15.00 14.20 21.50

10 0 12.50 14.00 20.00

24 15.00 16.75 23.00

48 17.00 18.00 25.50

15 0 12.00 14.25 23.50

24 16.00 17.00 27.00

48 18.00 18.2% 31.00
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12.7, 11.5% to 13.5% and 12.7 to 16.0 cm, respectively for
S, 10 and 13 lit of water applied. The values of maximunm
radial spread were noticed at the soil depths of 12.0 to
17.0, 12.0 to 192.0 and 12.0 to 20.0 cm for 5, 10 and 18
1it of water, respectively. The vertical advance was
24,5, 27.% and 31.5% at 24 hr after irrigation, and 26.0,
Z0.0 and I5.0 at 48 hr after irrigation for %, 10 and 105

1it of water, respectively.

When discharge rate was changed to 4 lph/m,
it is seen from Tabhle 4.15% that the maximum radial
spread as well az vertical advance increased with
elapsed time and gquantity of water applied. The maximum
radial spread was ranged from 12.3 to 14.2, 14.0 to 18.0
and 14.2 to 18.2, respectively for 3, 10 and 1% 1lit of
water applied. These values of maximum radial spread
were noticed at the soil depths of 13.0 to 18.0, 12.% to
17.9 and 12.0 to 18.0 ca for %, 10 and 1% 1lit of water,
respectively. In strip tape line source, the vertical
advance was found to be 19.5, 23.0 and 27.0 cm at 24 hr
after irrigation and 21.9%, 25.% and 31.0 cm at 48 he
after irrigation, respectively for 5, 10 and 15 1it of

water.

4.3.2.2 Effect of strip tape discharge

The effect of discharge rates on the maximum
radial spread and vertical advance of wetting front was
also studied and is depicted in Fig. 4.17. It is seen
that as the discharge rate of strip tape increased, the
radial spread from emitter also increased, whereas its

vertical advance decreased, at constant volume of water

7-3%909
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and elapsed time. Irrespective of elapsed time, the
increase in radial spread was 26.0 and 47.3 per cent foar
S antd 10 1lit of water respectively when the discharge
was raised from 2 to 4 lph/m. The vertical advance of

water was decreased by 40.9 and 36.1 per cent at t=24 hr
and 40.3 and 353.4 per cent at t=48 hr, respectively for
9 and 10 lit of water when the discharge was increased

from 2 to 4 lph/m.

In general, it was observed that the radial
spread of wetting front increased due to increase in the
following parameters in descending order as @

(i) Elapsed time after irrigation i.e. irrigation
interval, and

{ii) Discharge rate of strip tape.

The vertical advance of wetting front could
be increased due to the following parameters in

descending order.

(i) By increasing irrigation interval , and

{ii) Ry decreasing discharge of strip tape per metre
length.

4. 3.2.3 Correlations developed

The correlations were developed to determine
the vertical advance and radial spread of wetting front
from strip tape. The data presented in Table 4.1&6 was
used for this purpose. The equations developed are in
the same form as that of eqg. 4.13 and 4.14. The
constants in the equations developed under different set

af conditions are reported in Table 4.17.



Table 4.16.
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rom moisture distribution
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Yime Radial spr
No. €@y, W, (),  at the 253‘;33’;05'
Iph 1it hr depths ( d ), u
0 13 30
1. 2 3 0 4.25 8.25 0.00
29 7.25 ?.30  0.00
48 8.15 11.25 3.25
3 0 4.50 8.75 0.00
24 7.7% 10.50 4.00
48 8.87 11.90 7.25
10 0 7.25 ?2.50 2.28
24 8.50 11,00 7.25
48 ?.50 12.50 9.50
2. 3 5 [¢) 7.25 8.75 0.00
24 8.485 11.00 0.00
48 10.00 12.350 0.00
10 0 8.50 10.75% 0.00
24 10.00 11.45 0.00
48 11.75 13.50 0.00
15 (4] 10.00 12.00 0.00
24 11.7% 13.7% 4.00
48 13.7% 15.75 10.50
3. 4 5 0 10.25 11.50  0.00
24 11.00 13.00 0.00
48 11.75 14.10 0.00
10 0 11.50  13.00 0.00
24 12.50 14.75% 0.00
48 13.7% 18.25 0.00
i5 0 13.00 13.25 0.00
24 14.25% 17.00 0.00
a8 15.29 18.15 2.00




Table 4.17. Details of the equations developed for determination of vertical advance and ra6dial spread of moisture in
respect respect of constant values and correlation coefficients for strip tape system

Constants in ev}. 4.14 for radisl spread (Rs) of moisture in the soil

Sr. | Disc- | Thme } Constants in eq. 4.13 for vertical advance (Va)
No | free (0 of water in soil
Q»
Iph
A By | By | Cy | C2 | C3 r A Bf | B3 | ¢ ] c3 ] ci | bpi| by | b | pg 2
1 2 . 85 | 871 | 055 | 039 | 00S | 630 | 099 | S41 | 737 | 079 | -1.38 | 001 | 006 | 007 | 452 | 417 | 868 | 099
x103 104 | x104 | x104
24 | 5504 | 169 | 082 | 176 | 001 | 256 | 099 | 116 | 509 | 040 | 087 | 006 | 004 | 004 | €9 | -110 | 585 | 097
x103 104 | x103 | x104
48 | 635 |2170] 097 | 251 | 002 | 165 | 099 | 199 | 360 | 036 | 0S8 | 005 | 003 | 003 | 602 | 883 | 336 | 098
1103 5104 | 104 | x104
2. 3 . Same as above for ‘o ' hr 2560 | 709 | 110 | 081 | S17 | 008 | 003 | 281 | 556 | 113 | 099
x10°3 s15 | g103
24 Same 83 abeve for 24 ' hr 2841 | 717 | 094 | 078 | 928 | 004 | 002 | 180 | 445 | 111 | o9s
103 x104 | x194 | x103
I Same as abeve for “48 ' hr 2949 | 677 | 061 | 072 | 002 | 006 | 002 | 113 | ‘110 | 958 [ 0.97
1103 | x19% | 104
3. 4 * Same as above for ‘o ' r 3211 | 836 | 1.22 | 095 | 001 | 008 | 003 | €67 | 1.11 131 | 09
x10S [x10? | x109
4 Same as sbove for 24 ' br 3721 | 1027 166 | 119 | 001 | 011 | 004 | 367 | 833 | 168 | 099
104 | x9S | 1103
- Same as above for 48 ' br 028 | -111S| 168 | 129 | 001 | 012 | 004 | 165 | 288 | 172 | 099

5103 | x104 | x103

SO01



106

4.3.3 Microsprinkler system
4.3.3.1 Effect of water volumes and elapsed time
The radial spread of moisture in

microsprinkler system was definite (i.e. 180 cm) due to
the spacing between two successive microsprinkler and
laterals was 180 cm. The vertical advance of wetting
front under four microsprinklers situated at four
corners was studied for different discharge rates (30,
AR and 40 1ph) and quantities of water (40, 60 and 80
1lit) at O, 24 and 48 hr after irrigation. The data of
moisture content were used to study the movement of 3Z6%
iso-moisture lines and is plotted in Fig. 4.18 through
4.20 for different set of conditions. These iso-moisture
lines were used in determining the average depth of soil
to  which the wetting front of 36% has advanced and are
reported in Table 4.18 and shown in Fig. 4.21. It is
seen from the data that the vertical advance (Va)
increased with the elapsed time and volume of water (V).
However, the increase in vertical advance was observed
mare with elapsed time as compared to increase in volume

of water.,

At 30 lph discharge of microsprinkler the
vertical advance of wetting front was obhserved in the
range of 5.1 to 30.6, 7.9 to 38.% and 8.5 to 43.1 cm,
respectively for 40, &0 and 80 lit of water during O to
48 hr after irrigation. The vertical advance of wetting
front was 4.% to 29.6, 6.9 to 7.3 and 7.8 to 41.9 cm

at 35 1lph discharge and 3.9 to 27.3. &.1 to 35.8 and 7.2



distance,cm

Vertical

Distance from microsprinkler, cm

- 160 150 120 90 60 30 0

15

30

O% 30 : 60 80 120 150 180

< ©
-

- T T

w

a)Volume of water = 40 lit
R

4

OT T T t 1y T A
[//v -5
15F
3OW
451 ,
b)Volume of water = 60 lit
04 T T T T T 4
————— e T — e O
15r
30+ .

c)Volume of water = 80 lit

o3

o-At O hr
o-At  24hr
o-At 4B hr

---after irrigation
4 - Microsprinkler
location

Fig.418.Movement of 36% moisture contour under rofary microsprinkler
for different quantities of water at 30 ph discharge rate .



depth,cm

Soll

Distance from microsprinkler, cm

i v T - T

0

15F

30 ;,fa————v/\""’_—ﬂ\

L5
a) Volume of water= 40 lit
o4 — T T T T {L
.
15
e T T T B ]
30F
A A
45
b) Volume of water= 60 lit
O‘ H T [ 1 2 T ¥ 4
o T
15f

3DVW\

__‘&__———-———————————"’"%—-/——‘A\\J
45 n

¢) Volume of woier: 80 lit

180 150 120 90 &0 30 0
30 60 g0 120 150 HEEO

108

o-At 0 hr
e-At 24 hr
a-At 48 hr
... after irrigation

A - Microsprinkler
location

Fig.419. Movemnent of 36% moisture contour under rotary
microsprinkler for different quantities of water

at 35 Iph discharge rate.



loe3

Distance from microsprinkler,cm

180 150 120 g0 60 30 0
OO 30 60 80 120 150 180
[ o T T T T l\&__——

15;’___‘_—_____%___,_,/f---\._____,_______.___ﬁ_‘“_~~ o-At O hr

o-At 24 hr
C0 A
A-At 48 hr
45 -+ after Irrigation

A-Microsprinkler
location

a) Volume of water= 40 lit

. BN T T T N
2 15t
= m
-‘6. B
2 30F
(% R
45¢ N
b) Volume of water= 80 lit
OA ¥ T T 1 T
| - ]
15
e T
W_\
A

c) Volume of water = B0 lit

Fig.420 Movement of 36% moisture contour under rotary
microsprinkler for different quantities of water at
40 lph discharge rate .



Table 4.18.

The vertcal advance of wetting front
observed from soisture distribution
pattern under different set of conditions,
in maicrosprinkler system

110

Sr.No. Discharge Volume Vertical advance ( Va ) ,
(8), 1lph { V), cm , after elapsed
1lit time ¢ t ) , hr
0 24 48

1.

30 40 .14 23.50 30.460
60 7.85 28.57 38.50
80 8.50 34.50 43.14
35 40 4.50 20.14 29.57
60 6.97 25.12 37.26
80 7.78 30.88 41.90
40 40 3.91 17.24 27.33
60 6.14 22.43 35.81

80 7.20 27.57 40.50
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to 40.5% cm at 40 lph discharge,respectively for 4G, &0

and 80 lit of water during O to 48 hr after irrigation.

4.3.3.2 Effect of microsprinkler discharge
it is interesting to note that the wvertical
advance of wetting front reduced with increase in  the
discharge rate, at the constant volume of water. This
was obviously due to the fact that more the discharge
rate, more the operating pressure and hence more the

wetted diameter of spil.

4.3.3.3 Correlations developed
The correlations were developed to determine
the vertical advance of wetting front in the soil for

the elapsed time of 0O, 24 and 48 hr with the help of

data presented in Table 4.18. The correlations
developed were in the polynomial form inm three
dimensional and second order as given in eq. 4.13. The

constants in the correlations developed under different

set of conditions of Q, V and t are reported in Table

4,19,
4.4 Salt distribution studies

The salt distribution under different micro—
irrigation systems was studied in  respect of its

mavement in horizontal and vertical directions from the
emitter at the end of each month from the transplanting

of chilli.

4.4 1 Dripper system

The iso-salinity lines of different levels
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Table 4.19. Details of the equation developed for
determination

of vertical advance of soisture
in respect of constant values

and correlation
coefficients for microsprinkler systea
Sr. Time Constants in eq. 4.17 for wvertical r2
No. (1), advance ( Va ) of aocisture in soil.
hr -
A B1 B2 c1 c2 c3
1. 0 1.20 -0.24 0.33 1.60_ -1.73 -2.0 0.99
x1073 x10™% «x10
2. 24 43.08 -1.26 0.25 0.01 —l.é 6.6 0.99
x10 x10
3. 48 4.29 0.33 0.76 -0.01 1.67_ -4.2 0.99

x1073  x10”




113

under dripper are shown in Fig. 4.22 alongwith the data
af EC at different grid points. The iso-salinity lines
show that there was distinct movement of salts due to
the movement of water under dripper with the elapsed
time. It was observed that the salts were concentrated
at the periphery of the wetted soil at the soil surface.
It was also noticed from the Fig. 4.22 that the salts
were leached below the depth of 45 cm considerably after
150 days Trom transplanting of chilli. The efforts were
made to simplify the data of salinity in order to study

the lateral and vertical movements of the salts.

4.4.1.1 Lateral movement of the salts

The data of lateral movement of salts are
given in Table 4.20 and depicted in Fig. 4.23. It is
seen that at the scil swurface the salinity of 1.63 dS8/m
under emitter was reduced to 0.36 ( iL.e.by 77.9%9 4 ),
whereas at 1% and 20 cm from dripper, it was increased
by 14.97 and 112.10 per cent, respectively during 30
days time period. It was also noticed that the increased
salinity at 30 cm from emitter at 30 days was reduced by
F1.82, &7.25 and 85.73 per cent after &0, F0 and 180
days ,respectively. This show that the salts were moved
heyond 30 ocm from the emitier i.e. at the periphery of

the wetted s0il surface. The little decrease in the

walinity level was observed at the depths of 15, 30 and
4% cm.
4.4.1.2 Vertical movement of salts

The data aof vertical movements of salts with
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Table 4.20. Average EC values at different distances froam
dripper , soil depth and tiee periad in chilli

e - o . o e S o @ e Y e ot et o e e i e ——— -

P i e

No. of Soil Radial distance from Average
days depth, strip tape, EC, dS/m
after cn ca
transplanting A atet
Vi i 0 15 30 ’
Before 0 1.63 1.773 1.73% 1.630
transplanting
15 0.57 0.595 0.610 0.596
30 0.60 0.605 0.464% 0.620
43 0.68 0.63% 0.6863 0.656
30 0 0.36 2.040 3.480 2.3460
15 0.46 0.505 0.565 0.540
30 0.56 0.4135 0.480 0.428
45 0.59 0.765 0.435% 0.686
60 0 0.35 0.785 2.520 1.392
15 0.45 0.450 0.425 0.300
30 0.42 0.405 0.745 0.6648
45 0.75 0.815 1.000 0.882
20 0 0.32 0.905 1.205 0.908
15 0.37 0.4%% 0.515 0.462
30 0.43 0.510 0.460 0.474
43 0.47 0.393% 0.3460 0.532
150 0 0.26 0.350 0.352% 0.402
15 0.16 0.140 0.225 0.178
30 0.30 0.23% 0.270 0.262
45 0.50 0.273 0.315 0.336

e i i o s ey e i s o T i P o s Qs A o ki e
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respect to  time period are given in Table 4.20 and
depicted in Fig. 4.24. It was observed that after 30
days, average salt concentration was increased at the
s0il  surface because of movement of salts towards the
periphery of the wetted soil. However, the salts were
leached f-om 153 om depth and hence the salt
concentration was increased at 4% cm depth. After &0
days, the salt concentration at surface reduced which
has resulted in increase in salt concentration at 30 and
4% om depths. After 90 days the salt was reduced at all
the sepil depths and after 130 days, the average salt
concentration was reduced by 1.33, 0.42, 0.346 and

d8/m at 0, 15, Z0 and 4% cm soil depths, respectively.

4.4.2 Strip tape system

The isp-salinity lines of different levels
under strip tape are shown in Fig. 4.253., The iso-
salinity lines show that there was the distinct movement
of salts due to the maovement of water around strip tape
with the elapsed time. It was observed that the salts
waere concentrated at the periphery of the wetted soil on
the soil surface. It was also noticed from the Fig. 4.25
that the salts were leached below the depth of 453 om
considerably after 130 days from transplanting of
chilli. The efforts were made to simplify the data of
salinity in order to study the lateral and vertical

movements of the salts.

4.4.2.1 Lateral movement of salts
The data of lateral movement of salts are

givern in Table 4.21 and shown in Fig. 4.26. It is seen
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Table 4.21 Average EC values at different distances from
strip tape, soil depth and time period in chilli

- ————— —_ —

No. of Soil Radial distance from Average
days depth, strip tape, EC, dS/s
after cm o
transplanting === -
0 15 30
Before 0 1.446 1.585 1.635 1.580
transplaning
13 0.56 0.535 0.560 0.550
30 0.561 0.635 0.645 0.630
43 0.67 0.700 0.470 0.682
30 0 0.60 2.000 3.455 2.302
15 0.34 0.420 0.4630 0.488
30 0.41 0.645 0.970 0.728
45 0.51 0.640 0.900 0.726
60 0 0.460 1.775 3.275 2.140
15 0.36 0.475 0.500 0.462
30 0.48 0.630 0.550 0.548
45 0.55 0.750 0.590 0.646
90 0 0.58 1.4600 2.285 1.670
15 0.32 0.430 0.575 0.466
30 0.36 0.410 0.450 0.418
43 0.42 0.420 0.525 0.862
150 0 0.21 0.235 0.420 0.304
15 0.22 0.2%5 0.340 0.282
30 0.25 0.310 0.340 0.306
45 0.34 0.380 0.410 0.384
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from the figure that at the sopil surface, the salinity

of 1.46\ dS/m above strip tape was reduced to 0.60
(i.e. by 58.9 per cent), whereas at 1% and 30 ocm from
emitter it was increased by 26.18 and 111.31 per cent,
respectively during 30 days time period. It was also
noticed that the increased salinity &t J0 com  from
emitter at 20 days was reduced by 5.21, 33.86 and 87.84
perr cent after &0, 20 and 130 days, respectively. This
show that the salts were moved beyond 20 em from the
emitter i.e. at the periphery of the wetted soil
surface. At 19, 30 and 45 cm soil depths the salts
concentration was increased after 30 days at a radial
distance of 20 cm, which declined continuously after 60,

F0 and 150 days.

4.4.2.2 Vertical movement of salts

The data of vertical movements of salts with
respect to time period are given in Table 4.2 and
depicted in Fig. 4.27. 1t was observed that after 30
days, average salt concentration was increased at the
soil surface because of movements of salts towards the
periphery of the wetted soil. After 30 days period, the
galt concentration decreased at the soil depth of 15 om
but increased at surface of soil and J0 and 45 cm soil
depths. After &0, 20 and 150 days, salts were leached
below the 4% om. After 150 days, the salt concentration
was reduced by 1.28, 0.27, 0.32 and .30 d&8/m at O,

15,30 and 45 cm soil depths, respectively.
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Table 4.22. Average EC values observed for
different soil depths with time period
under aicrosprinkler systes in chilli

No. of days Soil Average
after depth, EC,
transplanting ' dS/m
Refore 0 1.540
transplanting
15 0.386
30 0.618
a5 0.677 -
30 0 0.343
15 0.482
30 0.548
45 0.678-~
60 0 0.310
15 0.448
30 0.536
45 0.687
90 0 0.283
15 0.399
30 0.526
45 ' 0.618
150 0 0.154
15 0.177
30 0.232

45 0.343

- ot ey s
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by & point souwrce and strip tape system where the

application of water was by line source.









5. SUMMARY AND CONCLUSIONS

S.1 Summary

Arn experiment entitled "Moisture and salinity
status wunder micro-irrigation systems in vertisols", was
undertaken during 1994-9% at the Instructional
Farm,Department of Irrigation and Drainage Engineering,

Faculty of Agricultural Engineering, Rahuri.

In the present investigation, three micro-
irrigation systems viz. dripper, strip tape and
microsprinkler were studied in respect of the hydraulic
performance, moisture distribution pattern and the salt
distribution. The data obtained was analysed by using
the standard methods wherever possible. The salinity
status in these micro-irrigation systems was studied

periodically in chilli crop.

5.1.1 Physical and chemical properties of soil

The soil of the experimental site was clay in
texture having sand, silt and clay percentage as 24.21,
25.68 and S0.11, respectively. The moisture content at
field capacity and permanent wilting point was 36.65
and 18.24 per cent, respectively indicating the
available moisture of 9.36 cm. The bulk density of soil
was 1.13 gm/coc. The soil was sodic in reaction having

pH, 8.50 and EC, 0.88 d5/m.
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5.1.2 System performance
5.1.2.1 Pressure—discharge relationship

It was observed that the emitter discharge
{Q)  increased with increase in the operating pressure

{H} of the system at all the lengths of lateral i.e. 25,

a0, 7

]

and 100 @m. The emitter discharge was also
decreased with increase in lateral length at all the "H
values., The correlations beltween pressure head in kgicmﬁ

and emitter discharge in lph for the lateral lengths of

28, 50, 75 and 100 m were developed in the following
farm

0 = adb cen( BuL )
where,

a and b are the constants,
As  the correlation coefficient (FE) of these equations
was found in between 0.91 to 0.98 , the correlation can

be adopted practically.

5.1.2.1.1 Dripper system
The emitter discharge decreased from 14.38 to
28.73% % when the lateral length was increased from 25 to

100 m  for the pressure of 0.5 to 1.75 kg/cmz. Thes

~3

~
average ‘0" at recommended pressure (1 kg/cm®™) was 3,89,

Z.b4,  F.446 and Z.20 1ph for the lateral lengths of 25,

80, 75 and 100 m, respectively.

5.1.2.1.2 Strip tape system
The decrease in the discharge per metre
length of the strip tape was found in the range of 9.48

to 11.37 per cent when the lateral length was increased
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]

from 2% to 100 m and the pressure was 0.9 to 1.5 kg/om®.
sy

The average "0 at recommended pressure i.e. 0,75 kg/om™
was S.73%, F.66, 3.52 and T.E29 Iph/m for  the lateral

lengths of 258, 530, 7% and 100 m, respectively.

5.1.2.1.3 Microsprinkler system

Az the length of lateral increased from 2% to
100 m, the decrease in the microsprinkler discharge was
roticed in the range 44.0%9 to 4%9.09 % when the pressure
was 1.0 to 2.25 kg/cmz. The average discharge at
recommended pressure was 32.70, 25,79, 21.45 and 17.31

1ph for the lateral lengths of 2%, 54, 78 and 100 m,

respectively.

5.1.2.2 Emission uniformity

The field and absolute emission uniformities
af the systems were determined for different lateral
lengths as well as for the operating pressures. The

field EU was on lower side as compared to absolute EU.

5.1.2.2.1 Dripper system

The EU of dripper system was found in  the
range of 8%2.4 to 92.8, 87.0 to ?2.1, 84.3 taoa 21.9 and
B83.1 to 1.8 %, respectively for 25, 30, 75 and 100 m

lengths of lateral.

5.1.2.2.2 Strip tape system

Both the EU values in strip tape system were
abserved in  the range of 94.7 to 927.8, ?25.4 to 927.2,
P3.46 to 97.8 and 2.9 to 96.6 Y, respectively for the
lengths of 2%, 50, 73 and 100 m. It was also noticed

that the EU values was not differed much due to change
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in  the operating pressure. As  the EU values are
excellent { » %0 ), more than 100 m lengths of strip

-
tape can be used at recommended pressure 075 kg/com®.

3.1.2.2.3 Microsprinkler system

The field and absolute EU values of the
microsprinkler system were in the range of 88.8 to 0.2,
86,0 to 89.546, 74.3 to BO.9 and 61.1 to 76.0 %4 for the

lateral lengths of 25, 50, 7% and 100 m, respectively.

It was noticed that lesser the lateral length, more the

EU.
5.1.2.3 Uniformity coefficient

The uniformity coefficient of microsprinkler
system was found in  the range 8B.05 to 96, 334

indicating that the application of water was excellent
as LIC exceeded 85 % (Michael, 1978). The UL was decreased

with the increase in the lateral length.

5.1.2.4 Lateral head loss
The data collected indicated that the per
cent head loss in lateral increased with increase in

pressure as well as the length of the lateral.

5.1.2.4.1 Dripper system

The head loss (H_ ) in lateral in drip system
was increased from 5.0 to 10.%, 12.0 to 17.1, 172.8B to
27.4 and E2.0 to 45.1 %, respectively for 25, 806, 75 and
1060 m lateral lengths when the pressure was increased

from 0.5 to 1.75 kg/cmg. The average H at recommended

2 " b d - D
pressure 1 ka/ocm™ was 6.5, 13.8%, 23.0 and 3I&6&.0 %,
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respectively for the lateral lengths of 25, 80, 73 and

100 m.

The maximum lateral length of 37 and 67 m at
1 kg/cm2 pressure could be used in the field considering

10 and 20 %L permissible head loss in the lateral.

5.1.2.4.2 Strip tape system

The lateral head loss in strip tape was
increased from 0.0 to 2.3, 2.8 to 4.7, 7.2 to 11.8% and
13.6 to 17.3 %4 for the lateral lengths of 25, 50, 75 and
100 m, respectively when the pressure was increased from
0.9 to 1.8 kg/cmg. The average H at 0.795 kg/cm2 was 1.3,
4.0, 8.3 and 14.7 % for the lateral lengths of 25, 350,
7% and 100 m, respectively. Considering 10 % head loss
in lateral, the maximum length of strip tape could be
used upto 82 m. The maximum length of strip tape more
than 100 m could be used considering 20 4 head loss in

the lateral.

5.1.2.4.3 Micrasprinkler system

The head loss was found increased from 8.0 to
28.0, 33.0 to 53.3, 59.0 to 72.9 and 77.0 to 84.8% %,
respectively for the lateral of 23, 50, 75 and 100 m
length when the pressure was increased from 1.0 to 2.286
kg/cmz. The average H at 1.350 kg/cm2 was 14.7, 40.7,
65.3 and 80.0 % for the lateral of 25, 50, 73 and 100 m,
respectively. In microsprinkler system, the maximum
lateral length of 30 m could be used at 1.5 kg/c:m2

pressure considering 20 % permissible H -
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5.1.3 Moisture distribution pattern

The moisture distribution in the so0il was
studied under different set of conditions of discharge
rate (Q), water volumes (V) and time interval (t) under
point source application (dripper system}), line source
application (strip tape system) and microsprinkler
system. The moisture distribution pattern was differead
to the greater extent due to different mode of water

application and as it is a function of 4, V and t.

5.1.3.1 Dripper system

The moisture pattern was studied for emitter
discharge 3, 4 and 3 lphj water volumes &, 10 and 15 lit
and time interval O, 24 and 48 hr. The maximum radial
spread was ranged from 12.2 to 23.3, 12.8 to 25.% and
14.% to 3I3.7 cm, respectively for 3, 4 and 3 1lph
discharge when the volume was increased from S5 to 10 1lit
of water in 48 hr. The maximum vertical advance was 39.5
to 858.0, 30.0 to 49.0 and 26.0 to 41.0 cm, respectively
for emitter discharge of 3, 4 and & 1ph when the volume

was increased from 5 to 13 lit of water in 48 hr.

It was also found that as the "Q° increased,
the maximum radial spread from emitter increased and
vertical advance decreased, at constant volume of water

and elapsed time.

The following correlation was developed
between emitter discharge (Q) in 1lph, volume of water(V)
in lit and maximum vertical advance (Va) in cm at @, 24

and 48 hr.



Va = A + BB + BolV + C07 + ColV + Ve cel( 5.2 )
in which,
Ay By BE! Cl to Cx are constants.

Similarly. the correlation between volume of water (V)
in lit, depth of soil (d) in cm and radial spread of
wetting fromt (Rs) in ocm was developed for O, 24 and 48
hr .

Rs = A’ + BiV + Bhd + CJv? + Chvd + C%d® + Dyv® + DLV<d
+ Davd® + Dyd” cev (BT )
in which,

A’,EB],B~,C] to C% and D} to Dj are constants.

9.1.3.2, Strip tape system

The moisture distribution pattern was studied
for the discharge of 2, % and 4 Iph/m; water volumes
Zy B and 10 lit for 2 1ph/m discharge and 5, 10 and 13
lit for 3 and 4 lph/m each; and time interval 0, 24 and

48 hr.

The maximum radial spread was 6.0 to 12.2,
10.% to 16.0 and 12.3 to 18.2 om for the discharge rates
of 2, 3 and 4 1ph/m, respectively for aforesaid
respective  volume of water 1in 48 hr. The maximum
vertical advance was 32,0 to 3I7.3, 26.0 to 3Z5.0 and 21.5
to 31.0 cm for discharge rates of 2, 3 and 4 lph/m,

respectively for aforesaid respective volumes of water

in 48 hr.

It was also found that as the 'R’ increased,
the mavimum radial spread from emitter increased and

vertical advance decreased, at constant volume of water
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and elapsed time.

The similar corvelations as that of dripper
system were also developed for the strip tape system in
determining the vertical advance and radial spread of

wetting front.

$.1.3.3 Microsprinkler system

The moisture distribution pattern was studied
for the emitter discharge 30, 35 and 40 1ph; water
volumes 40, 60 and 80 lit and time interval 0, 24 and 48
hr. The vertical advance was J30.6 to 43.1, 29.6 to 41.99
and 27.7% to 40.5% cm for the discharge rates of 30, 35
and 40 1lph discharge when the volume was increased from

40 tao 80 1it of water in 48 hr.

It was found that as the '@’ increased, the
vertical advance decreased, at constant volume of water

and elapsed time.

For wvertical advance of wetting front, the
similar correlation as that of vertical advance in

dripper system ( eq. 9.2 ) was developed.

9.1.4 Salt distribution studies

The distribution of salt under dripper, strip
tape and microsprinkler emitters was studied in c¢hill
crop at the time interval of one month. It was observed
that the salt distribution under these micro—irrigation
systems was differed considerably due to its different

mode of water application.



142

5.1.4.1 Dripper system

It was found that the salts were concentrated
at the periphery of wetted soil on the so0il surface.
This concentration of salts was increased by 112.1 %4 at
0 cm  from the emitter at 3I0th day. However, the
salinity at 30 om from dripper at soil surface was
reduced by 31.32, 67.28 and 83.73 L after 60, 20 and 150
days, respectively. After 150 days the average
concentration was reduced by 1.33%, 0,42, 0.36 and 0.32

ds/m at 0, 1%, 30 and 45 cm soil depths, respectively.

5.1.4.2 Strip tape system

It was found that the salts were concentrated
at the edge of wetted soil strip on the soil surface.
This concentration of salts was increased by 111.3 %4 at
20 cm from the strip tape at 30th day. Hoﬁever, the
salinity at 30 com form strip tape soil surface was
reduced by 18.0, 33.8 and 87.84 % after 60, 920 and
150 days, respectively. After 150 days, the average salt
concentration was reduced by 1.28, 0.27, 0,32 and 0.30

d8/m at O, 15, 30 and 45 cm so0i) depths, respectively.

5.1.4.3 Microsprinkler system

It was observed that the salts have leached
down to the greater extent below 4% cm over the periocd
of 150 days. After 130 days, the salinity was reduced by
0,3, &9.5, 62.9 and 30.0 %L at O, 1%, 30 and 4% cm s0oil

depths, respectively.
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Conclusions
The following conclusions could be drawn from
findings of the present study.
The discharge of emitter or per metre length of
lateral tubing increased with increase in  the
pressure  head at any length of lateral. The
variation in discharge was more in microsprinkler

and  minimum in strip tape system.

The emission uniformity (EU) of strip tape system
was hbetter as compared to dripper and
microsprinkler systems. The Eu decreased
considerably in microsprinkler and dripper system
due to  increase in the length of lateral as

compared to strip tape system.

The average uniformity coefficient (UCy af
microsprinkler was excellent (94.2 %) at 1.80 m =«
1.80 m spacing. The UL decreased with increase in

-

the lateral length.

The lateral head loss was maximum in microsprinkler
system and drip system as compared to strip tape

system.

The moisture distribution in these micro-irrigation
system was different considerably due to change in
the volume of water, discharge rate of emitter and

also with elapsed time after irrigation.

In case of drip and strip tape system, with the

increase in the discharge rate, the radial spread
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of moisture from emitter increased and the vertical
advance of moisture decreased in clay soil, at

the constant volume of water and elapsed time.

In case of microsprinkler system, the vertical
advance of wetting front reduced with the increase
in discharge rate of emitter in clay soil, at
constant volume of water and elapsed time atter

irrigation.

The salt distribution under different types of
emitters differed considerably due ta the
different mode of water application i.e. point

source, line source and sprinkle.

The salt was found concentrated at the periphery of
wetted soil in drip system and at the edge of
wetted strip of scoil in strip tape system, at

s0il surface.

The salts were found leached more effectively below

the roat zone of chilli { i.e.4% cocm ) in
microsprinkler system in 180 days. No salt
accumulation was noticed on the soil surface in

micrasprinkler systems.
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APPENDIX - I (A}
Data regarding discharge, in  lph, collected at different
aperating pressure for pressuwre—discharge study and emission
uniformity calculations in dripper system
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8r. Length Fressure Lateral Average discharges at different

Mo. of at No. quarters of lateral
lateral, manifold,

m KQ/ZCmE e e e e e e e e s
First Second Third Fourth
guarter guarter guarter qguarter

1. 2. N 4., 8. & 7. &,
1. 25 0. 50 1 3.870 T.612 T.396 Z.282
2 L 810 3.340 Z.3548 F.216

3 X740 Z.492 3.276 . 154

4 F.4H90 D432 Z.240 Z.018

0.75 1 4,058 x.756 Z.4636 3420
2 E.990 E.694 3.85%2 x.u7~

A F.960 2. 660 Z.928 TLEL2

4 FL.920 Z.876 T.468 Z.264

1.00 1 4. 2460 4,044 T.828 F.696
2 4,210 4,008 z.768 X.64d
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4 4,140 ELR00 R.672 3,540
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1.80 1 4. 740 4,536 R 4.164
2 4,680 4.644 4,284 4,092

A 4.632 4,404 .P&ﬁ 4,032
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1.00 1 4. 044 3.804 F.660 H.384
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4 4.104 x.888 H.&B72 3.4386

1 .50 1 4,52 4,296 4,006 F.4888
2 4.414 23 H.TPE Z.804
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i. 2 . 4. B & . 7. .

4 . 380 4.444 Z.960 Z.744
4,320 4,104 T.924 Z.708
4,648 4,444 4.7208 4,092
4.620 4,380 4,224 4,044
4,584 R, 4.176 R.972
4., 800 4,%232 4,080 T.935
3.420 EL120 2.820 2.58468
Z.480 L0072 2.724 2,820
f.:ﬁ Z.024 2.712 2,508
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EL 6D X.408 Z.156 F.024
.876 3.348 T.108 2.982
F.852 T.3276 T.096 2.880
x.492 E.240 Z.012 2.856
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I.900 TR0 I.264 .09
5. 780 E.600 .22 T.072
4,080 Z. 6L Z.480 T AR0
x.984 T.H40 ¢.é00 A )
4.044 X.744 3.516 L2864
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4,176 I.960 T.726b Z.014
4,140 3.840 2. A60 X454
4,212 Z.81é I.436 TLERA
4.440 4,200 4,008 x.948
4,392 4,140 2.960 x.688
4,368 4,092 T.912 3,81&
4,332 4,020 2.882 LTER2
L 0AD 2.868 2.640 .43

2.024 2.820 2.616 2.388
2.964 2.772 2.544 2540
2.880 2.712 2820 228G
F.31L2 Z.1E2 2.940 2.784
F.288 Z.060 2.880 2.700
T.R2R L0024 2.7946 2.E674
F. 192 2.976 2.760 2.542
3. 600 A, T.144 2,94u
I.8576 I.ETH z.084 . B80
Z.8464 Z.288 L0112 2.880
3. 540 T.228 2.988 2.820
. 884 . 660 T.468 2,420
Z.840 3,612 X.420 Z.1468
Z.792 Z.876 IZ.3EL R.096
ELTER T.882 ILEO0 L0732
4,080 Z.8156 3. 600 3.432
4,044 3.744 T.564 x.384
z.984 T.672 2.492 B3

2.936 LIS R Z.432 3276
4.¢08 4,092 z.808 3.720
4,260 4,020 Z.882 E.eT72
4,212 4,008 Z.804 AL h&60
4,164 T.936 LT3R X.612

4. 100 .80
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APPENDIX - I (B)
Data regarding discharge, in lph/m, collected at different
operating pressure for pressure-discharge study and emission
uniformity calculations in strip tape system

Sr. Length Fressure lLateral Average discharges at different
Mo. of at No . guarters of lateral
lateral, manifold,
i1} Pg/c:m:? Gwand 1001 w0404 Lanan S enen S o4O ke 30404 UhCos Soses Shean Snse $4014 dmses Soast bt Sebrs srare SHALL Se0ee dsaes S maek Samts S Sa478 bhse0 Sepon SmBLY bpers Somes S1bM

First Second Third Fowrth
gquarter qguarter guarter quarter

i. 2. R 4, S & 7. 8.

1. 28 0. 30 i 2.79% M.B77 2.940 2.835
2 2.835 L0 F.045 2.835

2 2.961 :.856 2.835 2.940

4 2.8%98 2.898 2.772 2,793

0.75 1 2.528 E.876 Z.8570 F.IE81

2 I.028 5,528 I.870 T.423

T.486 3.444 Z.486 3.486
3465 IR T.444 T. 4460
Z.801 I. 654 x.738 T.643
F.081 F.738 3.696 5.789
X.6946 F.780 3,694 3.822
3.948 T.T5Y9 3.717 F. a6
5.948 F.822 3.927 3.084
3927 3,906 I.927 H.8a64
F.927 3,906 F.842 3.780
3.864 3.885 .88%5 a6
Z.990 4,200 4,032 3,990
F.990 4.158 4.116 F.927
4,095 4.158 4,116 3.9%90
4.158 4,032 I.990 4.011
2,688 2.688 2.667 2.625
2.730 2,730 2.835 2.772
2.830 2.877 2.646 2.772
2.7351 2.793 a3 2,795
T EAD FLA23 T.E?é I.3460
T 463 3,318 X402 X80
. 402 T.444 3.465 Z.460
5.297 F.402 E.581 F.318
.78 F.717 F.789 3.73i8
. 549 3,528 I.696 S.ETE
HWT7E 3.780 FLETE Z.654
F.63E0 F.612 I.612 T.B91
T.654 F.801 5.885 3.864
F.H54 F.801 3.882 F.780
x.948 Z.4696 1.780 I.717
R 3.864 3.717 3.948
4.095 F.990 3.7389 F.9R7
E.84% 3.927 3.948 2,822
H.885 5.885 F.927 3.927
3.948 Z.8464 3.927 Z.864
22730 2.688 2.730 2. 562
2.623 2.604 Z2.625 2,688
2.730 2.478 2.820 2.499
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i. rin R 4, ., &, 7. a.
2.730 2.791 2.688 2.7E0
3,318 2255 T.213 3.297
Z.23 T.2855 2.1580 Z.171
I.234 I.276 3,360 L2768
Z.255% Z.318 T.297 Z.23
Z.654 3.870 ELE60D 3.528
Z.63E Z.870 2.423 TLEBTO
3.654 3.4618 x.444 T.b612
Z.EB2 2.486 Z.444 ELBT0
X789 Z.780 AZ.717 2,738
T.696 2.780 I.696 X.678
T.675 T.498 Z.696 Z.ATE
T.612 Z.4694 3.528 T.61F
3.780 Z.o85 Z.801 Z.B47
.82 z.822 . 78!’3 5.780
Z.759 z.780 2.738 z.780
717 3.780 3.69& 2.738
2.772 2.520 2.562 2. 820
644 2.6H88 2.478 2,415
2. 0 2.478 2.820 2,499
2.7 EG 246467 2.820 2,499
Z2.961 ZL.285 2.982 I.108
Z.180 Z.150 A.150 R.192
2.245 E.255 Z.255 Z.180
Z.1580 Z2.1580 Z.171 2.087
2.276 J.254 Ee B60D S,2E5
D402 32360 3 B60 *'. PGS
I.46% 2425 Z.46% 444
Z.381 L2558 2.318 Tnh7o
T.402 XL E60 3.254% Z.250
ZTCETO Z.528 3.444 T, 4465
Z.67H RLAHEE T.612 LLBTO
F.891 T.6E3 x.807 ELETO
2.73E8 IV 4] RLAEEE RPN
3.759 E.A7S .82 X.684
2,870 BLBT70 2.528 I3.549
Z. 4465 3.654 Z.4465 I B70
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AFPPENDIX - I (C}

Data regarding discharge, in 1phy collected at different
operating pressure  for pressure-—discharge study and emission

uniformity calculations in microsprinkler system

miens sotin sapen Setre shtee fhese et fwitn Snese suape SHee% ey SO Fpocs Smees mhews Mibes oSS ot ied mivs SHTMG Seeed (Pend St Aebes L44RS Guret Seeen mens Seavs Teess et St ihgad S0t Syet HES Gfbes SAECS Shiee wPais FOS0S Frth BAeel Uersa ShiRe Meimd Sette Mbete M Menmm neb b Besh Se808 baes HS et $Hbe SeLNA PAgER Se0Ls peieh ebes sasag See0y sesss Somts

Sr. lLength Fressure Lateral Average discharges at different
Mo, of at No . guarters of lateral
lateral, manifold,
m g /ame e e e e e e e

First Second Third Fourth
guatrter quarter guarter guarter

1. 2. . 4. S b 7. 8.

evont b Getns SO044 piret SStR Sotew orond $2546 b $reSR pearh Festa beses Sevee Seves SuWre areet eers Fmead Sekve SISk Svess FiRME se9ee PBRSH SAnid Shers $S4ES spaas $400y sroms SISt AL $Ore 20004 Sness 404 reni FiVen Sreve TOPRS e9nSh bectr “hess fasst SSIMS semed $069% sheme Sbvae Sieih $Hive Aavnt Sersh CHSSH megms LRSS semtn SStvm Seste Horen FireS vk NP sopen Mot smase Ste

1. 25 1.00 1 E2.94 F1.53 29.88 28.62
2 EF3.79 30,87 28.92 28.05
A F2.46 1,23 29.22 26 .60
4 E4q,32 2060 28.02 26.88
1.25 1 4,71 S2.1b I0.06 29 .64
2 5.2 32,79 30.69 28.74
A 4,35 21.71 29.61 29.13
4 25.76 FE.48 51.738 28.26
1 .50 i E26 .00 EE.07 S2.10 S30.42
2 EbW2T7 EILTE T0.F0 29.8%5
A Fh.61 62 .64 0,93 29.91
4 Z6.78 4 .41 F1.77 29.19
1.75 1 EbH.63E 1r.84 21.86 I1.38
2 3624 34.47 32.49 20.87
5 27 .63 IEL3E9 F1.41 054
4 ST .02 Z5.16 33.18 29.97
2.00 1 EH .90 A4, 80 F2.49 S1.93
2 E7.53 E5.173 B33.12 EZl.62
= 4,45 4,05 aM.U4 I0.96
4 8,22 E5.82 .81 E0 .87
2.25 1 A7 .26 ZG.01 Tﬁ.?? A22.55
2 27.89 Z5.64 B3 .60 21.98
] Z6.81 24,586 32.82 I1.62
4 zg8.548 A6 LEER 34,29 Fl.11
2 S0 1.00 1 25.92 2AR.76 22.11 20.58%
2 27.42 24,27 22.62 21.14
= 26.73 24.27 2316 22.14
4 26.82 25.11 2I.T70 20 .94
1.25 1 28.6% 24,90 24,13 22.80
2 27 6T 24,75 M~.4c N,
X 27.90 26,37 o 7 22.78
4 27.2 28.77 he.iﬁ 21 .64
1.580 1 29 .49 28,59 24,03 hq.76
2 28,50 27 .15 23.03 2E.07
A 28.83 26.40 24 .81 23.3
4 28.2 26,58 25.75 22.80
1.78 1 Z0.E0 27 .96 28,058 24 .93
2 29.34 27 .0F 24.81 24,81
i 29.73 24,81 24.61 23,67
4 29.10 26.58 258.92 24,046
2 .00 1 20,54 28.583 25,29 25.44
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29.354
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S0.30
0.54
E0.06
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2AR.70
24,78
25.485
253.80
26,80
25,29
27 .00
26 .46
25.74
25,35
26.25
26.79
27 .00
27 .90
27 .09
27 63
27 .87
28.74
27 .57
28.11
28.35
29 .22
18.90
21,00
19. Bﬂ

Wt w el

20, 8%
22480
20,40
21 .66
25.58
22,92
20,40
21.48
22.68

L It ~
e ...' = '~'

25,49
24. 158
2E.16
AE.b1
24,00
24,63

ey
Poatc I Y

.-:‘. 97

6.

27 .69
27 .81
27 .27
29.16
28.20
28.56
27 .63
19.8%
20.40
20.64
19.29
21 .30
22.580
22.35
20.85
235,858
23.25
22.83
22.580
24,18

e ey
-l-«—"u‘nS

e
ot Ll

24.78
23.94
22.2
25.68
24.72
258,20
259.65
25,80
24,860
16.50
18.15
17.55
18,7350
17.70
16.35
17.10
7 .40
17.40
19.95
18.60
19.35
20,25
18.90
17.70
17.63
20.85
19.50
18.30
20,28
18.75
20.85
19.65

22,05

7!

26.85
26.10
26.25
25.95
27.42
2h .64
26H .94
17,73
17.55
16.89
16.14
18.66
19.26
17.44
18.00
20.40
19.5%46
19.29
18.90
20.82
21.0¢
21.3%
17.98
21.153
20,70
22.71
22.14
21 .66
2E.04
.L--c:.. " 77
2133

14.16
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R AR A

“r ey
.«'u.ﬂ..—-

12.78
14.04
14.61
15,36
.80
16.35
15.60
14.70
19,30
17.61
7.01
15.96
14.74
16.41
18.064
17.46
15.21
18.00
16.645
17 .40
17.70

83

22.02

24.18
24.57
26.31
25,89
25,02
24.78
18,350
15.13
14.85
14,10
16.74
16,20
15.60
15.15
17.79
17 .46
16.86
16.14
18.5%4
8.2
17.61
16.89
19.02
19.632
17.76
18.36
20,73
19,53
19.26
18.87
12.00
11.8%
11.85
10,80
135,08
2,359
11.61
10.77
13,20
12.54
11.79
11.464
1%.98
1Z%2.468
2.99
12.51
14.8%
14.31
15.4%

135083

16.14
13,464
1%.00
14.28
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APPENDIX-II(A)

Depth of water collected at the head of lateral for
computation of uniformity coefficient in microsprinkler
irrigation system

Test No. Distance from 0 Z0 &HO PO 120 130 180
microsprinkler,
cm
i. O - b.éHE 613 6.54 6.34 .70 -
20 H.Bb6 7,73 7,47 T.01 7.80 7.535 6.24
HO L322 7.47 7,27 £.596 6,88 7.21 6.61
Q0 .18 T.E34 T.07 6,56 6£.82 7.07 §.837
120 6.83 7.89 7.21 6£.95 6.82 6.95 6.05
150 b76 7.79 T4 7014 7.01 721 6.71
180 - H.0F 5,856 6.82 6.55 6.79 -
2. 0 - 7.02 6.87 6.68 6.41 7,12 -
0 b.4LE 6,49 6,17 6.10 6.62 7.14 7,22
&0 6.8846 6,30 3,71 5.91 6.36 46.82 6.78
QO T.26 6,04 3.582 5.39 5.84 6.36 B.75
120 6.99 6.17 5.45 5.78 5.91 6.%6 &.14
150 6£.85 £.43 6,23 H.04 .49 T.01 T.56
180 - H.87 BLEE 6L.2F 6.93 T7.32 -
3. O - H.92 6£.09 &£.48 5,77 5.91 -
20 H.17 6.36 6,36 6.17 6H.69 T.01 4,32
6O 6£.73F 6,27 5.84 5.78 6£.88 6.17 &.18
Q0 5.84 5.91 9.71 5.684 5.65 5.97 .93
20 G.67 &.04 &.04 5,32 5.84 6.30 B.,46
150 H.01 .17 &4.10 2D HLAT L 6T 6.32

180 - 6.44 6,17 3.69 5.40 6£.48 -
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APPENDIX~II(B)

Depth of water collected at the middle of lateral for
computation of wuniformity ceoefficient in microsprinkler
irrigation system

berte st 8848 sasen biten $8038 20020 bmame S Sotae PS4 chbee $oAbS Sests pegte SOein Samas 0SSt MUK SAMR CHAG Bmaae YWSSS $0904 Seett Frbe P9840 AL rmses Mess Beate AU Sorin Sasen oo Beied SFS TERRD SOURL Shbbe (oPSS Feet Sveth Soetn Srale SHsd HOM st ass MALES SHAMA VARG SAVAY 1A iad sond (eres samey Seeee

Test NMo. Distance from Q 30 &HO Fa 120 150 180
microsprinkler,
cm

1. ] - 7.81 7.65 4£.4% H.30 b.12 -
0 .21 7.99 7.83 7.01 7.14 7,34 T.467
&0 6.58 7.79 7.21 6.469 H.8B2 7.07 7.40
PO 6.9 747 H.78 .56 .69 6.75 6£.04
120 b.bP 7.846 7.5 7.07 7.01 7.21 6.3
150 T.87 7.47 T.34 7.14 7.34 7.59 7.446
180 - 22 b.41 6,22 6.1 7.01 -

2. ] - 5.98 6.146 5.28 6.78 6.02 -
ED 6.892 H,97 5.91 5.84 5.65 5.58 &6£.03
&0 b.oll 5.84 5.465 5,52 2.31 5.25 5.92
Q0 5.88 5.453 4.48 4.41 4.74 4.87 &£.58
120 H.90 5,00 4.74 4.5%4 5,00 5.19 5.89
150 6.49 5.06 4,87 4.61 5,06 5.39 &£.44
180 - 6.87 6.09 H.74 5,52 6£.02 -

3. O - 6H.4% 5,40 5,21 6.67 6.91 -
30 6H.38 6£.88 6,506 .36 7.01 7.66 £.52
&HO 5.8%9 6£.49 H.47 6.17 7.07 7.34 3.71
QO .35 6.30 H.04 3.91 6.69 7.14 H.78
120 6£.97 6.82 .93 6.86 7.21 7.8% b.14
150 6.3% 7014 H.88 6.69 7.34 7.86 .96

180 - .63 .94 5.57 6.91 7.24

ntme oo taane bieas sress Sevsn S41e4 Soges srees Sevee Sepes MAES Senke SHOML SOAVS Rebe e prete BV Siown CPOSL Sims et eve SJORS $004m JAPRS S Brens $S4RS So0sd Seeie femes e Lathe LHHNR $0085 Seorm PHedt Shors St L4 Fesa Feteh sfer RS bvemk Jombe Seiee ears s Mbbet Keses FHHLY BASAE Seb04 seoee speit suvia seone
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APPENDIX-II(C)

Depth of water collected at the tail of lateral for
computation of uwuniformity coefficient in microsprinkler
irrigation system

comme e ot et esd S300% R4844 bvies oo srbme Bekea S Soah Semes e WAt Mabne NSt W44P SOMLS Seue ponss Soems 4IRS Mhoet PHINS SIS fURRY SLrbe beast Soris sesky eSS SR F44S4 ShAm SeMAR Sopms Fosst bessd Frabh mive bebsm Shere SIS Lt SYAbe MALh Spede S40ke SHews Biies bk WS S Serst eumsd eies Soteg mebse

Test No. Distance from O IO 60D S0 120 150 180
microsprinkler,
om
1. 0 - 5.84 5.75% 5.04 5.26 5.33 ~—
0 5.81 7.14 6.95 6.17 &6£.36 6.75 5.33
&0 5.27 6.82 6.56 5.84 6.04 &.5%6 B.77
0 .51 &4.34 6.23 5.71 5.91 6.43 5.20
120 5,08 7.01 .82 6.49 7.07 7.21 5,53
150 S.06 7.47 7.34 7.14 7.34 7.59 5.94
180 ' - 5.14 5.41 S5.26 5.65 5.31 -
2 0 - 7.33 7.18 6£.07 5.73 7.05%  ~
30 7.48 6.04 5.5%2 5.31 5,91 6.30 6.69
&0 7.16 5,31 5.39 4,93 5,31 5.465 6,58
90 5.88 5.25 5.06 4.35 5.19 5.31 5.86
120 6.18 5.78 5.84 4.80 5,45 5.71 5.31
150 7.12 6.47 6.10 5,45 5.65 5.84 6.50
180 - 7.31 6.15 5,08 6£.92 7.42 -~
T 0 - 7.8% 6,15 6£.76 5.98 7.32 -~
=0 25 5,58 4.80 4.461 4.87 5.31 &.61
b0 &.19 S5.00 4.48 4.35 4,93 5.00 6£.40
0 7.91 4.54 4.15% 3.96 4.41 4.87 H.57
120 6.96 4.80 4.28 4.41 4.93 5.19 6.70
1850 7.67 5.19 4.61 4.74 4.87 5.45 7.12
180 ~- 5.94 5,31 5.95 &.61 7.35% -
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