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ABSTRACT

Evaluation of soil water plant and atomspheric parameters in relation to
furrow , sprinkler and drip irrigation methods for tomato (Lycopersicon
esculentum , Mill) in'mceptisols.

By

J.R. Kadam
Candidate for the Degree of
Doctor of Philosophy

1890.
Research Guide : Dr. S.5. Magar
Department  : Agricultural Chemistry and Soil
Science.

A field experiment was conducted at Mahatma Phule Agricultural
University, Ralmri on clay,(BD 1.21 g 01;3 , ASM 125 mmm in effective root
zone of 60 om,F.C. 34.7 per cent, PWP 18.5 per cent) medium black soil
(weptisol) with an object to evaluate the SPAC relationship and use the
sald information for scheduling irrigation. The pertinent properties of
black soil related to soll water and its dynamics and soil temperature as
well as determination of canopy environment such as CATD and SDD and LWP
were the major components. Evaluation of periodical dry matter accumal-
ation estimation of crop response to variable water quantities, time and
depth of irrigation, the yield and yleld contributing parameters were
correlated with each other.

The soil moisture content in four layers were monitored
before each irrigation under furrow and sprinkler. However, it was

monitored at 30 days interval under drip system.The available soil moisture



xiii

had gone below MAD under IF and IS treatments.The wetting front under
drip irrigation was more g;ro'oless sél(r)z(i)—elliptical in shape with maximm
diameter of 57 cm. The unsaturated hydraulic conductivity and soil water
diffusivity exhibited exponental relationship with volumetric water
content. Number of irrigations under furrow and sprinkler irrigation
treatments was 8,6 and 4 for 50, 75 and 100 mm CPE respectively and 120,
60 and 40 in case of ID , ID and ID treatments respectively under drip
irrigation. ' 2 ’

The total pan evaporation was 401 and 461 mm during the crop
growth period for the years 1988-89 and 1989-890 respectively. The maximum

CU of 395 mm was recorded under IF  treatments. It was followed by

50
375 and 355 mm under IF and IF treatments respectively.
‘ 5 100
It was 285 , 270 and 265 o wnder IS , IS and IS in case of sprinkler
50 75 100

irrigation treatments respectively. The consumptive use in case of drip
was 1556 mm. The CU values were 2.5 and 2.0 times more in furrow and
sprinkler irrigation treatments respectively compared to drip.The water
use efficiency values were highest (29.0 and 29.4 Kg/ha-mm) in case of
drip irrigation. The saving of water under drip irrigation was 58.1 and
44.6 per cent compared to furrow and sprinkler irrigation methods
mséectively.

The CATD difference was very large in case of drip
irrigation ranging from -3.1 to -4.c5) C. Similar trends were observed
with SDD values. Leaf water potential values decreased to -1.57 and ~-1.54
M Pa under IF and IS respectively. The Leaf water potential values
decreased withlgge advelzgcorermt of plant growth. The yield contributing

parameters were higher under drip irrigation than furrow



xxiv
and sprinkler irrigations. Amongst the different treatments the highest
yield of 43.3 t/ha was obtained under drip irrigation when water was

applied on alternate day.

7-44)






1. INTRODUCTION



1. INTRODUCTION

Water loss from the plant foliage depends entirely on
atmospheric conditions whereas water absorption by roots depend on soil
water content and its potential. An understanding of the relationship
between plant water and the dynamics of water in the Soil Atmosphere-
Continnm (SPAC) is important in improving water use efficiency of
crops. In order to predict leaf water status, it is necessary to have
information simltaneously on both the so0il water potential and
atmospheric conditions. The water potential of plant foliage is the 1link
between the soil-water-reservoir of high potential and the atmospheric
sink with low potential. The interaction of growing plant with the
imposed environment is complex and leaf water potential is influenced by
the number of soil and environmental factors, such as air and soil
temperatures, soil water availability, etc. Relating plant stress
development to different variables of prevailing soil and atmospheric
environment, help in deciding scheduling of irrigations based on plant
water stress criteria.

Leaf temperature gives an indirect measurement of how well
plants are growing and the effect of root (soil) temperatures on leaf
temperature. Infrared thermometry (IR) is a reliable technique for
the determination of plant temperature whic_:h has long been recognised as
an indicator of water stress. Temperature depression for the given
conditions is mostly proportional to the transpiration rate.

It 1is also an established fact that +the continued
transpiration results in soil water depletion which results in a decrease

in transpirstion rate and an increase in canopy temperature. Accurate



monitoring of the differences between leaf (or canopy) temperature and
air temperature (A T) has been used to indicate plant water stress.
If AT is related specifically to a change in plant water potential, it
may be used by an indicator of plant water status. Similarly canopy
temperature (Tc) data need to be correlated with the soil moisture status
to ascertain the suitability of remotely sensed canopy temperature data
for irrigation scheduling and yield prediction. Hand-held IR thermometry
is an application of remote sensing technology, that is potentially
useful in irrigation scheduling and yield prediction of water deficit-
stressed crops. The canopy and air temperature difference (CATD) and
stress degree days (SDD) are canopy temperature based stress indices
available for this purpose. The assumption that crop Tc is a measure of
plant water stress, is largely based on qualitative observations. Since
plant water potential has gained wide acceptance as a fundamental measure
of plant water status, it is of interest to compare such measurements
with Tc data. |

Water is one of the most important inputs for the assured
production of crops. In view of the limited supplies of good quality
water and increasing cost of water resource development and exploitation,
there is now a growing realisation for efficient use of irrigation water.
The predominent soil water properties such as hydraulic conductivity,
soil water diffusivity, soil water flux, soil water distribution,
moisture retention characteristics, are needed to be considered before
taking final decision for when, how mach and how to irrigate crops on a

particular day through the efficient methods of water application.



Amongst them, border and ridges and furrows methods are
commonly used by the irrigators. Efficient water application in furrow
irrigation 1is dependemt on the rate of advancement, infiltration
characteristics of the soil, hydraulic resistance offered by the so0il
surface rouglness, vegetable retardance and the longitudinal slope of
the furrows. Sprinkler irrigation is a system which serves the purpose of
uniform application of water in the form of a thin spray and water can be
applied with a oc_mt.mlled rate thus ensuring high efficiency.

Amongst the sophisticated methods of irrigations, the drip
irrigation method has proved its superiority over other irrigation
methods due +to direct application of water into the vicinity of root
zone. In this method, water is applied at a low rate, over a long period,
and at freguent intervals. The surface runoff, conveyance and deep
percolation are eliminated to the maximum extent resulting into saving of
water. However, the initial cost of drip and sprinkler irrigation
equipments is the major limitation for their large scale adoption.

The main object of this investigation was to evaluate the
parameters related to SPAC and to make use of +this information in
scheduling of irrigations to tomato crop. The scheduling of irrigations
on climatological approaches has certain limitations. The soil and
evaporative demand are the main considerations, whereas plant is not
accepted as an indicator. In the present investigation tomato was
selected as a test crop due to its pecularity of moisture stress
sensitivity and quick response to recovery. The important objectives of

the present investigation are given below :



Objectives :

i) BEvaluation of pertinent properties of black soil related to
soil water, its dynamics, and so0il temperature in relation
to different soil moisture regimes,

ii) Determination of canopy environment such as canopy and air
temperature differences (Tc-Ta) and stress degree days (SDD)
iii) Evaluation of the periodical dry matter accumilation and
leaf area index,
iv) Estimation of crop response to variable water quantities,
time and depth of water application,

v) To study the yield and yield contributing parameters under

different irrigation methods and
vi)To correlate the crop response in terms of yield, and other
parameters and attempt to develop different equations.
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2. REVIEW OF LITERATURE

This chapter deals with soil water properties, plant
parameters, environmental conditions, plant response as by remote
sensing, estimation of consumptive use either directly or by emperical
formulae and yield response to variable soil moisture regimes created by
different irrigation methods. Scheduling of irrigations to crops is
decided by plant water deficit and evapotranspiration rate. Both factors
can be either measured accurately or predicted within acceptable limits
by emperical formalae. However, remote sensing techniques such as IR
or leaf temperature are of important. Concepts of SDD can be excellent
substitute for traditional criteria for irrigation. The crop response in
the forms of bio-metric and yields created by different irrigation
methods was reviewed for investigating above SPAC parameters.

Voluminous literature is available on SPAC, crop growth
parameters,crop canopy temperatures,leaf water potential relationship and
related aspects of evapotranspiration, consumptive use and water use
efficiency, etc. It is rather a difficult task to include all available
literature on these aspect. It is grouped into the following headings.

2.1 Soil-water-parameters,

2.2 Plant paramsters and atmospheric effects,

2.3 Plant response to soil water and environment,

2.4 Remote sensing techmique,



2.5 HNater mnogment techniques,
2.6 Crop response.

2.1 Soil Water faremeters
2.1.1 BSoll plant atmosphere continwm (8PAC)

The current approasch to the field water cycle is based on
recognition that the field and its component such as soil, plant and
atmosphere components are taken together to form a physically unified and
dynamic system (Cowan, 18965) in which various processes occur inter-
dependently. This unified system has been called the °“SPAC” (Philip,

1966).
The flow of water from soil through plants to the atmosphere

takas place in response to water damand as imposed on plants by
atmospheric evaporativity. The segments of SPAC to be considered for
water movemant are tha soil, soil-roots interface and atmosphere. The
movement of water within the so0il is mediated by hydraulic gradient
gemerated by non uniform distribution of soil water resulting mainly from
evapotranspirational loss of water. Water flows to roots because of the
sink that develops at tha root surface as mediated by hydraulic gradient.
@'I’he movamant. of watar to roots has been approached on a macroscopic or
root system basis (Molz, 1971) on a microscopic or single root basis
(Gardner, 1960). Resistance to water flow at soil-root interface first
quantified hy Gardner (1964) depands upon the hydranlic conductivity
near the root surface and root distribution function expressed on weight
basis (Nimah and Hamks, 1973). The movement of water through xylem
vessels is often thought to be conforming tolkPoiseuille’s law of

capillary flow. Water move from plant to atmosphere mainly through



stomata which are very sensitive to root and shoot environments
(Hillel, 1980). |
2.1.2 Soil water flovw paremeters

Scil moisture 1is measured on the basis of soll matric
potential and potential gradient under unsaturated condition. It 1is,
therefore, necessary to account for several factors related to soil
moisture parameters such as hydramlic conductivity (KB)), and soil water
diffusivity Db} (Stone et al., 1973).

2.1.2.1 Hydreulic conductivity

Basically Darcy s law has been used to describe water flow in
an unsaturated soil (Gardner, 1966). The hydraulic conductivity of soil
as a function of soil moisture content through porous media is influenced
by the washing out of electrolytes and consequent modification of
colloidal properties (Fireman, 1944), untrapped air (Allison, 1847), type
of structure (0'Neal, 1949), temperature variation (Haridasan and Jensen,
1972), +transport of the clay fractions and growth of micro-organisms
(Gerard, 1974), surface soil physical conditions (Singh and Verma, 1975),
antecedent soil moisture suction (DhanPal and Varade, 19768) and textural
class of the soil. Roger and Klute (1971) showed that the hydraulic
conductivity was a single valued function of water content exhibiting no
hysteresis. Stone et al.(1973) calculated water flux Vz (cm/day ) at a
selected depth z (cm) and was given by :

Vz = fo (do/dt) z, where dO is the volumetric water content of soil
jz (cx?) a?)andtisthetim (days).
Tripathi and Ghildyal (1975) observed that the calculated

conductivites agreed closely with the measured values in tensiometer



range, while at higher suctions, the pore size distribution methods
underestimate the hydranlic conductivity of clay loam soil of Pantnagar.
DhadPal and Varade (1976) found that at higher suction, the capillary
conductivity of clay loam soil was greater than that of sandy loam and
loamy soils. |

Magar et al. (1979) reported that unsaturated hydraulic
conductivity (K@) exhibited an exponential relationship with
hydraulic conductivity content in black clay soil of Parbhani. At 1low
suction, ¥P) values increased with depth progressively which were
consistent with the fact that unsaturated hydraulic conductivity in black
cotton soll (Vertisols) with 58.5 per cent montmorillonite clay, varied
in the order of 10~§o —1% cm/sec when moisture omtént decreased from 0.70
to 0.30 anscm—:(suagar et al.1980). Gupta et al. (1981) stated that the
pore size distribution model could be used to predict unsaturated
hydraulic conductivity of vertisols. Patil (1982) showed that the
unsaturated hydranlic conductivity of medium black soil exhibited an

exponential relationship with volumetric water content (Ov). Maximam

-4 -2
values of K of 6.0 x 10 ecm/day to 1 x 10 cm/day were estimated as soil
3 -3 3 -3

water content changed from 0.19 cm om to 0.46 cm cm respectively, in
the surface layer. Similar observation were reported by Sarkar et. §_L
(1984) and Patil (1986). Singh et.. al. (1988).
< - 2.1.2.2 801l water diffusivity
Childs and Collis-George (1948) first introduced the
concentration-dependent diffusivity equation describing isothermal liquid
flow 1in porous media when ©Ov was a single valued function.



The diffusivity is based on water distribution as a function
of time at fixed position in a horizontal infiltration system (Whisher et
al., 1968). This method of estimating DO was used by Magar and Kar
(1981) and showed that the magnitude of DO value ranged from 2.16 x 10—20
9.56 x 1(;5 cti/sec when moisture content decreased from 0.30 to 0.10 em3
c:m—3 Bhatnagar (1973) stated that the diffusivity values increased with
incresse in moisture gradually in the initial stage. The diffusivity
values increased but at higher moisture contents, the increase was very
rapid.

Tripathi and Ghildyal (1976) found that soil water diffusivity
variations ranged from 1002 to 1898 cm?day . However, the differences
were not large from just below saturation to field capacity. The change
in soil water diffusivity was very rapid near saturation and below 0.3
bar. Dhar?al and Varade (1976) reported that the moisture diffusivity was
higher in sandy soil followed by Raipur red soil and Kharagpur sandy clay
loam soil. Patil (1982) observed that the soil water diffusivity DO also
exhibited the exponential relationship with volumetric water content of
medium black soil (Vertisol). Similar observations were reported by
Bharsmbe et al. (1983, 1984) and Singh et al. (1985).

2.1.3 Dynnics of soil water transport

The process of ligquid flow through porous media was first
explained mathematically by Marshall (1954). Smiles and Rosenthal (1968)
described the movement of water in swelling materials from the Darcy’s
law which indicated the relative flow of fluid to comparatively immobile
particles of clay. Letey (1968) explained the movement of water through

soil as influenced by osmotic pressure and temperature gradients by
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describing steady state water flow through soil in response to hydraulic
pressure or suction in unsaturated soil. Stone et al. (1978) concluded
that little water moved through 150 to 180 om layer during the study.
Water movement took place in 150 to 180 om layer and was predominantly
upward. A slight water content change and slight water movement in silt
loam soil in 150-180 cm layer indicated little root activity in this
zone. Rose (1979) showed that in clay soll, between 5.8 to 4.2 pF water
moves predominently as vapour in a non-swelling silicate mineral. There
was a significent liquid movement between 5.1 and 4.2 pf.

Kaul (1979) studied the movement of soil moisture from a point
source in sandy loam scil of the research farm of IARI, New Delhi. He
reported that the soll moisture in the wetted zone, extended to about 15
cm in length snd 20 cm in diameter. Similar observations were also
reported in case of tomato by Kataria (1982). Rama Devi (1980) reported
that the moisture profile in the sandy losm soil of the reserach farm,
IARI, New Delhi, closely approximated a semi-elliptical shape. Similar
observations in deep black s0il were also observed by Phadtare (1985) and
Dhamal and Ghadge (1986).

2.1.4 Soil water bBalance

It is difference between the amount of water added (W in ) and
the amount of water withdrawn(W cut) during a certain period and is equal
to the changs in water content W during the same period. The root 2zone
watar balance is expressed in integral formas : AS +AV = (P+I+0) -
(R+E+DHT) where, A S is change in root zone soil moisture storage, AV is
increment of water incorporated in the plants, P is precipitation, I is

irrigation, U is upward capillary flow into the root zone, R is rumoff, D
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is downward drainsge out of the root zone, E is direct evaporation from
the soil surface, and T is 1:ranspiration by plants. All quantities are
expressed in terms of volume of water per unit area (equivalent depth
units) during the period considered (Hillel,1980; Acharya et al. 1984;
Khera and Sandhn, 1888).

2.1.5 Soil water modelling

Soil water models were prepared by several research workers
mostly on the aspects of infiltration (Brandt et al. 1972), water balance
and SPAC (Hillel 1980). However, soil water modelling in respect of
surface irrigation and drip irrigation methods are of immense importance.
Brandt et al. (1972) analysed mumerically the infiltration from the drip
source with the assumption that the water entry zone is sa1.:urabed. The
width of saturated zone of loamy soil was approximately 220 to 580 mm for
two discharges of 1.8 and 5.9 L/m/h, respectively. The time necessary to
reach the maximum wetted area on the surface was of the order of 3 hours

‘for the lowest discharge rate to nearly one day for the highest rate.
Leonel Rolland (1972) found that the moisture spreads fairly widely at
the surface but there was little infiltration downwards for low rates of
flow in clay loam soil.

Warrick (1974) observed that the soil moisture decreased with
distance from the source and the response was slower at a distance away
from source. Rawlins and Reats (1975) worked out the wetted volume of a
soil as a hemisphere. The radius of wetted hemisphere is 3 r =3 q t/2
(gf—Qiyswhere r = radius in m, @ = volumetric rate of application in

m/h, t = application time in hour, f = final volumetric water content in,

0i = initial volumetric water content. The shallow rootad and widely



12
!pacedrow crops, higher water application rates and for deep rooted and
clo;eiy spaced row crops, lower rates should be used, Similar
observations in tomato were reported by Kataria (1982).

Kanl (1979) found that the solil moisture in the wetting zone
was identified to expand about 15 cm depth and 30 cm diameter. Lavin and
Bravedo (1979) reported that the soil moisture distribution covered a
wider area when trees were irrigated twice a week with 8 lph tricklers.

Rema Devi et al. (1980) concluded that the vertical advances
of soil moisture front vs elapsed time resulting from drip irrigation
with saline water at point source could be described by the exponential
relationship upto salinity level of 10 mmhos/cm. Khepar et al. (1983)
revealed‘t.hat the vertical component of wetting zone increased with rate
of water application in light textured soil, wetted volume of soil was

acreased with increased amount of water applied, wetting front moved +to

E;at.er radial distance with the increased amount of water and in

| plally moist soil wetting front extended both in radial and vertical
“tions under drip irrigation.

Phadtare (1985) found that the radial spread was more for

r discharge rate (12 L/hr ). Third order regressions were developed

kradial spread at different depths below point source for various
§r discharges. Magar and Sonawane (1987) observed that application
t.ar at the rate of 2.5 lit/day/plant in vertisol resulted in the
ward movement of water to the depth of 18, 45 and 65 cm on 1st, 5th
7th day, respectively. It was observed that there was no much
forence in case of vertical and horizontal water movement excect that
rcal movement was slightly higher than the horizontal one in deep
[ S soils (Vertisol).
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2.2 Plant parsmeters and atmospheric effects
2.2.1 Soil water and leaf water potential

Ehlig and Gardner (1964) observed simultaneous decrease in
leaf water potential as soil water potential decreased after irrigation.
Yang and Jong (1971) found a positive gradient of leaf water potential
from soil to the top of the leaf and from base to top of the leaf.
Richard et al. (1972) reported that the relative leaf water content
decreased with increasing leaf temperature. Downey (1972) found a
decrease in relative water content of maize by a decrease in soil water
potential. Elfving et al.(1972) showed that in dry soil, leaf water
potential became more negative than predicted, at the same flux of water
under non-limiting conditions. Clark and Hiller (1973) compared soyabeen
leaf water potential to deficit and found that leaf water potential was
most responsive. Water stress induces an increase in leaf temperature
above air temperature.

Fisher (1973) concluded that during soil drying cycle, the
difference in potential between plant top and bulk soil varied between -8
to -20 bar. Plant water potential was always lower presumably because
water uptake lagged continously behind water loss, indicating a large
resistance to water transport in the soil plant system. A lower critical
value of leaf water potential of -8 to -12 bars for stomatal closure of
§oybean in controlled environment was observed by Neuman et al. (1974),
whereas for the same crop, the value obtained was -15 to ~17 bars , and
an increase in the diurnal amplitude of leaf water potential for maize,
potato, soybean and groundmat, with a decrease in soil water content and

with the age of the plant (Turner et al 1978). Turner (1975) reportad
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that the values for leaf water potential of well watered and dry soil
were -1.2 to -2.5 and -6 to 6.8 bars, respectively, which decreased in
the afternoon to -8 to -13 bar and -15 bars for wet and dry soils,
respectively.

Reicosky et al. (1975) observed that for maize, the minimum
leaf water potential (LWP) occurred during the peak radiation load or
stress,and it was dependent on soil matric potential and stage of plant
development. Before tasselling, the minimum, IWP of -12 bar and -15 bar
occured in irrigated and \mirrigated plots, respectively. At this time,
the soil wabér potential at 15 cm depth was 0.08 bar for irrigated plots
and 0.60 bar for unirrigated plots. Similar observations were reported by
Bharambe and Varade (1982); Singh et al. (1984). Sharma et al. (1986)
Nagarajarac and Mallick (1982) showed that during early stages of wheat
growth, differences in leaf water potential were more or less same for
the irrigated and non-irrigated sites after 80 days of sowing of the
differences were conspicuously higher for unirrigated site than for
irrigated conditions. Similar relations were reported for maize, potato,
soybean and grounmdnut with a decrease in soil moisture content and with
the age of the plant. The LWP and transpiration decreased with depletion
of soil water Nagarajarao and Mallick (1979 and 1989) Naveen et al.
(1984) and Ramana, (1989).

2.2.2. Boil temperature and leaf water potential

Cameron (1941) reported that in orange trees, decreasing soil
temperature fmn90t040°F resulted in a marked decrease in the rate
of water loas, and that the leaf water deficits were higher at low soil
temperatures. Similar observations in alfalfa were obtained by Ehrler
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(1963). Tew et al. (1963) mentioned that soil temperature had a
significant influence on sunflower leaf temperature. Cox and Boersma
(1967) observed that a slight increase in leaf temperature was noted with
increase in soil ténperam, but the greatest increase occured when the
soil temperature exceeded the ambient temperature of 23.90C. Kirkham
and  Ahring (1978) found that leaf temperature in wheat was lower than
the alr temperature at all soil temperatures studied. Leaf water
potential was the highest at 24.70C and lowest at 32.100 root.
temperature.
2.2.3 Atmospheric factor and leaf water potential

The diurmal variations in plant, water status were closely
related to radiation load or water stress (Klecper, 1968). Cary and
Wright (1971) explained that daily changes in plant water potential
varied from less than -5 bars to more than -20 bars in case of maize and
wheat, and concluded that plant water potential was strongly influenced
by microclimatic conditions near canopy. Miller (1971) found that leaf
water potential and leaf temperature of spring barley were influenced by
s0il moisture content and day types. Mayer et al. (1980) observed that
wheat plants with well developed root systems extracted 80 per cent of
the available water at or near potential evapotranspiration rates.

2.2.4 BRffect of socil and aerial temperatures on crop growth

Tew et al. (1963) reported that sunflower crop grown in soil
held at a sqil temperature of 1000 had only 60 per cent as much as leaf
aé.,it,'he-, plarits grown at . 25 and 40 C, though they had approximately
the sé’me area at the beginning. Abdelhafeez et al. (1971) stated that

o
growth was reduced in tomato at soil and air temperatures below 17 C  and
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o
20 C respectively. Water use was increased at higher soil temperatures.

The results of Patars et al.(1971) showed that high night temperatures

reduced soybean yield by about 10 per cent as compared to crops grown at
cool night temperatures. High night temperature might have produced
atmospherically induced water stress. Barr and Pellet (1972) found that
soil temperature resulting in greater root growth of some woody plants
was generally, lower than the soil temperature resulting in greatest top
growth. Similarly, increased soil temperature was resulted in greater
water use.

Koldrep (1975) grew spring wheat cultivars in moist and dry
soils at 12, 15, 18, 21 and 2400 and observed that with increasing soil
temperature, grain and straw yield decreased. Pirasteh and Welsh (1980)
evaluated all cultivars of wheat headed more rapidly at  Thigher
temperatures (2100 day/lZ.?oC night). The rate of moisture use by wheat
was more rapid at 27/1200 (day/night) temperatures, but the amount used

o
was not different from that of at 22/12 C (Campbell et al. 1981). Mangat

(1982) found a more pronoumced increase in both fresh and dry weights

of Phaseolus wvulgaris L. plants, grown in the temperature regime of
0 o
15 C air and 28 C soil temperatures, than those grown under temperature

regimes of same air and soil temperatures. Similar observations have been
reported by various research workers (Kataria, 1982; Singh and Kumar,
1989).

2.5 Flant response to seil water and enviremment
2.3.1 Plant water deficit .
The physically unified system of soil-plant-atmosphere
continum requires the ratio of root uptake of soil moisture and the
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transpirational rate of the crop canopy. The plant water deficit is
signalled through decrease in leaf water potential, increase in
resistance to water flow and increase in leaf/canopy temperature. Hsiao
(1973) identified various levels of stress in terms of relative water
content (RWC). A drop in RWC by 8-10 per cent is indicative of severe
stress. This criterion mnmight not be mach useful in aged and highly
stressed plant leaves (Clark and Hiller, 1973).

It is often suggested that leaf water potential provides a
better basis than RWC for comparing the degree of plant water deficit
(Clark and Hiller, 1973). Leaf temperature is another important index of
plant water deficit. Wiegand and Namken (1966) reported that a decrease
in RWC from 83 to 59 per cent resulted in increase of 3.6 to 3.2C 1leaf
temperature and leaf minus air temperatures, respectively. Jackson (1982)
fomd that the canopy temperature was more than 1000 below air
temperature +to quantify the relationship between canopy air temperature
difference, and plant water stress (Wanjura et al., 1984).

On the basis of canopy temperature of plant, few indicators
were developed to characterise the plant water deficits. They are stress
day developed by Idso et al. (1981), temperature stress degree days
by Clawson and Blad (1982) and crop water stress index developed by
Jackson et al., (1981). Among these, SDD indicative of canopy air
temperature difference at postnoon is the most commonly used index. Apart
from sensing water stress, the cumilative SDD has been used to predict
vield of soybean (Idso et al. 1980). Solar radiation from crop canopy has
been related to plant parameters such as leaf area index chlorophyll
content, biomass production and grain yield (Wiegand et al., 1979,
Ramana, 1989).
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2.3.2 Vater requirement

2.3.2.1 Bvapotranspiration

Estimation of evapotranspiration was done on the basis of
aerodynamic (Penman, 1948) and mean monthly temperatures and day light
. hours (Thornthwaite,1954 and Blaney and Criddle, 1950).Thormthwaite (1954)
assumed that an exponential relationship existed between mean monthly
temperature and mean monthly consumptive use. Penman (1948) proposed an
equation for evaporation from open water surface based on the combination
of energy balance and sink strength. Blaney and Criddle (1950) observed
that the amount of water used by crops during their growing seasons was
closely related to mean monthly temperature and day light hours.

Doorenbos and Pruitt (1975) proposed a modified Penman method
for estimating fairly accurately the reference crop ET. The wvarious
parameters in the Penman equations are varied to determine their
influence on the calculated evaporation and recharge amounts. Evaporation
estimates are sensitive to albedo radiation, constants and wet bulb
temperature (Howard and Lioyd, 1979). The influence of soil moisture
content on evaporation from a 6 cm grass covered lysimeter and from USWB
class A pan evaporimeter was assess during summer. A sensitive analysis
was applied to a modified Penman evapotranspiration equation to assess
the errors associated with each of the parameters. Error estimates were
utilized to assess the use of ET equation for irrigation scheduling
(Trimmer and Weiss, 1979).

Hashemi and Habbian (1979) concluded that Thornthwaite method
underestimates ET under arid conditions. Blaney-Criddle method, though
developed in arid areas, has an insufficient semsitivity to the inter
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anmal variation of the evaporative demand of the atmosphere. The
reference evapotranspiration (ETo) from grass was about 90 per cent of
the value calculated by Penman’s method. The Penman's contribution
equation 1is the most authentic method to comute reference
evapotranspiration of any crop, provided all the requisite meteorological
data are available. Therefore, to simplify calculation, specially for
computing sSeason or an yearly basis, a simple computer programme in
FORTRAN Language has been developed by Surya Nath (1980). Ramana (1988)
estimated an evapotranspiration in mastard and wheat crops using CATD
technique.

2.3.2.2. Reference evapotranspiration, ETo

Many methods, such as the Penman, Jensen-Haise, Hargreaves,
Blaney-Criddle, pan evaporation, etc. are available to estimate the
potential evapotranspiration of reference crops. Hargreaves and Samani
(1985) tested an equation to estimate the ETo of cool season grass, and
found that the results were comparable with world-wide lysimeter data,
and the values estimated using more complex equations. The equation
needs minimum climatological data, and is yet general enocugh, does not
require calibration for variation in climatic conditins. For these
reasons, the method was incorporated to the ET simlation. Hargreaves-
Somani ‘s equation for the monthly average of the daily
evapotranspiration of cool season grass,in mm per/day, can be written as:
ETp = 0.0023 x Ra x (IC + 17.8) x ™D vhere TC and 10 are respectively
the average of, and the difference between the mean monthly maximum and
minimum daily temperatures in degrees celsius; and Ra is the monthly
average value of the daily extra-terrestrial radiation, expressed in
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equivalent evaporation, in mm per day. The ETp values, in mm per day, for
each month were based on the input values of monthly average of daily
maximm and minimm temperatures, in degrees celsius, and latitude of the
location under consideration. Chhabda et al. (1986) reported that
Hargreaves method to estimate ETo in irrigated areas of Maharashtra can
suitably be used. The Hargreaves method is simple to compute reference
crop ET than modified Penman as it require only temperature data.

2.3.2.3 Crop oceffioients, Ko

The values of the crop coefficients depend on the reference
crop selected. Since the Hargreaves-Samani equation is based on grass as
a reference crop, only the grass-based crop coefficients should be wused.
Doorenbos and Pruitt (1975) presented grass-based crop coefficients for
many crops for different hmidity and wind conditions. The growing season
is divided into four or more stages : the initial stage consists of
germination and early growth, when crop ground cover is less than 10
per cent; the crop development stage continues, until the effective crop
cover reaches 70 to 80 per cent; the mid-season stage continues on to the
beginning of maturation; and the late season stage ends at harvest. The
duration of each stage varies with the local conditions. Doorenbos and
Phitt (1975) indicated typical lengths of these stages for various crops,
and their averages can be used, where local information is not available.
Burman et al.(1983) presented a procedure to develop crop coefficients
taking rainfall and irrigation into account. Kc is assumed constant for
all the days of the first stage, but for subsequent stages, the values
are interpolated between given end points.
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2.4 Remote sensing technique
2.4.1 Crop streas measurements by infrared thermometry
Tanner (1963) was one of the first to use infrared thermometry
to detect moisture stress. Canopy air temperature difference (Tc - Ta)
were proposed by Wiegand and Namken (1966) to be indicative of water
stress. Carlson et al. (1972) showed that (Tc - Ta) values were

negatively correlated with relative leaf water content. Ehrler (1973)
suggested that leaf air temperature difference could be used to schedule

irrigations. He found that the temperature differences ranged from —SOC

to + ; C with the lower values occurring at high soil moisture values.

Jackson et al. (1977) concluded that mid afternocon canopy temperature
measurements as compared to air temperature were indicative of water
stress. Consequently, they introduced the stress degree day (SDD) was
related to 65 percent water extraction from the topmost meter of the
soil. Ehrler et al. (1978) showed that for wheat the SDD index was
related to leaf water potential. Gardner et al. (1981) concluded that a
standard deviation of O.SOC was indicative of maize plants experiencing
water stress. Hatfield (1981) found that grain sorghum exhibited a linear
relationship between leaf water potential and the SDD, with the canopy
becoming warmer than air as the leaf water potential fall below -11 bars.
This relationship has also been shown by Idso et al. (1981). Clawson and
Blad (1982) suggested a difference greater that 0.7°C would indicate the
need for irrigation in maize. Similar observations were reported by
Tripathi et al. (1985), ‘0" Toole and Real (1986) and Throssell et al.

(1987).
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2.4.2 Concyy temperature and leaf water potential

Measurements of plant water potentials and canopy temperatures
for wheat, revealed that as stress increased (decrease in LWP) the canopy
air temperature difference (CATD) increased (Ehrler et al., 1978). They
concluded that Tc measurement time at 14.00 hrs was the best time of the
day to assess the water stress of wheat. The CATD reached a maximum of
about 500 and increased only slightly with further decrease in plant
water potential. Gardner et al.(1981) compared the difference in LWP
between stressed and non-stressed sorghum and the canopy temperature
difference between the two plots. They found that the LWP difference
increased with an increase in the temperature difference to a
maximum at about 4OC, and then subsequently decreased. Novero et al.
(1965) found IWP to be closely related to solar radiation flux density
and decreases with decrease in irrigation water applied. The maximm
difference in the Tc and LWP between stressed and well watered plots
occurred at peak solar radiation. Similar observation in was report.ed by

Tripathi et al. (1985) and in chickpea by Ramana,(1989).
8:4.5 Cancpy temperature ahd stress degres days

The increase in canopy temperature was used as an indicator of
plant water stress and temperature differences between unstress and
stmssedplantslavebeenmportedtoberangingfmltoZOCuptDSto
70 for ’many crops (Ehrler, 1973). The use of canopy temperature as method
for scheduling of irrigations was accepted by many researchers (Clawson
and Blad,_ 1982 ; Saha et al., 1986; Ramana, 1989).This concept was also
applied to red kidney beans by Walker and Hatfield (1979). They found
that final yield was inversely related to the SDD and concluded that the

SDD was a valid representation of the effect of moisture stress on yield.
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Gardner et al. (1981) described an index called the
temperature stress day (TSD) which is the difference in temperature
between a stressed and well watered plots of sorghum. Irrigations
followed when the average of all canopy temperatures measured in the
stressed plot during a particular time period were 10°C warmer than the
average canopy temperature of the well watered plot. Clawson and Blad

(1982) tested the deviation of mid-day canopy temperatures for usefulness
as an irrigation scheduling tool. They found a standard deviation of
O.BOin fully irrigated plots of maize, non-irrigated plots, the
standard deviation was as great as 4.200. With the 8DD,plants were
considered stressed if the value was positive and not stressed if
negative.The critical CTV value to be used as a signal to irrigate may be
influenced by the degree of variability of soil inherent within a field
(Jackson, 1982).Bonano and Mack (1983) used the SDD method successfully
scheduling of irrigations to snap beans. Saha et al. (1986) observed that
the SDD values for irrigated chickpea were lower than those of
unirrigated crop. Similar observations were reported in chickpea by
Ramana (1989).
2.5 Rater menagement technique
2.5.1 Surface irrigation - Furrow

In surface irrigation, the soil is saturated and void space is
totally occupied by water. It creates temporary air stress condition for
plant growth till soil attains field capacity. Similarly, before
irrigation, available soil moisture allowable deficit (MAD) level results
into water stress condition. This cycle of saturation (air stress) +to

drying (moisture stress) is in existence in both surface and sprinkler
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irrigation methods (Sivansppsn et al., 1987). Naturally behaviours of
soil-plant—atmosphere-omtimmm (SPAC) will be entirely different when it
will be compared with drip irrigation where soil molsture air continnum
is maintained at desired optimm level (Magar et al., 1984). The results
indicated that borders of 100 m length and 2.25 m width with 2 1lps /m
stream size cut-off at 90 per cent of length, with 0.3 per cent slope was
suitable for sorghum which obtained sorghum yield from 30 to 40 q/ha
(Magar et al.,1984b). In clay loam soll with 0.15 per cent slope, borders
of 80. x 3 mare recommanded with 2 lps/m stream and cut off 90 per
cemt.. Borders with same dimensions but having 0.15 per cent slope should
be irrigated with stream of 3.5 Lps/m width for higher irrigation
efficiency The results showed that the furrows of 100 x 0.75 m size and
0.20 par cant slopa with 2 Lps stream size and cut off at 80 per cent
gave the highast irrigation efficiency as compared to other combinations.
In clay loam soil, 80 x 0.75 m furrow with 0.15 per cent slope was found
to ba efficient with 2 Lps stream. The grain yield of maize was 52.3 q /
ha with WUE of 13.33 kg / ha - om. Whan furrows were irrigated
altamataly with 2 Lps stream size on 0.30 per cent slope,the WUE was
14.45 kg ha - cm with grain yield of 28.8 kg / ha. (Magar et al. ,1984b).
2.5.2 Sprinkler irrigation

The sprinkler irrigation method is accomplished with the
saving of irrigation water and consequently increase in the yield due +to
optimum-soil-water relationship. The efficiency of sprinkler irrigation
in terms of water used was found to be 54 per cent greater than surface
irrigation method. The sprinkler irrigation compared with flood
irrigation for alfalfa. The yield was increased to the extent of 20
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per cent along with significant saving in the quantity of irrigation
water. Experiments conducted at Water Management Project, Mahatma Phule
Agricult.ural. University, Rahuri, on kharif chilli and groundmat of 1984
showed that sprinkler method saved 28 and 26 per cents of irrigation
water with increased in yield to the extent of 31 and 33 per cents
respectively when compared with traditional method of ridges and furrow
(Magar et al.,1984b). Gupte and Deshpande (1984) indicated that the water
saving was 28.5 per cent in case of sprinkler irrigation and obtained the
yield of 86.4 and 95.9 q / ha for border and sprinkler irrigation
respectively. Similar observation were reported by Gosavi and Deshmukh
(1985) Lagad and Borude (1987), Jain and Pandule, (1987) and Bembalkar
and Supekar, (1988).
2.5.3 Drip irrigation

Drip irrigation system is efficient from the water management
proint of view specially for frequency (Karmeli and Keller, 1975),
uniformity (Nakayama and Bucks, 1986), saline water and daily water
requirement ( Karmarkar , 1985 ). Experiments on water saving and
increase in yield were of enormous on several types of soils ,crops, and
climatic conditions. The experiment on tomato crop using drip irrigation
showed that there was 50 per cent water saving and significant increase
in yield (Bammer, 1971). Another major contribution for drip irrigation
for tomato was recorded by Sivanappan et al. (1987). An equal volume of
water, the yield of tomatoes under drip irrigation doubled as compared to
furrow irrigation in sandy loam soils. Crop yield and fruit quality wem
substantially improved by increasing the water application.Sivanappan and
Padama Kumari (1980) reported that there is a saving in water to the
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extent of 80 per cent along with increase in yield by 55 per cent when
compared with traditional ridges and furrows method. However, enormous
water saving and increase in the yield were not observed at Rahuri which
was restricted respectively to 52 to 30 per cent (Msne ef. al. (1987).
Similar type of results were obtained by Londe and Kalbhande (1980),
Kataria (1982), Bafana, (1988), Magar, et al. (1989),

Singh and Kumar, (1989). Sing, et al (1989), and Jadhav (1989).
2.8 Crop Response
2.6.1 Boot develogment

Water deficiency stimulates root growth, because of greater
translocation of carbohydrates to the roots. Deep and extensive root
system gets in contact with a large volume of soil for root extraction of
water (Hurd, 1968), but it would also increase in axial resistance +to
water transport from the points of absorption in the deep soil layer
(Mayer and Ritchie, 1980). Gemerally, the plants experiencing soil water
stress in early growth phase did not get an opportunity to develop a deep
root system (Ritchie et al., 1972).

Bhatia et al. (1977) reported decrease in rooting depth with
decreasing amount of available soil water. They found that the rooting
depths of wheat were 60 and 90 cm with plant available water of 7.5 and
20 om, respectively in loamy soils. Aooordj.na to Farman et al. (1983),
the depth of irrigation did not effect total root production but deeply
irrigated plants produced slightly more roots in the lower depths than
shallow-rooted plants. They observed much greater root:shoot ratio in
non-irrigated than in irrigated plants. Hegde and Srinivas (1989)
reported that irrigation at -25 to -85 KPa soil moisture potential had no
significant effect on root dry weight of tomato.
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2.6.2 Growth, quality and other characters of tomato
Flocker et al. (1961) reported that highest irrigation rate
reduced the total amount of solids per acre. The total solids on medium
irrigation regime was at par with dry irrigation regime. Increased amount
of irrigation delayed the maturity. Vittum and Flocker (1967) reported
that frequent irrigations at the time of fruit expansion had an adverse

effect on T.S.S. Aljibury and May (1970) found that the soluble solid
content in tomato fruit was lowest due to the effect of frequent

irrigation scheduling. However, Kimiridzi et al. (1972) reported that the
frequent irrigations 'reduoed the sugar content.

Ali and El Raggal (1982) observed that irrigating of the tomato
plants at 70 per cent of field capacity resulted in better quality
tomatoes as compared to fruits from plants irrigated at 50 per cent of
field capacity. Vanadia et al.(1982) indicated that fmit size of tomato
increased with irrigation rate at an interval of 5-9 days. Koning and
Hurd (1983) observed that the stressed plants had smaller and fewer
leaves and thinner stems. The leaves, and stem also had higher percentage
of dry matter.Kosh-Kmi and Azarakhsh (1983) observed that the soluble
solids were higher in plants receiving the irrigation at 14 days
interval. Alvino et al. (1986) observed that 30 cm of irrigation depth
gave the highest yield of good quality fruits t«;@e and Srinivas (1989)
reported that irrigation at -2 to -85 KPa soil matric potentials had no
significant effect on plant height and branches/plant. However fmiting
and dry matter production of tomato were significantly influenced by
irrigation regimes. Total soluble solids was less with frequent
irrigation and increased with irrigation. Acidity was maximum with
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irrigation at -25 KPa. Similar observations were reported by Bafana
(1988) Chaudhary (1988), and Naphade (1989).
2.6.3 Yield of tomato

Many production functions have been used to model the effect
of a water deficit on crop yield. These have been summarized by Stewart
et al.(1974), - and Stegman et al. (1983). The
relationships are mostly empirical, and may be linear or curvilinear
(concave or convex) depending upon the parameter used to measure water
deficit, the measurement accuracy, and site conditions. The most commonly
used parameters are evopotranspiration or field water supply. Variation
in yield due to non-uniform application of irrigation water over the
field was accounted for by variations, and agronomic practices were
lumped by Keller (1987) in to a parameter called “agronomic input level”.
The uniformity factor, UF, is an input value for the irrigation system
used for the crop. The actual crop yield at a given level of agronomic
input is calculated as : Y = Ya x AGINPL where, Yis. the actual crop
yvield per hectare, obtained under the agronomic input level defined bty
the input parameter AGINPL. The parameter is unity for a high level of
agronomic input.

Dunkel (1966) observed that higher yield of tomato was
obtained when sufficient moisture was available in the upper 20 cm so0il
layer and if moisture level dropped below 50 per cent field capacity,
yvield depressions occured even if higher moisture content is present at
greater depth.Bernstein and Francois (1878) recorded 30 per cent increase
in yleld in addition to saving of water due to drip irrigation, when
compared to furrow or sprinkler irrigations and this was mainly due to
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small controlled amounts of irrigation water and frequemt intervals to
the root system. Due to the continous wetted zone in drip method, young
plants thrived well over furrow and sprinkler irrigation methods. In the
other two methods, the loss of turgor was occasionally observed which
limited the growth.

Karmarkar ( 1985 ) observed that there was 30 per
cent increase in the yield of tomato with subsequent decrease in water
requirement to the extent of 60 per cent.Bar-Yosef (1977) conducted
experiments on fine sandy loam soil and receiving various daily rates of
water through trickle irrigation system and observed the highest tomato
fruit yield. About 110 t/ha of tomato fruit yield was obtained when daily
average water content in the soil root volume was about 50 per cent . He
estimated daily water consumption by the plants which varied between 0.4
and 1 liter per plant per day depending on the leaf area of plants and
climatic conditions. Dose et al. (1980) observed that the water
requirement for tomato in loamy sand soil was only 16 cm compared to 34.5
cm and 37.4 ha-cm in furrow and sprinkler, respectively. Vasilev and
Usunov (1880) showed that 21.45' per cent less water is required to
irrigate tomato crop when irrigated with drip than furrow method.

Channappa (1979) reportad 27.8 per cent higher yield and 49.5
per cent saving of water over surface irrigation method when tomato was
irrigated with drip. Miller et al. (1971) indicated that very small
differences in total tomato yields were observed from drip irrigation but
they obsreved that drip enhanced fruit meturity. Benardo et al. (1961)
sw that application of 3-6 mm/day or every alternate day irrigation
gave the higest fruit yield of tomato 57.8 t/ha ) and in addition the
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fruit size was found to be increased. Similar results were reported by
Kawade and Deokar (1988), Bafana (1988), Singh and Kumar (1989). Hegde
and Srinivas (1989) reported that highest yield (68.7 fon/ha) of
marketable tomato fruits (cv. Arka Sourabha) was obtained with irrigation

at -65 KPa of soil matric potential.
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3. MATERIAL AND METHODS

The research work was conducted at the Experimental Farm of
the Department of Irrigation an; Drainage FEngineering, College of
Agricultural Engineering, Mahatma Phule Agricultural University, Rahuri,
during Rabi season of 1988 and 1989. The material and methods used in
this iﬁvestigation are described in detail. The chapter is grouped into
ten broad topics as indicated below :

3.1 Soils
3.1.1. Location description

The experiments were conducted at the farm of Department of
Irrigation and Drainage Engineering, CAE, MPAU, Rahuri. The University is
situated in between 19 - 47 and 19 - 57 North latitude and between
74 - 89'and 74 - 19 East longitude.

S0il used in the said investigation are categcrised under
Sawargaon soil series and order fneptisols. Further, these soils are also
classified as shallow ( < 25 cm depth), medium ( 25-60 cm depth ) and
deep black soils (60 -100 cm or > 100 cm depth ). The medium deep so0il
was used in the said experiment Locally, it is also termed as black
cotton soils in Deccan Plateau. The Locations of Indian Agricultural
Research Institute (IARI), New Delhi and Mahatma Phule Agricultural
University Rahuri; are shown in Fig 3.1

3.1.2 Genesis and classification of black cotton soil

The black soils are characterised by dark reddish brown to

black colour, high montmorillonitic clay content, low organic matter

content, high coefficient of expansion and shrinkage and deep cracking
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during dry season. The soil is formed from basaltic material originating
through volcanic eruption ( Srinivasan et al., 1969). The rocks are
compact, very hard, greyish in colour and subjected to weathering under
the intluence of seasonal functions in temperature.

As per the seventh approximation , the black soils in Deccan
Plateau are classified under the order "Vertisols °, and are grouped
under sub-order “Usterts . Purther, the black cotton soils are placed
under the great group of “chromasterts” as the most chromas are more than
1.5 (Srinivasan, et al,1969).The extent of black soils (. - ":) in
India is shown in Fig. 3.1.

3.1.3 Profile characteristics of sawargaon series

Sawargaon series consists of moderately deep to deep (40-70
cm) dark greyish brown to very dark brown, imperfectly drained, since
loamy soil overlying substrata layer is 15-20 cm thick with moderately
developed blocky structure. The description of Sawargaon series is given
in Table 3.1.

3.1.4 Climate

The area comes under semi and sub-tropical type of climate
with an average rainfall of 520 mm, mostly concentrated during the monsoon
months from July to September.The number of rainy days vary from b4 to 83
per annum. The tract is the rain shadow area lying on the eastern side of
western ghats. The area comes under drought prone conditions. The anmmal
minimum temperature ranges from 8.5 to Zb.tSOL} and the maximum temperature
from 25.2 to 41.600 in the months of December and May, respectively. The

anmal mean relative humidity ranges from 4.3 to 82 pet cent

respectively.
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Fig.3-1. Map cf India showing locations
- and geogrophical positions.
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= 3.1 The description of prefile Whowisens of sawasgach seFies;

Pescription

AP 0 - 15 o

B 15 - 30 om

B ca

C ca

30 - 80 cm

60 - 90 cm

Dark greyish browm (10 YR 4/2) silty
clay, very dark greyish brown (10 YR 3/2)
whenn moist  medium moderate sub-angalar
blocky : dry hard, moist firm, wet sticky
and plastic few fine linme nodule, strong
effervescence (7.5% lime) wmany fine roots,
moderately alkaline

Dk browm (10 YR 3/3 ) clay , dark brownm
(10 YR 2/20) when 1woist mediom strong
angular blocky dry hard , moist firm , wet
sticky and plastic ; few medium soft lime
nodules ; few coarse light grey (10 YR 7/1)
mottling ; strong effervescence (8 per cent
lime ) moderately alkaline (pH 8.1 ); many
root diffuse and smooth boundary (16 to 20
cm thick)

Very dark brown (10 yr 2/2 M) silty clay dark
brovn (10 YR 3/3 when dry rmwedium woderate
subangular blocky, dry hard, mwoist firm , wet
sticky & plastic few Yo many medium line
nodales, strong effervescence (17% lime); few
course greyish mottels, few gravels , few
medium roots, moderatly alkaline ( 8.4 pH );
diffuse and smooth boundry 20-30 cm (thick)

Light brownish grey (10 YR 6/2 M ) and
yvellowish brovm (10 YR §5/8) silty clay lo=w;
medivm  weak subangular blocky, dry slightly
hard ,moist firm, wet sticky and plastic ;many
soft line nodules and disseminzted powderylime
deposition in pockets,many mwedium and coarse
gravels coated with lime; vollet effervescence
(25% lime); moderatly alkaline ( 8.5 pH).
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National Buarezn of Soil Survey and land use plarming, Nagpuar

survey report, 1974.
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The climatological parameters doring the period of
investigation for the years 1988-89 and 1989-90 recorded at the
Meteorological Centre, Central Campus, Rahuri, are depicted in Fig. 3.2
and 3.3 ,respectively.

3.2 Experimental details

Pertinent physico-chemical properties were determined by
foliowing standard methods.The details of each property, and standard
method used with its references are reported in Table 3.2 . Some
important physical and chemical properties of experimental plots were
determined and data are reported in Table 3.2 and 3.4 respectively. The
particle size distribution of the experimental plot was plotted on
semilog paper and depicted in Fig. 3.4. The soil is catgsorised under
clay  texture of soils.

The quality of irrigation water is also an essential parameter
and the water analysis in respect of pH , EC, cations and anions was
carried out and data are presented in Table 3.5. The water was
classified under C S class which is considered to be good for irrigation
parpose. H

3.2.1 Treatments

The treatment details with abbreviations and description are
given in Table 3.6.

3.2.2 Experimental layout

The experiment was planned with nine treatments with sample
plot techniques. The treatments were replicated seven times and out of
seven replications three were selected randomly which were uniform in all
condition and analysed with completely Randomised Design. This gives 27

plots. The gross plot size wazs 3680 mx 3.0m and the net plot was
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Table 3.2 Methods used for detarmination of physical snd chempisal
properties of experimental soil.

S0il moisture Gravimetric method Klute et al. (1986)
Particle size International Klute et al. (1986)
distribuation ripette nmethod
Balk density Core szgpler Bla kesnd Hartage (1988)
Infiltration rate Double ring Klute et. al.
infiltrometer (14986)
Hydranlic Constant head Klute et al. (1986)
condnctivity
Soil moisture Pressure plate ~ Richard (1965)
characteristics apparatus
curve
Liquid and plastic Atterburg Black et al. (1965)
limits

B) Chemical Properties

hol; Potentiometric Jackson (1973)
EC Conductometric chk:son (1973)
Organic carbon Walk 1% and Black Jackson (1973)

method
Available N Alkaline permangnate Subbiah and Asija (1956)
Available P 0.5 N NaHCO3 Jackson (1973)

(pH 8.5)
Available K 1 N NH OAC Jackson (1973)

4

Carium carbonate Rapid titratiocn Piper (1966)
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Table - 3.3 Pertinent physical properties of the experimental soil.

Sr. Physical

No. properties —————-————-—m——m e e

0-15 15-30 30-45 45-60 0-15 15-30 30-45 45-60

i) Particle size
distribution

Sand, per cent
Silt, per cent
Clay, per cent

ii) ‘'l'extural class
iii) Partical density

-3
g cm

2

-3

iv) Bulk density, g cm

v) Infiltration rate

urn/hr

vii) Field capacity,
per cent

3

viii) Permanent wilting

point per cent

ix) Lower plastic limit,

per cent

x) Liquid limit,
per cent

xi) BSoil moisture
retention at (wt
- MPa
0

-)

0.03

0.5
1.0

1.5

1988-89 1989-80

18.1 18.2 14.5 13.8 19.2 18.4 17.b 17.0
22.0 26.3 28.( 27.0 23.4 26.7 27.2 26.2
56.4 54.2 52.8 58.0 54.2 53.1 5l.2 bb.0
———————— Clay -———-Clay --—-—-——-
———————— 2.65-——————-- A e

1.20 1.241.27Y 1.30 1.181.211.29 1.32

———————— T 5 | S —
——————— K B Y S ——
——————— I T 1- T e —
—————— S S ——
—————— I T S B S
56.1 bb.3 b4.4 53.1 - - - -
34.3 34.7 33.2 33.1 - - - -
30.2 29.3 28.7 28.3 - - - -
z4.5 24.1 23.5 23.1 - - - -
18.9 18.0 17.7 17.3 - - - -
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Table 3.4 Pertinent chemicsl properties of the experimemtal seil.

Sr. Chemical Seil depth layers (cm)
No. properties = = 6@ —om e

1988-89 1989-3D

i) Soil pH (1:2.5 s0il 7.90 7.95 7.90 7.85 7.90 8.00 8.0 7.95
water suspension) at
o
25 C
-1 o
ii) ECdS mat 25 C 0.34 0.39 0.42 0.43 0.38 0.36 0.43 0.45

iii)Organic carbon, 0.54 0.52 0.48 0.47 0.52 0.50 0.47 0.46
prer cent

iv) Calcium carbonate, 8.3 9.3 10.4 11.5 6.2 7.4 9.2 9.0
per cent

v) Available N,Kg/ha 132 127 123 120 1562 135 140 138
vi)Available P,Kg/ha 12.3 11.3 10.4 10.2 14.2 12.3 11.2 10.4
vii)Available K,Kg/ha 470 485 491 510 480 492 495 480
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Table 3.5 Quality of irrigation water used for the experimsntal plot.

1988-89  1989-90

i) o Dimensionless  8.00 8.05
ii) Electrical conductivity d S/m 0. 28 0. 30
iii) Calcium me/L 1.84 1.93
iv) Magnesium we/L 1.27 1.22
v) Sodium e/L 2.43 2.48
vi) Carbonate me/L . Traces Traces
vii) Bicarbonate e /L . 2.34 2.38
viii) Chloride 1e/L 1.27 1.31
ix) Sulphate me/L ' 1. 57 1.682
x) SAR Dimensionless 1.96 1.98
"~ Irrigation water uality class  CS§ cs
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Tsble 3.6 Description of furrow,  aprinkler and drip irrigstion
treatments of the field experiment.

IF
75

IF
100

IS
50

15
(=

IS
100

Furrow irrigation schediled at
50 mm CPE

FParrow irrigation scheduled at
75 mn CPE

Furrow irrigation scheduled at
100 wn CPE

Sprinkler irrigation scheduled
at 50 mm CPE

Sprinkler irrigation scheduled
at 75 mn CPE

Sprinkler irrigation schednled
at 100 mm CPE

Daily water application through
drip system ’

Alternate day water
applcation through drip system

Three days water application
through drip system

Depth of irrigation to be
be decided every time at
50 mm CFE.

Depth of irrigation to be
be decided every time at
75 mn CPE.

Depth of irrigation to
be decided every time at
100 mmn CPE.

Depth of irrigation to be
decided every time at 50 mm
CPE.

Depth of irrigation to be
decided every time at 75
mu CPE.

Depth of irrigation to be
decided every time at
100 mm CPE.

Quantity of water is to be
decided on the basis of
pan evaporation.

uantity of water is to be
decided on the basis of
pan evaporation.

uantity of water is to be
decided on the basis of
pan evaporation.
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3.0 m x 2.40 m. The paired row planting geometry was prefered with a
spacing of 60-45 x 75 c:mzfor minimising the cost of drip irrigation
installation. The buffer strip of 1.5 m was kept between the treatments.
Irrigation layout of gidges and furrows was adopted with a spacing of 60
cm x 60 cm as per rec:orm»endaﬁion for pusa early dwarf variety.

The experiﬁental layout showing the distribution of different
irrigation treatments with water conveyace pipe system is shown in Fig.
3.5. The water measuring devices of drig,furrows and ridges ( V notch)
and sprinkler are shown in the same figure systematically.

3.2.3 Land preparation

Land preparation operations consisting of ploughing, Cﬁﬁd
crushing and harrowing were done before the transplanting of seedlings.
The details of preparatory and secondary tillage operations and
cultivation schedule are reported elsewhere.

3.2.4 Planning of irrigation treatments

3.2.4.1 Purrow irrigation

The ridges and furrows were of 60 cm height with a distance of
60 com between two furrows were prepared with the help of tractor drawn
ridger. The land slope ﬁas to the extent of 0.3 per cent. The design
discharge was maintained to the extent of 2 1 /sec/metre width of furrow
as proposed by Magar et al. (1984). The total length of furrow was
decided as per replications. Sufficient care was taken to maintain the
ridges and furrows during the period of investigation.

The water measuring devices of V' notch and syphon tubes for
measuring irrigation water under furrow irrigation are depicted in Plate-1

(o]
and 2.The calibration of 90 V notch was done and is reported in Table 3.7
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Table 3.7 Discharge through a 90 V-notch, Litres per second ( Michael,

1986)
Height of water over V-notch Discharge, litres/sec
s0 0.5
4.5 0.60

5.0 0.80

5.5 1.0

6.0 1.2,

6.5 1.5

7.0 1.8

7.5 2.2

8.0 2.5 -

8.5 2.8

9.0 3.4 -

9.5 3.9

10.0 4.5

10.5 5.1

11.0 5.7

11.5 6.3

12.0 7.1

12.5 7.8

13.0 8.6

13.5 9.5

14.0 10.5

14.5 11.3



PLATE - 1.
‘V" notch for measurement of irrigation water under
furrow irrigation.

PLATE - 2.
Syphon tubes for measurement of irrigation water
under furrow irrigation.






PLATE - 3.
Experimental view of sprinkler irrigation system.

PLATE - 4.
Use of microtube supplying irrigation water for four
plants under drip irrigation.
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3.2.4.2 Sprinkler irrigation
The 1irrigations were scheduled on the basis of climatological
approch as per the +treatments. The quantity of water applied per

irrigation was caloulated with the help of following equation.

d=(FC-MCi ) X BDX D
d = depth of irrigation, cm
whereas F C = Field capacity, per cent
B D= Bulk density, g cm_:3
D = Effective root zone depth, om
MCi = Moisture content at the time of irrigation, per cent

The time of water application was caloulated with the help of

following expression;

t=D/gq
whereas t = Time of operation, hours.
D = Depth of water, cm.
q = Sprinkling rate, cm/hr.

The components of sprinkler and drip irrigation system are
shown in Table 3.8 and pictorial view of sprinkler is depicted in Plate-3

3.2.4.3 Drip irrigation

The drip unit used in this system is catagorised under surface
microtubing drip system. The one microtube was used for four plant. The
pictorial view 1is shown in Plate-4 and the Low density polyethylene
(LDPE) laterals with microtubes as emitters were used. The brass valve of
25 mm was provided for each treatment to maintain requisite pressure. The
system was operated at 0.50 kg/cxrf) pressure. The design discharge through

emitter was 4 L/hr.
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Irrigation scheduling was done as per the treatwents. Daily
pan evaporation was wmeasured with the help of USWB Class A open pan
evaporimeter. The water to be applied was calculated with the help of the
eguation given by Karmeli and Keller (1975) which is as follows:
v Se x SLxPwxKexEpx E

N
Where V = Water to be applied per emitter (litre/day/plant)

Se = Spacing between emitters, m
SL = Spacing between laterals, m
Ke = Crop coefficient

Ep = Pan factors (0.7)

Pw = Area factor (0.6)

N = Number of plant (4)

E = Pan evoparation, mm/day

The Kc factor was estimated according to critical
physiological growth stages given ih F.A:D., Bulletin No. 24 (Doorenbos and
Pruitt, 1975) and given in Table 3.9.

Table 3.9 Crop coefficient factor for tomato.

Critical growth Kc factor
stages

* Initial stage (0 - 20 days ) 0.4 - 0.5

* Development stage ( 21 - 50 days ) 0.7 - 0.8

¥ Mid season ( 51 - 80 days) 0.9 - 1.00

* Late season (80 - 100 days) 0.85 - 1.00

* At harvest (101 -120 days) 0.60 - 0.65

The crop coefficient wvalues were plotted against the crop growth
period and depicted in Fig 3.6.
3.2.5 Calibration of drip irrigation system
The uniformity of discharge from each emitter was ensured in

drip especially for studying the movement of water into the soil
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Table 3.8 Components of sprinkler and drip irrigation system.

Component, Specification
a) Sprinkler
Electric motor and pump 10 HP
Diameter of main pipe line 100 mm
Diameter of lateral line 75 mm
Spacing between two laterals 12 m
Spacing between two nozzles 12 m

Type of sprinkler head

Twin nozzle

Height of the riser 1.2 m
Precipitation rate 1.33 em/hr
Pressure at the nozzle 3.2 kg m—2
Uniformity coefficient D.86

b} Drip irrigation
Water 1lifting device Monoblock

centrifugal pump of 1.5 HP
with by-pass arrangement.

Main 25 mm PVC

Screen filter 150 mesh

Manifold 25 w PVC

Lateral 12 wn LDPE low density
polyethylene

Spacing between lateral 1.2m

Spacing between emitter 1.2 m

Discharge of microtube

Uniformity coefficient

~2
4 Iph at 0.5 kg am

N0.95
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(Fig 3.7). A calibration test for”éiscknaz’ge rate of water was conducted
forfd‘e'tennin.ation of uniformity coefficient using Christianson’s formala:
r Ca = (1 -=X) x 100

Cu = Uniformity coefficient, per cent,

m = Average value of all observations, muo
n = Total manber of observations
NMarerical deviation of individual observation from the

o}
1

average application rate, mm

3.2.6 Scheduling of irrigations, WR and daily water application in
drip system.

The depth of water application under surface and sprinkler
irrigation treatments at each irrigation was worked out and data in
respect of date of water application and depth are reported in Table
3.10 and 3.11 for the year 1988-89 and 1989-90, respectively. The total
water applied along with the number of irrigations are alsc reported in
the said tables. The irrigations were scheduled at 50, 75 and 100 mm CFE
as per pre-determined treatments. The quantity of water applied through
the drip irrigation system under daily (ID ), alternate day (ID ) and
after 3 days (ID ) in terms of litres per daylper plant for both yiars in
reported in Tablz 3.12.

3.2.7 Cultivation ;’;ractices of Tomato

The cultivation practices of Tomato for the year 1988-89 and

1989-90 are presented in Table 3.13.
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Table 3.10 Scheduling of irrigations to towato under surface and
sprinkler irrigation methods. (1988-89)

Sr Meteorological Date  Days after Depth of irrigation, mmm
No. weeks planting ---——--——-——-———— o

1. 45 5-11-88 -- 70 70 70 70 70 70
2. 47 22-11-88 17 440 -- -- 30 — -
3. 48 28-11-88 23 -~ 75 - - 44 -
4. 49 8-12-88 34 4 - 75 27 -= 87
5. 52 26-12-88 51 40 65 - 33 49 -
6. 2 13~-1-89 70 45 - 86 27 -- 66
7. 3 21-1-89 78 -- 80 - ~-= 52 -
B. 3 28-1-89 35 446 - - 33 - —-=
9. 6 10-2-89 98 40 65 80 30 55 52
10. 8 22-2-89 110 4 - - 35 —-= -
No of irrigations s 5 4 8 65 4
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Table 3.11 Scheduling of irrigation to tomato under furrow and sprinkler
irrigation. (1989-90)

Sr. Meteoro Date Days after Depth of irrigation, mm
No, logical planting e
weeks IF IF IF IS I8 IS

50 7% 100 50 75 100

1. 45  11.11.89. - 0 70 70 0 70 70
2. 47  21.11.89. 11 7T S 22 - -
3. 48  27.11.89. 17 S — 44 -
4. 43  3.12.89. 23 46 - 80 33— 88
5. 51  21.12.89. 41 4 65 - 27 38  —-
6. 2 10.1.90. 81 40 - 80 22 - 59
7. 3 17.1.90. 68 1 Y S—
8. 4 24.1.90. 75 T, R — 33 - -
9. 68  £.2.90. 88 0 80 90 27 44 68
10. 8  17.2.90. 99 0 - - 22 —— -
11. 9 26.2.90. 108 0 85 - 33 38  —-
No. of irrigations 9 B 4 2] B 4

Water reguirement, mn 330 370 320 289 2783 261




57

Table 3.12 Daily water requirement of tomato during the period of
investigation under drip method.

mn per day

1 2 3 4 5 6 7 8 9

Nov, 1988-89 1989-90

6 4 - 0.25 - - - - -

7 4 - 0.25 0.50 - - - -

8 3 - 0.18 - 0.69 - - -

9 2 - 0.13 0.32 - - - -

10 2 - 0.13 - - - ~ -

11 2 4 0.13 0.26 0.39 0.39 - -

12 2 4 0.13 - - 0.25 0.63 -

13 2 4 0.14 0.27 0.25 - 0.88
14 2 4 0.14 - 0.40 0.25 0.51 -

15 2 4 0.14 0.27 - 0.26 - -

16 2 4 0.14 - - 0.26 0.52 0.78
17 2 4 0.15 0.28 0.42 0.27 - -

18 3 4 0.22 - - 0.28 0.55 -

19 4 4 0.30 0.52 - 0.29 - 0.84
20 4 6 0.31 - 0.83 0.44 0.73 -

21 6 4 0.47 0.78 - 0.30 ~ -

22 4 4 0.32 - - 0.30 0.60 1.03
23 4 4 0.33 0.65 1.12 0.31 - -

24 4 4 0.33 - - 0.31 0.61 -

25 4 4 0.34 0.67 - 0.31 - 0.92
26 4 4 0.34 - 1.01 0.31 0.63 -

27 4 4 0.35 0.69 - 0.33 . - -

28 4 4 0.36 - - 0.33 0.66 0.97
29 4 4 0.36 0.72 1.07 0.33 - -

30 4 4 0.37 - - 0.34 0.67 -

Dec,

1 2 4 0.19 0.56 - 0.34 - 1.01
2 2 4 0.19 - 0.75 0.35 0.69 -

3 2 4 0.30 0.49 - 0.36 ~ -

4 2 4 0.20 - - 0.37 0.73 0.72
5 2 4 0.21 0.41 0.70 0.38 - -

6 2 2 0.21 - - 0.19 0.57 -

7 2 3 0.21 0.42 - 0.29 - 0.86
8 2 4 0.25 - 0.67 0.39 0.69 -

9 3 4 0.33 0.58 - 0.40 - -
10 2 4 0.23 - - .41 .81 1.21
11 3 2 0.34 0.57 0.90 0.21 - -

12 2 2 0.23 - - 0.21 (.42 -
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Table 3.13 Scheduls of eultural and other opevaticns foliowed fo¥
tomato. (cv. Pusa Early Dwarf)

Sr. Cultural operations and Date of operations
No. cultivation details 1988-89 1983-30
1. Seed sowing on raised bed 4-10-88 6-10-89
2. Preparatory tillage
Ploughing 15-10-88 10-10-89
Cold crushing 27-10-88  30-10-89
levelling 27-10-88  30-10-89
3. Transplanting of seedlings 5-11-88 10-11-89
4, Fertilizer application
Half the dose of N and full dose
of PO and KO 5-11-88 10-11-89
2 5 2
5. Post sowing operations
a) Irrigation As per As per

treatment treatment

b) Weeding As per As per
requirement requirement

c) Fertilizer application
(half the dose of N) 3-12-88 10-12-89

6. Root study 4-3-89 9-3-90
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3.3 Field observations and data ocollection
3.3.1 Soil moisture distribution and soil temperature

After transplanting the seedlings, soil samples were taken to
assess the water distribution patterns. The samples were collected below
the emitter of drip at an interval of 50 mn CPE of furrow and sprinkler
irrigation and at the sare time, the soil temperature was recorded at an
interval. In the case of sprinkler and furrow methods, soil samples were
coilecbed before each irrigation to assess the available soil moisture
statns and at the same time soil temperature was recorded. The pictorial
view while rrr—-..asx.iring a soil tewperatbuare is depicted in Plate-5.

In drip irrigation, before transplanting soil moisture sanples
were taken as a function of depths and radial distances. Accordingly, the
soil samples were collected at 0, 15, 30, 45 and 60 cm depths and radial
distances of 0, 15, 30, 45, and 60 cm the following standard procedure
described by Black et al. (1965) was adopted. The soil sample preserving
wooden box designed and developed by Magar et al. (1981) was used to
minimise the error in the method.

3.3.1.1. Measurement of soil matric potential

Soil water potential upto- 0.8 bar was measured directly from
tensiometers installed at different depths in the soil coluwms. The soil
moisture contents corresponding to soil water potential values were
interpolated from moisture retention curves already prepared for the
soil. Soil meisture monitoring by tensiometers wunder drip irrigation

treatments is depicted in Plate-6.



PLATE - 5.
Recording of soil temperature with the help of
digital soil temperature indicator.

PLATE - 8.
Monitoring of soil moisture by tensiometers under drip
irrigation.
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3.3.1.2. Wetting front

Advancement of wetting front after the application of
irrigation water was studied by monitoring the soil moisture
scrupulously and advancement of wetting was estimated as a function of
distance and depth from the point source. The s0il moisture was
determined with the help of gravimatric method at the soil depth
intervals at 0-15, 15-30 and 45-60 cm depth just below the emitter and at
the distance of 15,25, and 35 cm away from the emitters. These
obseﬁations of soil water content were recorded before the planting of
tomato.

3.3.2 Hydarulic properties of soil

3.3.2.1. Hydraulic conductivity

Air dried equilibrated soil samples were used for the
determination of hydraulic conductivity. The constant head device was
employed for the determination of this parameter (Richards /,1954) and the

hydraulic conductivity was calculated by Darcy’'s law.

q=KAH/L
where q = V/AL = Flux
= Hydraulic conductivity, cm/hr
AH = Hydraulic head differnce
L = Length of soil columm, cm.

The Hydraulic conductivity values of the normal =o0ils were

0.095 and 0.147 cm/hr for Typic chromustert and Vertic Ustropept,

respectively( Pafi l, 149 f) .
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3.3.2.2 Soil water diffusivity, Do
Soil water diffusivity is the soil moisture dependent and may
be mathematically defined as : d(©) = K(6)/(d6/dy) where dB/dy is the
specific soil water capacity (C) and \P is the in cm of water column.
3.4 Physical properties.
3.4.1. Bulk density
The tulk density for different soil depth layers as
influenced by different soil moisture regimes created by treatments was
determined by the standard method described by Blake snd taxlg¢(1986) . Core
samples were collected with the help of double ring pneumatic foot power
operated core sampler. These undisturbed soil cores were used for bulk
density determination.
3.4.2 50il moisture retemtion characteristics curve
Scil moisture retention characteristics was determined with
the help of pressure plate extractor (Richards, 1947). ©Sufficient care
was taken for saturation and removal of entrapped air in the samples. The
core samples were subjected to different pressure levels. The moisture
retention characteristics curve of experimental plot is depicted in
Fig. 3.8.
3.5 Remote sensing technique
3.5.1 Crop canopy temperature
Infrared thermometry is a non-contact method for estimating
the surface temperature of a target. The canopy temperature and crop
canopy atmospheric temperature difference were measured with infra-red

thermometer (Tele temp AG-42).The weasurements were made for each plot by
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o)
the instrument to the centre of the plot at an angle of 456 and is

depicted in Plate-7.
3.5.2 Stress degree days

Crop canopy temperature data were collected at an interval of
10 days. The data cbtained on the Tc and TA were used to calcilate the
stress degreeﬁay (SDD). This concept was developed by Idso et al. (1977)
and is define?lﬂ "SDDi :Z(Tc - Ta) i where, Tc is the canopy temperature and
Ta 1is +the a&;.r temperature at 14.30 hours. If the plant has adequate
water, Tc~-Ta will be near zero or negative. If it is water stressed ,Tc—Ta
will be greater than zero. The sum of acoumilated positive values of Te-
Ta can serve as an index for scheduling of irrigation.

3.6 Plant parameters
3.6.1 Leaf area index

Three representative plants from each treatment were selected
randomly. The green leaf portions were separated and the area of leaves
was obtained with the help of leaf area meter (LICOR, Li-3100). The leaf
area was calculated from regression as developed by Garg and Mandahar
(1972) and is as follows ; Y = -0.4 + 0.211 X where ¥ = leaf area and X =
length x Breadth.

The green leaf area thus obtained was divided by the so0il
area covered by the plants gives the leaf area index (LAI) of the crop. "
The LAT was determined at an interval of 30 days.

3.6.2 Leaf water potential
Leaf water potential was measured on a fully matured compound
leaf - from the top with the help of a HP-115 microprocessor leaf water

potential data system and pressure chamber technique (Scholander et al.
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65) .The leaf water potential values were determined at 30 days interval
r the entire crop season. The pictorial view of HP-115 microprocessor
af water potential is depicted in Plate-8.

7. Biometric observations

3.7.1. Plant height
The height from base to the top of the three selected plants
om each treatment was recorded at 70 th days after transplanting.
rerage of each of the three replications was recorded. the pictorial
ew of a tomato plant indicating plant height is depicted in Plate-9.
3.7.2. Number of branches per plant
The number of branches of the three representative plants from
ich treatment was counted at 70 th days after planting and an average
uber of branches per plant on each was recorded.
3.7.3 Number of fruits per plant
The total number of fruits from three plants
sparately counted at 70th days after planting and the value i3 presented
5 mean number of fruits per plant.
3.7.4 Weight of individual fruit
The weight of fruits (both normal and cracked ones) harvested
rom the three plants under each treatment was summed up. The average of
he sum is presented as mean weight of fruit under each treatment.
3.7.5. Dry matter content per plant
The randomly selected plants were uprooted for separatgly Erown
lots for determining the dry matter at an interval of 30 days, they were
ashed with running tap water, weighed and then dried in the hot air oven

o
t 70 C for 24 hours separately. The drying process was repeated until



PLATR - 8.
Measurement of leaf water potential with the help

of HP-115 microprocessor.

PLATE - 9.
Pictorial view of tomato crop under furrow irrigation
treatments indicating the plant height.
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snccessive weigh « © were constant. At this stage, the weight of each of
the two dried plants was recorded. The rteén dry weight of thres plants
was worked out and is presented as dvy matter content. The vegetative
growth of tomate plant wnder fuarrow sprinkler and drip irrigation are
depicted in Plate-10 to 12. -
3.7.6 50 per cent of flowering
The date of initiation of flowering was recorded as soon as a
single flower ad was seen on any of the plants in the treatment.
Similarly date of flowering was recorded when 50 per cent of plants
produced a couple of flower buds. Accordingly, the mmber of days
reguired for flowering was calculated from the date of planting.
3.7.7 Total marketable yield of tomato fruits per hectare
The total merketable yield of tomato fruits|plot was calculated by
substracting the cracked fruits from total yield of tomato fruits for
each treatwent. It was then converted into ton/ha.
3.7.8 Volume of individual fruit
The randomly selected three fruits from the third picking
under each treatient were placed in water filled cylinder and the water
displaced was recorded of each fruit. Mean of the three fruits from each
treatment was worked out and presented as a volume of individual fruit.
3.8 oot study
Observations on root study were taken in all treatments after
the harvest of tomato crop. '+ trench of 60 X 60 X 60 cm was excavated
a;‘ound three plants in each plot.
The trenches were watered and roots were collected from the

trench after 24 hours. Thsy were washed with dilute sodium hexa meta
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4. RESULTS AND DISCUSSION
4.1 Soil moisture
4.1.1 Moisture distribution - Furrow irrigation

Soil moisture contents in four layers were monitored
before each irrigtion for the tretments of IF ,IF ,IF and available
moisture content data during the entire crop ggowtlzsperigg are reported
in Table 4.1. The gravimetric soil moisture content data were converted
into depth of available water as proposed by Dastane (1872). Thus data
on available soil moisture during the entire growth period under the
irrigation treatments are plotted against crop growth period and depicted
in Fig.4.1 and 4.2 for furrow irrigation respectively for the years 1988-
89 and 1989-90. Number of irrigations including presowing irrigation
were to 8,5,4 and 9,6,4 under 50, 75, 100 mm CPE treatments,
respectively.

Naturally, available soil moisture had gone below the level of
maximm allowable deficit (MAD) under IF treatment and was much more
higher in case of IF treatment. It was i’ggorted in FAO Bulletin No.
24 that MAD defic::ti0 index for tomato crop ranged from 0.3 to 0.4
(Doorembos and Pruitt, 1975). It is clearly visible from the figures
that low MAD range and corresponding moisture stress were under
irrigation treatments of 75 and 100 mm CPE. Soil moisture content
before irrigation was from 26.0 per cent under IF and 31.0 per
cent under IF treatments (Table 4.1). The oorre;ggnding maximum
allowable deﬁggt. cames to 0.53, 0.58 and 0.83 for the irrigation
treatments of IF , IF and IF respectively. There was slight difference
in the soil miggtme Zgntent ;gothe time of commencement of irrigation

under each treatment even though the actual interval between two



77
Table 4.1 Soil wmoisture content before irrigetion as influenced by
irrigation treatasnts daring crop growth pericd.

Crop Irrigation
growth interval, Soil moisture, per cent
period,  days |
days
50 75 100 IF IF IF IS IS IS
o CPE. 50 75 100 50 75 100
1988-89
17 17 - - 30.8 - - 31.2 - -
23 - 23 - - 216 - - 28.8 -
34 17 - 34 30.56 - 28.8 31.2 - 26.9
51 ‘18 28 ~ 30.9 28.8 - 31.5 29.2 -
70 19 - 36 30.5 - 26.0 30.9 - 27.8
78 - 27 - - 28.2 - - 29.0 -
85 15 - - 30.6 - - 31.0 - -
98 13 20 28 31.0 28.8 26.4 32.0 28.5 28.0
110 12 - - 30.6 - - 31.2 - -
1989-90
i1 1T - - 32.0 - - 32.8 - -
17 - 17 - - 30.0 - - 31.0 -~
23 12 - 23 32.0 - 27.5 32.0 - 28.0
41 18 24 - 31.8 .. 29.8 - 31.2 30.0 -
61 20 - 38 32.1 - 27.4 32.0 - 27.5
68 - 27 - - 30.2 - - 30,0 -
75 14 - - 320 - - 3.8 - -
88 | 13 20 27 32.2 30.0 26.6 32.7 31.0 28.0
99 11 - - 31.8 - - 32.1 - -

108 9 20 - 32.1 29.7 - 31.8 30.0 -~
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irrigations varied to the extent of 2 to 3 days.This range was 26.0 to
26.8, 27.5 to 28.8 and 30.5 to 31.0 per cents in the treatments of IF
IF and IF , respectively. 100

75 50

Available so0il moisture study during the crop gowth under
surface irrigation system was reported by Sivanappan et al. (1987),
Similar efforts were made by Karmarkar (1985), Magar et al. (1989), Soil
moisture status as influenced by the processes of precipitation and
irrigation was explained by Gardner (1964) and Philip (1966) for
different set of conditions. Tripathi and Ghildyal (1978) correlated +the
aspects of soil moisture status and leaf water potential. Analysis of
soil moisture status as a function of depth and time between two
irrigations and layerwise contribution of ASM in black soil (Vertisol)
was made by Magar et al. (1984 a). The contribution of first and second
layer of 15 cm each was to the extent of 60 per cent.

4.1.2 Moisture distribution - Sprinkler irrigation

The gravimetric moisture content data before each irrigation

under sprinkler irrigation treatments i. e. IS , IS and IS are
50 75 100
presented in table 4.1 for both years. The data in terms of ASM are
plotted against crop growth period and showed in Fig. 4.3 and 4.4,
respectively for the years 1988-89 and 1989-90 for the treatments of IS ,
IS and IS . >
75 100

Soil moistures depletion was under sprinkler irrigation treatments
like furrow irrigation.The moisture contents ranged from 30.9 to 32.0,
28.8 to 29.5 and 26.9 to 28.0 per cents in case of IS ,IS and IS

50 75 100
,respectively.In general, irrigation interval for the treatments of 50,

75, 100 mm CPE under sprinkler irrigation system was
20 L0 60 8BU  wu At harvest
Nov Jan March

DAYS AFTER PLANTING

ig. 4.3. Soil water content in a profile under sprinkler irrigation
during crop growth. { 1988-89)
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found to be 12 to 19, 20 to 28 and 28 to 36 days, respectively.
The available soil moisture also had gone down t

level of managenement allowable deficit (MAD) limit of tomato s 1D

75

and IS treatments. The soil moisture content before irrigation was
100

26.9 per cent under IS and 32.0 per cent under IS +treatments. The

100 50
interval between two irrigations under particular type of treatment on

the basis of CPE varied to the extent of 2 to 3 days. Similar trend was
observed in the year 1989-90.
4.1.3 Profile moisture distribution - Drip irrigation

The available soil moisture data are plotted against crop
growth period for the treatments of ID , ID and ID and depicted in Fig.
4.5 for the years 1988-89 and 1989—9(1). Thg m.tmbersof irrigations were
120, 60 and 40 under ID , ID and ID treatments respectively. It is
clearly visible from the %1@.11‘25 that zvailable soil moisture was nearly
to the field capacity in above three treatments. The soil moisture
content range before irrigation was from 34.5 to 32.5 per cent under 1D ,
ID and ID treatments. Similar trend was observed in the year 1989-903..
Exozllent 2ynthesis of ASM during the crop growth period umder drip
system was done by Sivanppan et al. (1987), Nakayama and Bucks(1986),
Karmeli and Keller (1975). The available soil moisture fluctuations in
black cotton soil under drip irrigation system were reported by Karmarkar
(1985) and Magar et al. (1989).

4.1.4 Moisture redistribution and wetting front

Pilot experiment was conducted to study the soil moisture
distribution under surface irrigation system under bare soil conditions.
The soil moisture data as a function of depth and time are depicted in

Fig. 4.6. Initial moisture contents in the effective root zone of 60 cm
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before water application are also reported in said figure. The moisture
content at the surface layer was 0.11 c::z ;whichladixnmasedtothe
extent of 0.32 cx?) cr;a at the soil depth layer of 45 to 60 com soil
moisture content.

Philip (1967) reported the phenomanon of water movement
through porous media. At low suctiof, KO values progressively increased
with depth and this is in consistant ;viﬂl the fact that water retentivity
and specific surface area increse with the depth as shosm by Richgrds
and Moore (1962).

4.1.5 Advancement of wetting front under uniform frequency of water

application

The adyamamt of wetting front as a function of depth and
distance from on;,point source is depicted in Fig. 4.7. It is a function
of soil poms.it.;,.E hydraulic conductivity, infiltration rate, duration of
water application, spacing of emitters, evaporation and initial soil
moisture content (Sivanappan and Padmalumari, 1980). It is interesting
to note from the figure that the wetting front advanced to a distance of
20 om on either side of microtube and 60 cm below the microtube after 72
hours and before the execution of next turn of water application. The
wetted front advanced since beginning of water application at 30 cm on
either side of the emitter Whaf the equilibrium reached after 144 hours.
The wetted bulb vas more or less semi-elliptical in shape with maximm
and minimum diameter of 57 and 50 cm, respectively. Roth (1974) measured
the wetting fronts and found that rather than being in a }ﬂnispheriq’}
form, the wetted volume was elongated in the vertical direction in sandy
loam s0il. Karmarkar (1985) reported that in deep black soil, the wetting

front advance was 30 cm on either side of the lateral and 67
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vertically downwards at the end of irrigation cycle of 144 hours.
4.2 Pertinent soll properties

4.2.1 Soil water properties
4.2.1.1 Hydraulic conductivity
The values of unsaturated hydraulic conductivity (K8) versus
soil water content for 0-15,15-30,30-45 and 45-60 cm soil depth are
depicted in Fig. 4.8. Hydraulic conductivity decreased logarithmically

with the decreasing soil water content showing exponential relationship
o T

on semi-log scale. Large soil?a?:er content Vvariation was recorded from
O\Hm giving maximum values of K(6) in the range of 8.5
X 164 to 2.5 x lazcm/day, respectively in the surface layer. The 45-60 cm
layer exhibited minimum K(©) range from 0.5 x 1(_)21:0 9.2 x 162 cm/day when
water content changed from 0.63 +to 0.69 c:m3 c;as during drying

period.This could probably be due to a small magnitude of potential
gradient in the micropores system. Philip (1957) reported the phenomenon
for water movement through porous media. The |hydraunlic conductivity
values ranged between 0.1 to 0.0008 cm/day for soil depth intervals. The
values of hydraulic conductivity in black cotton soil (Vertisols) with
58.5 per cent montomorillonitic clay content determined by Magar et al.
(1980) varied in order of 162to IBSCm/day when moisture content decreased
from 0.70 to 0.30 cma cnn-:.3 These values were in agreement with the wvalue
of K(0) reported by them.

The figare clearly indicated that K(@) showed an exponential
relationship with volumetric water content of suction ( m). The values
of K(8) decreased sharply with a slight decline in 6v.It was due to the
fact that the large pores conducting more water, became empty. At low

suction K(9) value progressively increased with depth and is
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consistent with the fact that the water retentivity and specific surface
area increased with the depth shown by Richards and Moore (19562). As the
crop growth advanced, more water was consumed by the crop. The deeper
layers contributed higher capillary conductivity compared to that by the
relatively surface soil layer due to the presence of high volume
fractions of water. This phenomenon was explained by Philip (1957) based
on cross sectional area available for flow which decreases with time.
Similar observation in deep black soil were observed by Patil (1981) and
Patil (1982) and Patil (1986).

4.2.1.2 Soil water diffusivity

Soil water diffusivity D(8) as a function of moisture content at
four different soil depths viz. 0-15, 15-30, 30-45 and 45-60 cm was
plotted on semilog paper and presented in Fig. 4.9. The soil water
diffusivity values decreased logarithmically as that of K(8) exhibited
approximately exponential relationship with water content when ploted on
a semilog paper. D(O) values of surface layer (0-15 cm) were maximum
in the range of 7.5 x 10~ to b x 10—3cm2 /sec at 0.38 and 0.42 cr?x m-ns
moisture contents, respectively. 45-60 cm so0il layer exhibited
minimin variation in the D(/Q) values from 8 x 164 to 8.5 x 163crn2/sec at
0.44 and 0.47 auscm—r?xoistaf\re contents, respectively. The 45-60 cm soil
layer exhibited minimmm variation in the D(8).Magar and Kar (1981) showed
that the magnitude of DSG) value ranged from 10_3’&0 10—‘5 cmz/ sec Wwhen
moisture content decre:':\sed from 0.30 to 0.10 cm3 cr:x in black soils.
Tripathi and Ghildyal (1978) found that D(8) variation at saturation ranged
from 1002 to 1898 cmiday Thus maximam values D(8) occurred at
saturation, but variation in this case was attributable to the error in

this period. The maximum soil water diffusivity occurred at certain
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moisture content, less than saturation mostly failing in the range of
0.25 to 030an3a;3moistureomtmtasshomw DhanPal and Varade
(1976). The bulk density largely affected the values of K(©) and D(9).

4.2.2 Physical properties
4.2.2.1 Bulk density

The bulk density as a function of soil depth is depicted in
Fig. 4.10. The bulk density at the surface layer of 0-15 cmwas 1.18 g
cmjswhich showed an increasing trend as a function of depth. Maximum bulk
density of 1.39 g c:m—swas recorded in the layer of 45-60 cm. Bulk density
was more at the lower layer depth and ultimately porosity was decreased
as the depth increased. Bulk density variation due to soil moisture
content has been reported by the various researchers. In swelling black
clay solls, bulk density at all depths decreased with increase in the
moisture content. The rate of increase in the bulk density due to soil
moisture depletion was higher in the clay soil as compared to that in the
light textured soils (Magar at al. 1979 and Patil, 1982).

Large volume changes are characteristic of soils with a high
content of expanding clays. The degree of volume change in response to
changes in water content depends upon the amount and type of clay, the
particle arrangement, composition of soil solution, organic and
chemical bonding agents (Larson and Allmaras, 1972). Bondman and
Constantin (1965) reported that the packing relationship of the particles
in a soil with its bulk density. They observed high bulk densities where
the sand fraction ranged from 50 to 85 per cent. The soil surface
particles can change their position to a great extent by rolling or
sliding. It is the major factor contributing to volume change in
vnsaturated granular soils. For fine grained, partly saturated soils,
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predominantly composed of clay, the volume changes depend upon

reorientation of the particles snd displacement of water molecules
between particles. The change in state of bulk density resulting from
rearrangement of the particles is primarily due to the change in volume
of the voids (Magar et al. 1979).

4.2.2.2 8oil moisture oconstants

Soil moisture constants such as maximm water holding capacity
,field capacity and permanent wilting point of the representative soil
samples are given in Table 4.2. It is obvious from the table that surface
layer (0-15 cm) exhibited maximm water holding capacity and available
soil moisture content. Available soil moisture content decreased as a
function of depth. Capacity use factor and available moisture ocontent
data of deep black soils have been reported by Magar et al. (1984). The
porosity was estimated from the particle density and it decreased as a
function of depth. There was a reduction of 7.1 per cent in the porosity
status in between surface layer of 0-15 and 45-60 om soil layers. However
concomitant reduction was observed in case of field capacity and
permanent wilting point.The average field capacity and PWP were 34.7 and
18.5 per cents, respectively. The total available soil moisture in the
effective root zone of 60 cm was 125 mm. |

4.2.2.3 Soil temperature »

The soil temperature at 15 cm depth was monitored before each
irrigation quar fn{uw irrigation (Igoto I‘;"'O()). The data plotted against
crop growth,amevdepicted in Fig.4.11 and 4.12 for the years 1988-83 and
1989-90, pectively. The number of irrigations including presowing
irrigation were 8,6,4 and 9,6,5 under 50,75 and 100 nm CPE treatments

respectively.
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Table 4.2 Details of soil moisture constanta and other related physieal
properties in effactive root sons.

Soil Balk Total Maximom Field Permanent ASM,

depth density porosity, water capacity, wilting per cent
layers, -3 per cent holding per cent’ point.,
cm g cm capacity, per cent
per cent

0-15 1.21 55.8 54.7 - 38.4 19.4 17.0
16-30 1.24 52.4 50.9 35.1 18.8 16.2
30-46 1.27 50.2 48.16 35.0 18.3 16.7
4560 1.30 48.7 45.3 32.4 17.5 14.9
Mean 1.25 51.17 49.8 34.7 18.5 16.2

Soil temperature was compared with air temperature and it was
inferred that soil temperature was 3.8 to 4.3, 2.8 to 3.5 and 1.8 to 1.200
less in the treatments of 50,75, 100 mm CPE of furrow irrigation under
similar set of conditions.In case of sprinkler irrigation treatments soil
temperature reduction was slightly more than the furrow irrigation
treatments. The reduction in soil temperatures at 15 cm soil depth was
attributed to such as specific heat of soil matrix and water. The soil
temperature data in the drip irrigation are plotted against the crop
growth period and depicted in Fig. 4.13. The soil temperature in ID
treatment was 5 to 5.7o C less than the air temeprature. Similar
temperature was observed in ID and ID treatment. The soil temperature

2 3
redaction in drip irrigation was wore than that in the furrow and
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sprinkler irrigation. This might be due to the fact that in drip
irrigation, soil moisture is maintained at field capacity.

Soil temperature is dependent upon soil moisture. Chandhary
and Sarxlhx (1982) reported that the effect of irrigation on soil
tesperature depends upon the relative temperature of soil and irrigation
water, the atmospheric conditions, the type of mlch and the nature and
extent of crop cover. Ir"g tropical areas, irrigation generally causes a
rapid and substantial reduction in maximum soil temperature in summer.
There was a temperature reduction of 11.400 at 5 cm and 4.800 at 20 cm
soil depth during early growing season in June with 80 mm irrigation.

The effect was large, rapid and short lived in the surface layer, and

it was small, slow and long lived in deeper layers. The moderating effect
of irrigation lasted for 4 to 9 days in the top of 20 cm soil. Similar
results have been reported by Dhesi et al. (1964), Khera et al. (1976),
and Sandm et al. (1980). The dampling effect of irrigation was
attributed to the lower temperature of the irrigation water than that of
soil high specific heat of water and greater evaporative cooling in
irrigated soils.

Magar et al. (1979) reported that the low value of thermal
conductivity of 0.6 m cal/cm/secoc at b5 om depth in the black cotton soil
with a high clay content (montmorillonite } is in agreement with
the view that \ is lower in more fine textured soils. The value of A
depends onﬂaeshapeandsizeofomtactsofsepamteparticlesénd on
the quantity of water and air between them (de Vries,1863). The rate of
increase in \ is greater at the lower moisture content while at higher
moisture content N\slowly increases. Dravid (1940) while working on black
soil obtained a value of 0.4 m cal/cm/sec /OC for thermal conductivity at
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5 om depth. The soils with higher clay content and lower sand content
have lower effective thermal conductivity. Apparently, commmnication of
soil diminishes, the air between its particles, the smaller the pore size
the smaller the coefficient of thermal conductivity of air in them
resulting in a decrease in the effective thermal conductivity. Most
probably air becomes less mobile in smaller sized pores, diminishing the
part played by convection, the part played by radiation in overall heat
transfer becomes less, and finally there is an increase in the number of
low conductivity contacts between the particles.

The maximum value of D (3.8 cx?)/sec) attained at the moisture
content of 0.40 cm3 er:x3 declined gradually as the moistare content
increased thereafter. As in the case of +thermal conductivity,

2 2
thermal diffusivity D, also increased from 1.2 cm/sec to 3.8 cm/sec with
3 -3
increase in moisture content from 0.20 to 0.40 cm cm. Further increase

3 -3
in moisture content beyond 0.40 cm cm a decrease in thermal diffusivity

has resulted. The curve for thermal conductivity as a function of
moisture content has a tendency to flatten out. In general, the thermal
diffusivity of the soil varies with its moisture content. This might be
attributed to the fact that with increase of moisture water f£fills, the
inter-space between the soil particles, driving away the air which has a
low thermal diffusivity. From the depth of 5 cm there was an increase in
diffusivity following saturation because the thermal conductivity
increased roughly three fold versus a two fold change in heat capacity
associated with the marked increase in soil water content (Kolyasev and
Gupalo 1958). The thermal diffusivity reaches its maximum at such a
moisture content where the water flim meniscus mechanism changes into the

capillary mechanism. Further increase in moisture content resulted in
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capillary wechanism. Further increase in moisture contemt resulted in
decresse in thermal diffusivity due to flattering tendency of thermal
conductivity curve.

Soil heat fluxes were computed and the heat flux was compared
for 5 and 15 om depths during drying. The profile of volumetric water
content, the soil initially was moist and dried rapidly at the surface as
time progressed. As the depth, increased from 5 cm to 58 cm,
the soil temperature after saturation decreased from 33.4 to 28.200 at 3
p.m. in black cotton soil (Magar et al. 1979).

4.2.3 Pertinent chemical properties.
4.2.3.1 Soil pH

Variation in soil pH as influenced by different irrigation
treatments during the period of investigation is reported in Table 4.3
There was not much differences in pH values under furrow, sprinkler and
drip irrigation methods. Eventhough the variable water quantity was
applied under different methods at different CPE it did not influence the
soil pH.

4.2.3.2 EKlectrical conductivity, EC

The values for BC of surface layer of 0-15 c» were measured
at 30, 60, S0 and 120 days after planting and these are reported in
Table 4.4. Initial EC values of surface soil samples did not change
significantly due to irrigation treatments. However, EC values increased
during the crop growth period due to imposition of irrigation treatments.
In drip irrigation treatments there was slightly increased in the salt
status.It is true that an increasing trend was seen in second year for all
irrigation treatments. The values were founc; to be increased at he!rvest..
It is rather difficult to draw certain conclusion within short period in
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Table 4.3 Soil »H as influenced bty different soil meistuve regines
during crop growth.
Treatments Soil pH
Crop days
30 80 90 At harvest
1988-89
IFSO 7.95 7.98 8.02 8.02
IF’75 7.93 7.97 8.00 8.01
IF 7.92 7.95 7.98 8.00
100 '
IS 7.95 7.98 7.98 8.01
50 :
Is 7.93 7.96 7.97 8.00
75
IS 7.92 7.94 7.95 7.98
100
D 7.97 8.00 8.02 8.04
1
b 7.96 7.98 8.01 8.02
2
1D 7.95 7.97 8.00 8.01
3 .
1989-90
IF 7.97 8.00 8.02 8.04
50
IF 7.96 7.98 8.01 8.03
75 '
IF 7.95 7.97 8.00 8.02
100
IS 7.97 8.00 8.01 8.04
50
IS 7.96 7.98 8.00 8.03
75
18 7.95 7.97 7.99 8.01
100
ID 8.00 8.02 8.04 8.07
1
i§)) 7.98 8.01 8.03 8.06
2
ID 7.97 8.00 8.02 8.04
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Table 4.4 Soil EC as influanced bty different soil moisture regime during

crop growth .
Treatments Soil EC, dm
——————— Crop Days ——-—-
30 80 90 At harvest
1988-89

IF 0.38 0.42 0.45 0.47
50

I1F 0.37 0.41 0.43 0.46
75 )

IF 0.36 0.40 0.42 0.44
100

IS 0.38 0.41 0.43 0.45
50

I8 0.37 0.40 0.41 0.44
75

IS 0.356 0.38 0.40 0.42
100

ID 0.29 0.43 0.46 0.50
1

1)) ; 0.38 . 0.42 0.45 0.49
2

ID 0.38 0.42 0.44 0.49
3

1989-90

1F 0.43 0.48 0.48 0.50
50

IF 0.42 0.44 0.46 0.49
75 -

IF 0.40 0.42 0.45 0.47
100

IS 0.43 0.45 0.46 0.49
50

IS 0.42 0.43 0.44 0.48
75

IS 0.40 0.42 0.43 0.46
100 ’

iD 0.44 0.48 0.52 0.56
1

D 0.43 0.47 0.51 0.52
2

D 0.43 0.46 0.50 0.52
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the absence of LR and water table studies.
4.3 Hater budgeting
4.3.1 Consumptive use

Consumptive use 6f total pan evaporation and other related
parameters of tomato monitored during the period of investigation are
given in Tables 4.5 and 4.6, respectively for the years 1988-89 and 1989-
90. Total number of irrigations was considered including first common
irrigation (70 mm) applied at the time of transplanting of seedlings.
The number of irrigations under furrow and sprinkler irrigation treatments
was 8, 6 and 4 for 50, 75 and 100 mm CPE, respectively in the year 1388-89.
Number of irrigations were increased by one irrigation under IF and
IF in the second year. The irrigations were scheduled on the baggs of
cliggtological approach and were dependent on total pan evaporation during
the entire crop growth period. The concept of drip irrigation was to meet
the depleted avallable soil moisture on daily,alternate and three days.
Hence, number of irrigations was maximum at 120, 60 and 40 in case of ID
,ID and ID treatments respectively. The corresponding average of 1, é
and23 days iﬁterval between two irrigations is also reported in the said
tables. It gives Jjust tentative idea of rotation period for all
treatments. MNumbers of irrigations had given the estimation of the
quantity of water applied. Irrigation interval was comparatively iess in
first year as compared to second year. However, it was nil in first year
and contributed little to the extent of 5.5 mm in second year. This tract
does not get late rabi or pre-monsoon rains. Total pan evaporation was
401 and 461 mm during the entire crop growth period for the years 1988-89
and 1989-390, respectively. Average daily pan evaporation was worked out

and it was 3.34 and 3.84 m/day for the years 1988-89 and 1989-90
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respectively (Tables 4.5 and 4.6).

Consumptive use was estimated from the available soil moisture
depletion data. There is a large variation in consumptive use amongst
different irrigation methods as well as amongst different scheduling of
irrigation treatments under the same method. Maximum Cu was recorded under
IF treatments amounting to 395 mm. It was followed by 375 and 355 mm

100
under IF and IF treatments, respectively (Table 4.6).

5 100
The consumptive use in respect of IF and IF was 5.8 and 8.8
75 50
per cent more than IF treatments. The reduction in irrigations

100
resulted into lowering down the Cu and maintaining low soil moisture

status particularly under IF treatments. The reduction in irrigation
with subsequent lowering do&zgoof Cu was noticed wunder sprinkler

irrigation treatment. Available soil moisture quantity was recouped then
the variable depth of irrigation at each irrigation treatment had
resulted into lowering down the consumptive use. It was 285, 270 and 255
mn ander IS , IS and IS irrigation treatments respectively (Table 4.5).
The reducti’gn aggngst i)l:‘gggation treatments under sprinkler irrigation
was also not prominent. It was due to the application of requisite
quantity of water which was depleted during the irrigation interval.
The liquid phase is considered initially and it was useful to introduce
the concept of hydraulic conductivity by first considering flow through a

saturated system. There is no need for an elaborate treatment of fluid
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Table 4.5 Conmmptive use, aversge daily oconmmptive wse, total yan
evaporation, average daily pen evaporstion and aversge
evapotranapiration ratios in irrigation.(1868-88)

Treatments .
Parameters IF IF IF Is | &3] Is 1)) 1)) D
50 75 100 50 75 100 1 2 3

1. No. of X * p 3 * %
irrigations 7+1=8 56+1=6 3+1=4 7+1=8 5+1=6 3+1=4 120 60 40

2. Average
interval,
days 15.0 20.0 30.0 15.0 20.0 30.0 1 2 3

3. Effective
rainfall,

nm 370 350 310 285 270 2556 18 156 155

use, mm/day 3.08 2.91 2.58 2.37 2.26 2.12 1.29 1.29 1.29
mm 401 401 401 401 401 401 401 401 401

evaporation, 3.34 3.34 3.34 3.34 3.34 3.34 3.34 3.34 3.3

8. ET/FE 0.2 0.87 0.77 0.70 0.67 0.63 0.38 0.38 0.38

* Common irrigation applied at the time of transplanting of tomato
seedlings. '
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Table 4.8 Total conmmptive use,averege daily conmmptive use, total pan
evaporstion, averege daily psn evaporation and aversge
evapotranspiration rates in irrigation. (1989-80)

Treatments
Parameters IF IF IF IS Is 18 D j1)) iD
5 - 75 100 50 75 100 1 2 3

1. No. of x 3 * x - 3 L
irrigations 8+1=9 5+1=6 4+1=5 8+1=9 5&+1=6 4+1=5 120 60 40

2. Average
interval,
days 13 20 24 13 20 24 1 2 3

3. Effective
raj.nfall:
mm 5.6 5.5 5.5 5.5 5.6 5.5 5.5 5.5 5.5

m 395 375 325 204 283 266 180 180 180

use, mm/day 3.29 3.12 2.70 2.45 2.36 2.21 1.50 1.50 1.50

nm 461 461 461 461 461 461 461 461 461

" daily pen 3.84 3.84 3.84 3.84 3.84 3.84 3.84 3.84 3.84

8. EI/FE 0.85 0.81 0.70 0.63 0.61 0.57 0.39 0.38 0.38

* Irrigation applied at the time of transplanting of tomato seedlings.
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flow in saturated solids as msny reviews of this topics are available
( Philip, 1957, Philip and de Vries, 1967).

The consumptive use in the case of drip irrigation was 155 wm
which was equal for all treatment (Table 4.5 and 4.6). The irrigation
treatments of IF and IS were considered for optimal conswmptive use on
the basis of higlsngat yie?g obtained. The yleld obtained which was 2.4 and
1.8 times for IF and IS more respectively as compared to drip
irrigation. Averagasgaily casngtmtive use showed similar trend. There is
a vast difference between the values of average dally consumptive use of
surface irrigation and drip irrigation treatments. These values were 2 to
2.5 times more than the furrow and sprinkler irrigation treatments.
Similar trends were recorded in the case of ET/PE ratic for both the
years.

4.3.2 Vater use efficiency

The consumptive use efficiency and water saving under
different irrigation treatments are ,pmsentaed in Table 4.7. The water use
efficiency values were highest in (cheease of drip irrigation systems,
exhibiting the range of 298.0 to 29.9 Kg/ha-mm for the year 1988-89 and
21.7 to 22.7 Kg/ha-mm in the year 1989-80. In general, the water use
efficiency in the year 1989-90 was relatively less as compared to firsﬁ
year values. This is attributed to high consumptive use and relative low
yvield. The consumptive use efficiency ranged from 9.7 to 9.8 Kg/ha-mm
under furrow irrigation and 12.1 to 14.0 Kg/ha-mm for sprinkler
irrigation treatments. In general/ water use efficiency values in the case
of drip irrigation were 2 to 1; times more than sprinkler and furrow

irrigation treatments.
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Table 4.7 Consumptive use efficiency and relative water savings under
different irrigation treatments for both years of
®

investigation.
Treatments Consumptive Consumptive use _ Water saving,
use, mm efficiency, per cent .
Kg/ha-mm o in &df-
19888-89 1989-90 1988-89 19589-90 1988-89 1988-90
IF 370 3956 9.7 8.2 55.9 65.2
50
IF 350 375 9.7 8.1 55.5 52.8
V£
IF 310 320 9.8 8.5 50.0 43.7
100
IS 285 294 14.0 12.1 45.3 37.1
50
IS 270 283 13.5 11.8 42.3 37.1
75 '
IS 255 261 12.1 10.8 39.2 31.0
100
D 155 180 29.4 22.5 - -
1
ID 155 180 29.9 22.7 - -
2

ID 155 180 29.0 21.7 - -
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On the basis of lowest consumptive use, the comparisons were
made in respect of water savings and percentage water savings mporti:din
Table 4.7. In general, @m was a significant water savimd‘:;o &gl‘n{;

R

maximm extent of 55.9, as compared to furrow and 45.3 per cent in

/
sprinkler irrigation t.reatr.umts. Water saving values were relatively less
in the year 1989-90.
4.4. Assessment of water stress by Infrared Thermometry

Irrigation scheduling methods currently used are soil moisture
measurements, plant measurements and ET models. The role of remote
sensing into these various approaches has been investigated by a number
of workers (Jackson et al. 1977, Clawson and Blad 1882, Hatfield et al.
1980 and Geyser et al. 1980). Evapotranspiration model could be developed
with a leaf area index. A comparison of midday canopy and air
temperature could be used to estimate water requirement. The leaf water
potential is also related to a comparison of crop canopy (Tec) minus air
temperature. These data suggested that remote sensing inputs could be
effactively utilized for evaluating crop stress and irrigation scheduling.

4.4.1 Midday crop canopy temperature, Tc A_

Canopy temperatures were measured before and after irrigation
at 14.30 hours with infrared thermometers and crop canopy temperature
data as influenced by different irrigation treatments of furrow and
aprinkler methods manifesting soil water potential are reported in Fig.
4.14 and 4.15 respectively for the years 1988-89 and 1989-90.

The crop canopy temperature before irrigation was less than
air temperature by 2.1 to 3,200 under IF50, 1.5 to 2.3 under IF75, 0.5 to

o

0.9 C under IF treatments in the year 1988-89. Similar trend was
100
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observed in +the year 1989-90. Crop canopy temperature (Tc) mimas air
temperature (Ta) differences decressed as irrigation prolonged and
available soil moisture in the profile reduced concomitantly. The values
for available soil depletion (MAD) were 0.52, 0.55 and 0.65 before each
irrigation schednled at 50,75 and 100 mm CPE respectively. It is evident
that as the soil moisture become limiting, crop canopy temperatures were
generally high and Tc-Ta difference become zero or positive (Hatfield,
1980). Air texperatures increased slowly from the 48th meteorological
week and were maximom (32.800) at the time of harvest.

Crop canopy temperatures were also recorded after water
application at field capacity as per the furrow treatments and depicted
in Fig. 4.14 and 4.15. It gave an idea of crop canopy temperature
range which existed duaring the each rotation scheduled as per furrow
treatments. It is interesting to note that available moistuare content in
the so0il profile played a major role in ocontrolling crop canopy
temperature, when the crop was rewatered at 100 wm CPE. The Tc~-Ta values
decreased and the canopy was cooler before irrigation temperatures or air
temperature. The differences in the temperatures recorded before
irrigation and after irrigation ranged from 1.0 to 1.400, 1.5 o 1.800
and1.7tol.88:lncaseof50, 75 and 100 mm CPE respectively in furrow
method. A similar trends was recorded in the case of sprinkler irrigation
scheduled at 50, 75 and 100 mm CPE.

Crop canopy temperatures under drip irrigation treatments were
recorded at an equal interval of 50 mm CPE from transplanting and
depicted in Fig. 4.16. Corresponding air temperatures were also measured
and showed for of comparison. It is evident from the figure that crop
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canopy temperatures in ID , ID and ID treatments were almost same with
slight difference of ab;rt. % oC in got.h the years. Initially high
values of crop canopy temperature in the year 1989-90 was attributed to
high aereal .tenperatm:e data. Less temperature differences amrgst the
treatments were due to the lower water potential data maintained by
daily, alternate day and three days water spplication system. On basis c»ft
NIR, the water was applied as per the .treatments. Crop canopy
temperature, (Tc) and air temperature (Ta) difference were found to be
negative.

4.4.2 Alir temperature
Whenever crop canopy temperatures in different irrigation

treatments were recorded, air temperature was also recorded by infrared
thermometar at that time. Air temperature and crop canopy ‘temperature
data are depicted in comparision with furrow and sprinkler irrigation
treatments for the year 1988-89 (Fig. 4.14). Air temperature data as
function of time during both years of investigation showed the
increasing trend from 47th metefological week onwards. Air temperature
was in the range of 28.9 to 32.800 and 28.1 to 31.90(3 from the 47 to 8
meteorological weeks for the years 1988-89 and 1989-90 respectively.

4.4.,.3 CATD (Tc-Ta)

Canopy temperature is simply deducted from air temperature to‘
work out an index which was considered as a substitute for the approach
of scheduling of irrigation on the basis of cumulative pan evaporation.
Data on canopy and air temperature before each irrigation scheduled on
the basis of CPE or specific period in different treatments are reported
in Table 4.8 and 4.9 for the years 1988-89 and 1983-90 respectively.
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The comparison is made for Tc-Ta differences under furrow
and sprinkler irrigation methods at speciﬁed period fixed on the
basis of CPE. However, the comparison was also made at soil moisture
constant of field capacity. The soil moisture was almost at field
capacity in all drip irrigation treatments. The negative differences
were very large in case of drip irrigation treatments i.e. 3.1 to 4.500
(88-89) and 3.5 to 4.500 (89-90) eventhough difference amongst treatments
were meagre. It was totally controlled by uniform SWP(q)S) values existed
during‘ entire crop growth period, under drip irrigation method.
Hatfield (1980) and others explained these concepts and relationship
between Tc-Ta and SWP(}. ) values were manifested either by rainfall or
irrigation. Measurement of crop canopy and air temperatures dJdifferences
(CATD) would be altemative for scheduling irrigations under specified
conditions.

Crop canopy and air temperature differences (CATD) as
influenced by soil water potential levels created by different irrigation
treatments are reported in Table 4.10, for both the years of
experimentation for the purpose of isolation. The mean values of CATD
were -2.81, -1.85 and -0.700 for the irrigation treatments of IF , IF
and 1IF » respectively. There were little differences in CATD vgues 'irfx
mspectooof furrow and sprinkler irrigation methods scheduled at 50, 75
and 100 mm CPE. However, CATD values were slightly different in the
second year under furrow as well as sprinkler irrigation methods
scheduled at 50, 756 and 100 mm CPE values. CATD values were comparatively
less by 0.2 in the first year. The CATD range was much greater in case

of 50 mm CPE treatment than 75 and 100 mm CPE treatments. It is evident



Table 4.8 contd...

o

Days Canopy temperature, C
after
plant IS D ID D
ing 100 1 2 3

Tc Ta CATD Tc Ta CATD Tc Ta CATD Te Ta  CATD

(=) =) (-) (-)

17 - - - - 26.2 29.2 4.0 256.3 29.2 3.9 256.3 29.2 3.9
23 - - - 256.0 29.3 4.3 25.2 29.3 4.1 256.2 29.3 4.1
34 28.0 28.9 0.9 25.3 28.9 3.8 25.5 28.9 3.4 25.8 28.9 3.1
51 - - - 26.8 31.0 4.2 26.8 31.0 4.2 27.0 31.0 4.0
70 39.5 30.3 0.8 26.0 30.3 4.3 26.2 30.3 4.1 26.5 30.2 3.8
78 - - - 27.0 31.0 4.0 27.2 30.0 3.8 27.2 31.0 3.8
85 - - - 27.2 31.2 4.0 27.2 31.2 4.0 27.5 31.2 3.7
98 ~ 30.831.9 1.1 28.0 31.9 3.9 28.2 31.9 3.7 28.5 31.9 3.4
110 - - - 28.2 32.8 4.6 28.2 32.8 4.8 28.5 32.8 4.3

110
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that as the soil moisture became limiting, the daily CATD values were
generally positive. When the crop was watered at 100 mm CPE, the CATD
values decreased and the canopy was cooler than air. The response of the
crop was almost immediate after waterings. In this comnection, it is
interesting to place the zero line of Tc-Ta with the corresponding
available soil moisture depletion level. Hatfield (1981) working with the
wheat, the zero line for Tc-Ta placed at,'the extraction limit of 656 per
cent of the available water and in these data when the water availability
dropped below this point, leaf temperature remained elevated above air
temperature.

The (Tc-Ta) or CATD values of grand mean for the CPE of 50, 75
and 100 mm CPE came to -2.88, -1.96 and —0.62 respectively under furrow
irrigation for tomato crop. The difference in furrow irrigation and
sprinkler irrigation methods are meagre. These CATD values were estimated
before irrigation at the same achievement of the soil moisture constant of
field capacity. Exact quantity of water was estimated and applied to
bring the soil at field capacity. However, relatively more quantity of
water was applied in furrow irrigation system to meet hydraulic demand
for moving water. Hence, soil moisture status under furrow and sprinkler
irrigation methods were almost similar from the point at field capacity
to water application. Idso et al. (1981) and Jackson et al. (1981)
emphasised the need of refinement for the aspect stress degre-day which
could become positive after 656 per cent of the available water depletion.

The CATD values under drip irrigation treatments of ID, ID
and ID are reported in Table 4.10 and 4.11. The mean value of 1CA'['%

3 o) .
recorded at certain time interval was -4.5 C. The s0il moisture



Table 4.9 Crop canopy and alr temperature differences data in relation to s0il moisture
regines created bty different treatmsnts during the crop growth. (1989-80)

Days Corres- Canopy temperature, C
after ponding
plant meteo- IF IF IS IS
ing rologi- % 100 50 75

cal week

Te Ta CATD Te Ta CATD Tc Ta CATD Tc Ta CATD Te Ta CATD
-) (-) (-) (-) (-

11 47 28.5 31.32.8 - - - - - - 28.431.33.3 - - -
17 48 - - - 28.230.3 2.1 - - - - - - 27.5 30.3 2.8
23 49 26.3 28.1 2.8 - - - 27.8 28.1 0.3 24.5 28.1 3.6 - - -
44 51 25.2286.43.2 26.328.4 2.1 - - - 26.028.43.4 26.0 28.4 2.4
61 2 26.4 29.7 3.3 - - - 29.5 29.7 0.2 26.0 29.7 3.7 - - -
68 3 - - - 27.328.2 1.9 - - - - - - 27.1 29.2 2.1
5 4 28.2 30.9 2.7 - - - - - - 27.530.93.4 -~ - -
85 6 27.2 30.2 3.0 27.8 30.2 2.4 29.2 30.2 1.027.0 30.23.2 28.2 30.2 2.0
99 8 28.5 31.3 2.8 - - - = - - 28.031.33.3 - - -
110 9 29.2 31.92.7 30.02 31.91.7 31.231.9 0.7%28.831.93.1 29.0 31.9 2.9




Table 4.9 contd...
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o
Canopy temperature, C

Days
after
planting

IS ID 1D ID

100 1 2 3
Tc Ta CATD Tc Ta CATD Tc Ta CATD Te Ta CATD
(-) (-) (-) )

11 - - - 27.4 31.3 3.9 27.5 31.3 3.8 27.8 31.3 3.5
17 ~ - - 26.3 30.3 4.0 26.5 30.3 3.8 26.8 30.3 3.5
23 27.5 28.1 0.6 24.2 28.1 3.9 24.2 28.4 4.2 24.4 28.1 3.7
44 - - - 24.0 28.4 4.4 24.2 28.4 4.2 24.4 28.4 4.0
61 28.0 29.7 0.7 26.2 29.7 4.5 25.3 29.7 4.4 256.6 29.7 4.1
68 - - - 25.4 29.2 3.8 26.6 29.2 3.6 25.6 29.2 3.6
75 - - - 26.0 30.9 4.9 26.2 30.9 4.7 26.4 30.9 4.5
85 29.5 30.2 0.7 28.3 32.8 4.5 28.3 32.8 4.5 28.5 32.8 4.3
99 - - - 27.4 31.3 3.9 27.6 31.3 3.7 27.7 31.3 3.6
110 31.1 31.90.8 27.8 31.9 4.1 28.0 31.9 3.9 28.0 31.9 3.9
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Table 4.10 Crop canogy and air tewperature differences (Tc-Ta)
before irrigation under furrow and sprinkler irrigation
methods of tomato. (1988-89)

Deys CATD, C

after :

plant  IF IF IF IS IS IS

ing 50 75 100 50 75 100

17 2.9 - - 2.5 - -

23 - 1.5 - - 2.3 -

34 25 - 0.7 -3.0 - -0.5

51 2.1 2.3 - 2.5 1.7 -

70 3.2 - 05 2.9 - 0.3

78 - 2.0 - - -1.8 -

85 2.8 - - 3.1 - -

98 2.8 1.6 0.9 2.5 2.1 0.7

110 -3.4 - - 3.7 - -

Mesn -2.81  -1.85 0.7 -2.88 -1.98 ~0.57
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Table 4.11 Crop canopy and air temperature differences (Tc-Ta)
before irrigation under furrow and sprinkler irrigation
methods of tometo.(1989-90)

(o]

Days CATD, C

after

plant IF IF IF IS IS IS
ing 50 75 100 50 75 100
11 -3.1 - - -3.3 - -
17 - -2.2 - - -2.3 -
23 -2.8 - -0.4 -3.1 - -0.1
41 -3.2 2.1 - ~3.4 -1.8 -
61 -3.3 - -0.5 -3.5 - -0.7
68 - -1.9 - - -2.2 -
75 -2.8 - - -2.9 - -
85 -3.0 -2.0 -0.6 -3.1 -2.4 -0.8
99 2.8 - - -3.1 - -
110 2.7 -1.7 -0.7 2.7 ~-2.4 -0.6
Mean -2.9 -2.0 -0.5 -3.1 2.1 -0.5
Grandﬁ -2.9 -1.9 -0.8 -3.0 -2.0 -0.5
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contents were at field capacity and in the depleted soil moisture was
recouped with in short interval in all treatments.These values were found
to be minimm in case of drip irrigation. The canopy temperature is
related to the rate of transpirations as the energy is utilized for the
evapor«.ation of water. It reduced the temperature of plant under the
treatment of drip irrigation as availability of a water was wore and
there was a every possibility 'of higher transpiration rate which might
have appeared in reducing the canopy temperature (Danbenmire, 1870 and
Gupta, 1988).

4.4.4 Stress degree days (SID)

The values of SDD as influenced by different irrigation
treatments are reported in Table 4.12 for both years. These values are
summed up for fixed period and plotted against different mat:ﬁents have
been depicted in Fig. 4.17. It is true that the stress degree day values
did not decrease +to zero, but it was due to management allowable deficit
level maintained above the critical limit. A similar effect was noted in
the year 1989-90 under same set of treatments. It is observed that Tc-Ta
values were always negative during the said investigation and extent of
available soil moisture was below the critical level under 100 mm CPE
treatment in both surface and sprinkler methods. However, ID treatment
recorded lower SDD (-344) than IF and IS  treatment (—2}3 and -52).
Hatfield (1981) indicated the zggo lines égg Te~Ta at the extraction
limit of 65 per cent of the available water for grain sorghm crop. This
point could not be reach in the present investigation as the crop was

not subjected to severe stress conditions in any of the treatments under

present investigation. However, +the main object of evaluation of CATD
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for +the purpose of scheduling of irrigation was achieved to the maximm
extent.

Stress-degree-days is a Similar concept like CATD which is
worked out from crop canopy and air temperature difference (Tc-Ta)
measured at mid day (Idso et al. 1977). The cumulative value of the SDD
over the entire crop growth period season is known as cumulative stress
degree day (= SDD) and many researchers have tried to relate the £ SDD
to grain yield (Hatfield,1981 and Tripathi et al. 1985). The SDD
values were sumned up for the pex:lod from 23 to 108 days from
planting and are presented in Table 4.12.1It is negatively related to the

Table 4.12 Sxmation of Stress-degree-day as influenced bty
different, soil moisture regimes during crop growth period.

Treatments Z 8D (-) Mean (-)
1988-89 1989-90

IF : 221.5 2056.2 213
50

IF 151.7 178.4 165
75

IF 40.8 49.3 45
100

IS 248.0 279.0 263
50

IS 169.2 189.2 179
75

IS 61.2 43.0 b2
100

ID 348.0 340.0 344
1

ID 355.0 328.0 341
2

ID 330.0 324.0 327
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cumalative stress degree day. These results are similar to that of
Hatfield, (1981) for grain sorgham and Walker and Hatfield (1979) for
kidney beans. However, Walker and Hatfield (1979) had previously shown

that the stress degree days does not indeed r'eiate to water stmgs to
which the crop is subjected. Unfortunately, the water stress range was
little in the present investigation and can be questioned for establ-
ishment of such water use : SDD relationship, as a full project. It
is encourging here that the data available in 9 +treatments grouped
into 4 types i.e. 3 CPE +treatments plus one drip treatment for
1988§1989 and 1989-90 will fit into the population. With this type of
relationship, it 1is reasonable to expect that the stress degree day

approach would provide a method of irrigation scheduling, However, it
is necessary that the time period be expressed in days rather than a
complete phenclogical s"t.age.‘

4.5 Leaf water potential (V)

An attempt was made to establish the relationship between

plant parameters (as dependent variable) and available so0il moisture (as

independent variable) in terms of percentage available moisture in the

root zone. Available soil moisture fluctuation were recorded for 60 cm

s0il profile depth, as influenced by different irrigation treatments.
Afternoon (14.30 hours) leaf water potential (WL) data recorded before
and after each irrigation during the entire crop growth period in case of
furrow and sprinkler methods are reported in Table 4.13 for 1988-89
and 1989-90 respectively. Afternoon IMP values under drip irrigation
on the same date of observation £/IF and IS treatments of furrow

50 50
and sprinkler methods are presented in Table 4.14.
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Table 4.13 Leaf water potential (V.) of a tomato as influenced by
furrow and sprinkler irrigation methods.
g;r Leaf water potential (Y,) - MPa
plant- IF IF IF IS 1S IS
ing 50 75 100 50 75 100
BI Al BI AL BI Al  BI Al BI Al BI AL
17 1.09 0.95 - oo B om0 - - - -
23 - - 1.14 1.00 - - - - 0.11 09 - -
34 1.15 1.00 - - 1.24 1.111.12 0.98 - - 1.22 1.08
51 1.21 1.08 1.30 1.16 - - 1.20 1.04 1.27 1.10 - -
70 1.29 1.16 - - 1.46 1.301.26 1.09 - - 1.40 1.256
78 - - 1.38 1.22 - - - - 134 117 - -
85 1.36 1.22 - - - - - - 1.30 115 - -
98 1.42 1.25 1.47 1.30 1.59 1.40 1.36 1.19 1.42 1.25 1.54 1.37
110 1.51 1.35 - - - - 144 1286 - - - -
11 1.24 1.10 - - - . e - - - -
17 - - 1.3 122 - - - - 134 112 - -
23 1.33 1.18 - - 142 1.281.27 1.04 - - 1.40 1.25
41 1.40 1.26 1.41 1.26 - - 132 1.17 1.40 1.25 - -
61 1.42 1.27 - - 1.61 1.371.37 1.20 - - 1.49 1.33
68 - - 149 133 - - - - 1.4 130 - -
76 1.44 1.28 - - - - 1.4 1.2 - - - -
85 1.49 1.32 1.57 1.40 1.68 1.51 1.47 1.22 1.53 1.35 1.60 1.43
99 1.52 1.365 - - - - 1501384 - - - -
108 1.57 1.40 1.69 1.51 1.76 1.581.531.35 1.64 1.45 1.74 1.56

BI = Before irrigation, Al = After irrigation
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Table 4.14 Leaf water potential (V¥,) of tomato as influsnced Ly
different soil moisture regime under drip irrigation

Days after Leaf water potential, (Vﬁ_)— MPa
planting
D D D
1 2 3
BI AT BI AT BI AT
1088-89
17 0.91 0.8 0.91 0.86  0.93 0.87
23 1.00  0.95 1.0 0.97  1.07 0.98
34 1.06 1.00 1.08 1.00  1.09 1.02
51 1.10  1.05 1.12 1.96  1.14 0.07
70 113 1.08 1.15 1.0  1.16 1.10
85 121 1.13 1.23 1.14  1.24 1.15
98 1.26 1.18 1.26 1.17 127 1.18
110 1.30  1.20 1.30 121 1.31 1.22
11 Lol 098 teas 100 1.10 1.02
17 1.06 1.00 1.10 1.01 1.13 1.04
23 1.10  1.05 1.16 1.07 1.17  1.08
a1 1.12  1.07 1.19 1.08 1.20 1.10
61 117 1.12 1.22 1.13 1.23 1.16
68 1.20 1.14 1.25 1.15 1.26 1.17
75 122 1.17 1.27 1.19 1.29 1.20
85 1.26 1.19 1.29 1.20 1.30 1.25
99 1.31  1.24 1.32 1.25 1.34 1.27

110 1.36 1.26 1.38 1.27 1.40 1.28
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The variation in afternoon leaf water potential at two extreme
levels of moisture during the critical growth stages of crop coupled with
irrigation were govermed by environmental and plant resistances.
Afternoon LWP value of -1.01 MPa was decreased to -1.51 MPa before
irrigation however it decreased from -0.95 (first irrigation) to -1.3 MPa
(last irrigation) at field capacity (after irrigation) wnder furrow
irrigation scheduled at 50 mm CPE. It gave highest frequency of 7
irrigations during entire crop growth period. The differences of LWP
values between the period of after irrigation and before irrigation were
almost similar at all irrigations. Similar trends were recorded under Ili'7
and IF,, treatments as well as under sprinkler irrigation treatments.
1{}, These inferences were confirmed by the second year study.

The range of I[WP under furrow and sprinkler irrigation
treatments was also indicated that there was consistency in plant
behaviours as irﬁluamd by environmental as well as plant factors.
Eventhough, there was uniform trend of [WP but LWP values in second year
crop were relatively low as compared to first year under similar set of
soil moisture regimes. Partionlarly under soil moisture stress conditions
the LWP values had increased to -1.57 and -1.54 MPa for the treatments of
IF and IS respectively. As soil water potential decreases or soil
leelagoresistanclzgoincreases, the leaf water potential (1/; ) should become
more negative. A number of environmental factors including the air and
soil temeprature, absolute relative humidity, and soil water availability
are known to influence LWP (Nagararao, 1984). Besides the environmental
and soil parameters, plant resistance are also important (Weatherley,
1976). The basic driving force for both liquid and vapour movements is

the differences in water potential. However, liquid flow is directly
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proportional to the gradient in water potential while vapour flow is not
but it is proportional to the vapour pressure gradient.

The variation in LWP before and after water applications was
minimm under drip system in all treatments at partiocular period of
observations. There was hardly differences of -0.1 to -0.2 MPa umder
drip system (Table 4.14). However, leaf water potential (/. ) values
decreased as vegetative growth of plant increased during the crop growth
period. Initial values of LWP (about -1.0 MPa) decreased to -1.30 MPa at
maturity. This was attributed to the frequent water application and
maintaining steady soil water potential at field capacity level. The
critical values of were the vegetative stage of wheat at higher water
potential but stomatal opening was ensured during reproductive stage at
lower total water potential (Teare et al. 1974).

Several workers have reported that scheduling of irrigations
using plant based measurements are likely to lead to increased water use
efficiency (Stegman et al. 1976). Hiler et al. (1974) have shown that
irrigation water can be used more efficiently if plant water to base need
for irrigation. Teare et al. (1974) stated that ideally the plant should
signal when to irrigate and soil should indicate how much water to apply.

However, recognizing the highly dynamic nature of plant water
status data on several aspects have to be obtained to determine the
“critical values" of plant factors when the yield is affected, which may
be used to indicate the need for irrigation. If one is able to relate the
IWP to the SWP and the transpiration rate and stomatal resistance to the

INP ( the IMP at which stomatal closure occurs) the estimation of IWP
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becomes a possible aid in irrigation scheduling (Nagarajarao and Mallick,
1989).

4.6 Crop growth modelling

The crop water index such as crop canopy air temperature
difference, SDD and leaf water potential closely paralleled the removal
of water from the root zone. These results suggest that remote sensing
input into irrigation schedulling would be feasible and practical. The
data on canopy temperature and LWP obtained to evaluate them as indices
for water stress, for tomato grown under different levels of water input
are to be utilized in developing growth under different levels of water
growth and yield mwodels in conjuction with other parameters. The
regression equations between LAl and vegetative indices as well as yield
and consumptive use of tomato crop are discussed.

4.6.1 CATD and LWP relationship

The crop canopy-air temperature difference and LWP relationship
existed between the period of two irrigations under different soil
moisture regimes created due to treatments under furrow, sprinkler and
drip methods are graphically shown in Fig.4.18. A comparison of the
regression coefficient for CATD and IWP showed the linear relationship.
The zero line of Tc-Ta is placed at the specific IWP but it did not reach
the zero limit in the present investigation as the crop was not subjected
to the severe moisture stress. However, large range of CATD (-3.65 to
~1.55) was recorded when LWP values were fluctuated between -1.0 to -1.6
MPa As the IWP decreased, the values of CATD increased from negative
towards zero, and linear relationship is significant. Ehrler et al.
(1978) obtained a linear relationship between plant water potential

o
and CATD upto about -5 C. Further the values of CATD increased slightly
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with decrease in plant water potential. However, Jackson (1982) concluded
that canopy te(@eramre would be better weasurement or indicator of plant
water stress at least during the early stages of stress. The reason was
indicated about the relationship of transpiration rate and leaf
temperature. As water becomes limiting the transpiration is reduced and
leaf temperature increased exhibiting certain relationship. The fit is
extremely good with the largest deviation at very low [WP where the
problems in attaining a good measurement are difficult. Hatfield et al.
(1980) reported that as soon as the leaf becomes warmer than air, the
leaf water potential decreases below -11 bars. In that investigation the
values below +this potential have been used as indicative of water
stress with prolonged exposure to this level of stress. These data
suggest that days with leaf temperature above that of air wonld be an
indicative of stress but should provide a test of the crop stress
approach suggested by Idso et al. (1981). As the LWP decreased the CATD
values increased from negative to positive side.

4.6.2 Soil Water Potential (Ys) and leaf water potential (/| )
relationship.

Leaf water potential (Y,) is dependent on soil moisture
content and stomatal resistance as indicated by transpiration rate. The
regression coefficient was worked out between these two parameters and
the relationship is depicted in Fig. 4.19. Usually increase in the values
of SWP had resulted into increase in leaf water potential. The values of
INP at different critical crop growth stages as well as during the
different irrigation rotation cycles.It is true that the values of IWP at
field capacity stage followed by irrigation did not change. At early

stages IWP at field capacity status were comparatively less as compared
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to grand growth and maturity critical stages. This was mainly due to
physiology and stomatal resistance of the plant. Stegman et al.(1976)
suggested that LIWP sensitivity to available moisture depends upon the
hydrualic properties of the soils. Nagarajrao (1984) reported that +there
is a progressive development of stress after sun-rise and at 1400 hours.
This induces a greater change in [WP per unit change in relative
hmidity. Both available soil moisture and relative lumidity
significantly influenced IWP independent of each other.

4.6.3 Stress-degree-day,consumptive use and yield of tomato

The relationship between the water use under different
irrigation treatments and summation of stress degree day is given in Fig.
4.20. Similarly the yield of tomato was also correlated to the summation
of stress degree day and depicted in Fig. 4.21.It is interesting to note
that water use and yield of tomato are negatively related to the
accamlation of the stress degree day. Walker and Haf.field (1979) has
previously shown that the relationship of CU v/s > SDD represents a
general confirmation that the stress-degree-dsy does indeed relate to
water stress to which the crop is subjected. Nagarajrac (1984) reported
the encouraging data fit into the same population. With +this type of
relationship it is reasonable to accept the stress degree day approach to
provide a method of irrigation scheduling, however, it is necessary that
the time period be expressed in days rather than a complete phenological
stage. Therefore effept was made to develop a relationship between the
stress degree day and water use of a tomato for development of approach
for scheduling ofirrigations. In the present investigation, yield of

tomato v/s E 'SDD relationship was found to decreased the yield of tomato



400

350

300

250

200

150

137

-
® Furrow
® Sprinkler o
A Drip
)
()
®
®
®
MA
350 300 250 200 150 100 50
sSDD (-)

Fig.4-20 Soil moisture use and summation of Stress
Degree- Days tor tomato crop (Poled mean)

/



, Yt/ ha

YIELD

40-95

39-05

3715

3525

33-35

31:45

29-55

2765

25-75

138

yield = 27-6 - 0-038 =SDD {-)

¥

T

T

T

)

¥

\

1 1

1 } i 1
350 300 250 200 150 -100 50 0
=sDD (-)

Fig. £-21. Yield of tomato {+/ha) vs summation of stress degre
days.



139
was also decreased linearly.

Maximim negative value of SDD for the entire crop growth
period was found to be -40.9. Even the pooled data (in all respects) also
showed significant relationship. The observations were taken from grand
growth (30 days) to 50 per cent flower initiation in all treatments but
summation of ©SDD was considered for the entire crop growth period.
Nagarajrao (1984) considered the relative hamidity and the regression
coefficient for relative humidity ranged from 1.38 to 6.80 which may be
due to the wider variation recorded in the RH values. Stegman et al.
(1976) have indicated that relating plant water stress development to
variables indicative of prevailing atmospheric environment will enable
scheduling of irrigation. In the future investigation further critical
evaluation needs to be on the basis of requisite irrigation period.

Similarly leaf water potetial (Qﬁ/ ) versus per cent available
soil moisture remaining in the root zone relationship is shown in Fig.
4.22. The regression coefficient for ASM were approximately of the same
order in all cases. Nagarajrao (1984) reported the regression coefficient
of the order of 3.82 to 5.38. Very interesting data on correlation
coefficient for relationship between LWP and per cent ASM remaining in
the root zone and per cent humidity above crop canopy (RH) of a wheat are
reported by Nagarajrao (1984).

Different mathematical equations based on the soil water, plant,
atmospheric parameters, yield contributing and quality parameters are

presented in Tables 4.15 to 4.16.
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Table 4.15 Different mathematical equations of different variables
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Sr. No. Equation R~
1 Y = -7.156 -3.5 [IWP 0.52
Where, Y = CATD , oC (-)
IWP = Leaf water potential, -MPa
2 Y=-~1.0+4.41 GSWP 0.72
Where, Y = Lleaf water potential, -MPa
SWP = Soil water potential, -MPa
3 Y = 27.65 - 0.038 SDD (-) 0.81
Where, Y = Yield, t/ha
SDD= Cumlative stress degree days
4 Y = 50.9 - 0.053 CU 0.84
Where Y = Yield, t/ha
Cu = Consumptive use, mm
5 Y = 0.64 + 0.011 DAP 0.57
Where Y = Leaf area index
DAP = Days after planting
6 Y =0.90 + 0.014 DM 0.78
Where Y = Leaf area index
DM = Dry matter per plant, g.
7 Y = 27.0 + 0.34 DAP 0.84
Where Y = Dry matter per plant ,g.
DAP = Days after planting
8 Y = -1.93 + 0.0067 ASM 0.61

Where Y = Leaf water potential, - MPa

ASM= Available soil moisture content, per cent

N= No. of observations,18



Table 4.16 Different mathematical equations based on the yield

contributing and quality parameters.
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Sr. No. Equation R

1 2 3

1. Y = 91.43 -1.04 X 0.98
Y = Yield of tomato, t/ha
X = Days for 50% flowering

2. Y = 5.13+0.76 X 0.97
X = Weight of fruit, g.

3. Y=-7.22+0.82X 0.96
X = Volume of a fruit, ml.

4. Y = 1.98+0.65X 0.97
X = Number of fruits per plant

5. Y = -240.31 + 63.13 X 0.94
X = pH of a juice.

6. Y = 363.00 - 75.36 X 0.96
X = Total soluble solids, O brix.

7 Y = -29.08 + 0.88 X 0.95
X = Juice percentage of tomato.

8. Y = 130.68 - 113.63 X 0.96
X = Total acidity per cent.

9. Y = -7.91 +0.60X 0.97
X = Weight of a shoot, g.

10. Y = 9.70+2.056X 0.99

X = Weight of root, g.
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Table 4.18 contd......

11.

12.

13.

14.

15.

16.

X

= 19.13 + 1.37 X 0.98

= Number of branches per plant.

o O s W

= -8.83+ 0.60 X 0.93

Height of a plant, cm.

= -6.97 + 0.81 X 0.98

-2
Leaf area, dm.

0.6+ 0.61 X+ 0.32 X -0.12X 0.98
Weight of a fruit,g. ? 3

Volume of a fruit,ml.

Number of fruits per plant.

37.18 + 0.56 X + 1.65 X + 0.0042 X - 0.54 X 0.92
Number of branches per glant. ] *
Height of a plant, cm.

-2
Leaf area, dm

-99.14 + 0.57 X - 0.41 X + 0.94 X - 33.31 X
2 3 4

~-7.78 X - 0.80X + 41.56 X . 0.95
5 6 7

Weight of a fruit,g.

Volume of a fruit,ml

Number of a fruits per plant

= pH of juice

Total soluble solids of tomato.

Juice percentage.
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Table 4.16 contd.....

2
Equation R
X = Total acidity of tomato.
7
17. Y = -7T.20+ 0.0668 X + 0.72 X 0.98

2
X = Weight of a fruit,g.

X = Volure of a fruit,ml.
2

Equation 1 to 17 are siginificant at .05 level, *x
N = No. of observations, 18

4.7 Crop Growth-Yield
4.7.1 Plant growth parameters
4.7.1.1 Height of plant _

The plant height was recorded on 70th day and data are
depicted in Fig. 4.23. Sc0il moisture regimes created in furrow and
sprinkler irrigation under 50, 75 and 100 mm CPE were almost uniform in
nature, Hence plant height as influenced by different CPE treatments was
almost similar. However, sprinkler methed is superior than surface-furrow
method. Probably this could be due to complete saturation and oxygen
stress during the period from water application to field capacity under
furrow irrigation.

Amongst the irrigation treatments scheduled on the basis of
50 mm CPE treatment significantly increased the plant height upto 70.2Z2,
and 72.4 cm at 70th day after planting under sprinkler and furrow methods
respectively. The mean plant height under ID treatment of drip
irrigation was highest amongst all treatments. '%’hese finding are in

confirmity with the results of Bernstein and Francois (1973)., Bafana

(1988) and Naphade (1889).
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4.7.1.2 Number of branches per plant

The data ’pertaining to the mean mumber of branches as
influenced by wvarious treatments are graphically shown in Fig.4.24 In
general, it 1is revealed that there was an increase in the mmber of
branches with higher soil moisture regime. Amongst the irrigation
treatments scheduled at different CPE,the mean mumber of branches of 13.9
and 11.9 per plant at 70th days after planting were recorded respectively
for sprinkler and furrow methods.

Amongst all treatments ID treatment recorded the highest
number of branches per plant duriig both years. The drip irrigation
method was found to be superior than sprinkler and furrow irrigation
methods. Irrigations scheduled at 100 mm CPE in surface, furrow and
sprinkler methods had resulted into decline of management allowable
deficit level causing moisture stress. It is the usual trend and is in
agreement with several research workers.
4.7.1.3 Leaf area per plant
The data on leaf area per plant as influenced by different
treatments are presented in Table.4.17 and 4.18 The mean leaf area per plant
recorded at all intervals was found to be significantly influenced by the
various irrigation treatments. The treatment of alternate day drip
irrigation (ID ) recorded the maximum leaf area per plant of 113.4 and
110.3 dx;z respzctively for the years 1988-89 and 1989-90 and was
found to be significantly superior to the rest of treatments. Similar
observations were also recorded by (Gamayan,1980 and Naphade, 1989).
4.7.1.4 Leaf area index
The data on leaf area index are graphically shown in Fig. 4.26

and 4.26.The leaf area index per plant was highest (3.15 and 2.81) under
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Table 4.17.
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Leaf area of tomato as influenced by diferent soil

moisture regimes during crop gowth. (1988-89)

-2
Treatments Leaf area/plant, dm
Crop days
30 60 90 At harvest
IF 19.0 50.1 78.5 46 .4
50
IF 18.5 47.3 75.1 44.2
75
IF 17.3 45.2 69.0 41.9
100
IS5 20.3 52.3 81.3 48.1
50
IS 19.4 43 .7 77.1 46.2
75
1S 18.6 ‘ 47.8 69.2 44.1
100
1D 22.3 58.1 100.3 52.1
1
ID 23.1 58.3 101.3 52.8
2
D 22.1 57.9 98.9 51.9
3
Trial mean 20.1 51.8 83.4 47.5
S.E. + 0.6 0.5 0.6 0.6
CD at 0.05 1.7 1.6 1.8 1.7
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Table 4.18. Leaf area of tomato as influenced by diferent soil
moisture regimes during crop gowth. (1989-90)

-2
Treatments Leaf area/plant, dm
Crop days

30 60 20 Atharvest

IF 20.2 59.4 88.2 52.1
50

IF 19.7 57.2 82.6 49 .4

75 :
IF 18.3 - Bb.3 76.5 47 .4
100

Is 21.3 61.2 92.4 5.3
50

) 2007 . 59.0 86.3 52.2
75

15 19.3 57.4 80.5 48 .5
100

1D 24.1 ' 64.3 109.1 61.1
1

D 24.9 64.7 113.4 62.2
2

1D 24.0 64.0 108.5 61.3
3

Trial mean 21.4 60.3 93.0 54.3

S.E. + 1.1 0.5 0.6 0.5

CD at 0.05 3.3 1.7 1.9 1.8
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drip irrigation (ID ) on 90 th days after planting during both the years
and was found to bz significantly superior to that of furrow and sprinkler
irrigation treatments. The lowest leaf area index was recorded in IF
treainemt. during both the years. Similar observations were valséoo
reported by Chaudhary (1988) and Naphade (1989).

4.7.1.5 Dry matter content per plant

The data regarding dry matter content per plant as influenced
by the various treatwents are depicted in Fig. 4.27 and 4.28.The dry
matter was recorded at an interval of 30 days. The maximam dry matter
content. of 98.4 and 89.7 gm was found on 90th day after planting under
ID treatment respectively during the years 1988-89 and 1989-80. After 90
dass, the dry matter content of all the treatments decreased. This might
be due to the dropping of matured leaves. The similar trend was also

reported by Chaudhary, (1988).

The plant maintains a turgid condition during the day time
under drip irrigation as compared to sprinkler and furroﬁ irrigation.
There 1is a posibility of wide opening of stomata for longer period which
might have resulted into high exchange of gases. Similarly, leaves might
have remained turgid and produced more leaf surface. Thus, it helps in
absorption of more light and solar radiation. It has resulted into higher
rate of photosynthesis and increased the photosynthetic capacity which
ultimately might have resulted into higher dry matter accumulation in the
plants (Daubenmire 1970 and Gupta, 1988).

4.7.1.6 Bumber of days for 50 per cent flowering

The data on mean number of days required for 50 per cent

flowering are presented in Table 4.19 .The data revealed that the

number of days for 50 per cent flowering was significantly influenced



9

DRY MATTER PER PLANT,

153

1001 FURROW 1988-89
—0— IfF gp
8O- - IF o

—x— IF 100

60r
L0k
'20 ! I 1 1
100r SPRINKLER
-0 IS
80} >0
D~ IS Va3
~%— 1S
60k 100
4LOF
20
10071
80F
60
4 OF
20 3 i ' N 1 4
0 30 60 90 120

Nov. Jan .. March
DAYS AFTER PLANTING

Fig. 427 Dry matter accumulation of plant
as influenced by different soil
moisture regime. (1988-89)



DRY MATTER PER PLANT, g

154

1oor FURROW 1989- 90
80t — IF75
== IFygp
60F
40F X
i
20k 2 . . y
‘OT SPRINKLER
—0O— IS 50
80r —A— IS 75,
= 1S4g0
60F
4 OF
20
100r
8 OF
60F
4 OF
20l
0

DAYS AFTER PLANTING

Fig.428. Dry matter accumulation of a plant as
influenced by different soil moisture
regime (1989 -90)



155

Table 4.19. Days for 50 per cent flowering of tomato crop as influenced
by different soil moisture regimes.

Treatments . Days for 50 per cent flowering
1988-89 1989-90 Pooled

IF 54.6 53.5 54.0
50

IF b5.6 55.6 55.6
75

IF £9.0 58.4 58.7
100

18 52.3 50.3 51.3
50

IS 55.0 52.4 53.7
75

Is 57.0 55.6 56.3
100

ID 47.3 45.2 46.3
1

D 47.0 43.1 45.5
2

ID 43.3 44.3 46.8
3

Trial mean 53.1 50.9 46.8

SE + 0.94 0.92 0.90

CD at 0.05 2.75 2.76 1.86
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due to the different treatments. The alternate day drip (IDZ) irrigation
required least period (47 and 43 days). Amongst the treatment IF]_OO
took maximam period (59 and 58 days) in both the seasons. It is also
interesting to note that the period required for 50 per cent flowering
varied between 59 in the lowest irrigation regiwe (IF )} and 47 days in
the highest irrigation regime (ID ). These observatiox}ngoare in confirmity
with those reported by Naphade, (1389) .

4.7.1.7 Root and shoot biomess

The roots of tagged plants under each treatwent were carefully
collected, dried, weighed and the data on root weight, shoot weight and
root : shoot ratio are reported in Table 4.20. Root weight data indicated
that the irrigation treatment did not influence their. weight. Probably
this may be attributed to the methodology in extraction of roots in Black
cotton soil. However, shoot weight data reported in the said table
revealed that irrigation treatwents had strong influence over shoot
biomass. Shoot weight was maximmm under ID treatment which was on par
with ID and ID and significantly superiof' over rest of furrow and
sprinklerlirrigaiion treatments. From the data pooled for two years it
could be included that ID tretament increased the shoot biomass to the
extent of 14.7 per cent arzld 19.4 per cent over IF and IS treatments.
It mweans that soil water plant relationship \%xgger drigo system was
excellent which resulted into prodaction of m=diman biomass. These
observations are in confirmity with those reported by Bafana (1988). The

ratio of root and shoot biomass was considered as influenced by

irrigation and reported in Table 4.20. The roots were increased
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Table 4.20. Root, shoot weight and their ratio as influenced by different
soll moisture vregimes after harvest of the tomato crop.

Treatments Root weight, Shoot weight, Root/shoot,
g/plant, ratio
IF 12.08 71.85 0.16
.50
IF 11.29 68.50 0.16
75
IF 10.06 64.60 0.15
100
15 13.53 74.40 0.18
50
I8 12.39 £69.35 0.17
75
I5 11.23 67.20 0.16
100
D . 16.26 84.90 0.19
1
1D 16.52 85.55 0.19
2
ID 16.21 85.00 0.19
3
Trial mean (X) 13.28 74.62 G6.17
SE + 0.39 0.81 0.007
CD at 0.05 1.30 2.31 0.018
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significantly under the irrigation treatwents of IF and IS which
had imposed the soil moistare stress conditions. I’i,ogs evidentm'(t),hat
roots are moving in search of woisture within the profile (Kramer, 1879).
Even under stress conditions, the root weight were not reduced to the
extent of shoot reduction. The rest of the treatments are on par with
each other including drip irrigation where soil moisture status was
maintained to the level of fieid capacity throughout its growing period.
However, significant differences were recorded between the treatuents of
IF and IS as well as IF and IS .The ratio had increased significantly
50 50 (6] 75
under drip irrigation treatments over sprinkler amd furrow irrigation
methods . Similar observations were reported }by Bafana (1988), Hegde and
Srinivas, (1983).
4.7.2 Yield contributing perameters
4.7.2.1 BNumber of fruits

The data pertaining to mean number of fruits per plant on
T0th days after plan£ing are graphically shown in Fig. 4.29.The treatment
of alternate day drip irrigation (ID ) produced the highest number of
fruits per plant (70 and 62) in bothzt.he seasons. The pooled mean also
differed significantly showing almost similar trend. Pill and Lambeth
(1980) reported that the decrease in so0il water potential reduced the
fruit set and number of fruits in tomato. Similar results were also
reported by Bafana (1988) and Naphade (1989).

4.7.2.2 Weight of fruits

The data pertaining to mean weight of fruits as influenced by

different treatments are graphically shown in Fig. 4.30.The treatment of

(ID ) recorded the highest fruit weight of 52.0 and 53.0 gm during the
2
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year 1988-89 and 13989-30, respectively. Available soil moisture content
" under drip irrigation treatments remained at about F.C. which had resua-
lted into excellent SPAC conditions.Treatment ID had slightly superior
over ID and ID . Saturation (air stress)and misi.lre stress had adverse
effect in planz growth (Sivanappan,et al 1987).Almost similar trend
was observed in the pooled mean weight of fruit. A reduction in fruit
weight in IF  treatment (high moisture stress conditions) could be
attributed 123 the process of photosynthetic activity. The similar
observation were reported by Vanadia et al. (1982). Bafana, (1988) and
Naphade (1989). Vanadia et al. (1982) obtained increased fruit size from
the plants frequently irrigated at an interval of &5 to 9 days. Pill and
Lambeth (1980) obtained reduced average weight of tomato fruit with t.he
decrease in soil water potential.
4.7.2.3 Volume of a individual fruit

The data pertaining to the volume of a fruit are graphically
shown in Fig.4.31.The irrigation of alternate day drip (ID ) irrigation
produced the highest volume of 63.5 ml in the year 1988—892and 63.4 ml
during the year 1989-90. The 100 o CPE (IF ) uander furrow irrigation
recorded the volume 45.5 and 46.3 ml respectggely during the years 1988-
89 and 1989—90._ Similar trend was observed in the pooled analysis. These
findings are in line with those reported by Vanadia et al. (1982).
and Bafana (1988).

4.7.3 Yield

The data on fresh marketable tomato fruit yields as influenced

by different methods of irrigation are presented in Table 4.21 and

graphically shown in Fig.4.31. The comparison of the means revealed
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that vields of tomato fraits were significantly affected due to the drip
irrigation during both the vears and consequently in pooled analysis.

The yield data clearly indicate that the treatment of a
alternate day of irrigation (ID ) was given highest yield which was
significantly superior over the tf'eatments of Huarrow and sprinkler irri-
gation. However yields of remaining two treatments (ID and ID ) were on
par with the ID treatment. Similar trend was observedlin secoid yvear of
investigation. }2&11 nine treatments could be grouped into surface furrow

(IF , IF , and IF ), sprinkler (IS ,I6 ,IS ) and drip ( ID ,
50 175 100 50 7% 100 1

ID and ID ) irrigation methods. Yield levels in all treatment in séc—
ondzyear wef‘e relatively low. It might be due to the climatic and manag-
ement variable which were less favourable. Minimumr yields under IF
and IS treatments were mainly attributed to moisture stress si‘matitlago
arisenlgge to delayed irrigation and depletion of ASM contents.

It is also interesting to note the soil é.nvimmnent created at
the time of water application due to surface furrow and sprinkler irri-
gation methods.The low water application rate (2.5 cm/hr) and repleni-
shment of depleted ASM- in sprinkler irrigation methods had certainly
helped in bringing the soil profile under field capacity condition
without driving out complete air. The maintenance of aeration status
during the course of irrigation through sprinkler irrigation.The inc-
rease in the &ield due to superimposition of sprinkler treatments was
to the extent of 9.6, 9.4 and 9.8 per cent under IS5 , IS and IS

50 5 100
respectively over IF |, IF  and IF treatments.
50 75 100
Increase in the yield under drip system was also compared with

CPE treatmwents of 50, 756 and 100 mm of furrow and sprinkler methods. The
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Table 4.21 Yield of a tomato as influenced by different soil moisture

regimes. (t/ha)
Treatments Yield, t/ha
1988-89 1989-30 Pooled
IF 36.38 32.20 34.29
50
IF 34.00 30.03 32.01
75
IF ' 30.45 27.23 28.84
100
Is 40.01 35.16 37.58
50
Is 36.50 32.06 34.28
75
Is 31.10 28.20 29.65
100
ID 45.63 40.60 43.16
1
D 46.66 40.90 43.78
2
1D 45 .20 40.16 42 .68
3
Trial mean . 38.43 34.06 36.24
SE + 0.64 0.57 0.53

CD at 0.05 1.76 1.69 1.51
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vield wnder ID was compared with IS , IS and IS and increase of
2 50 75 100

16.5, 24.3 and 3.7 per cent was recorded respectively. When it was
compared with IF , IF and IF ,the increase in yield were , 27.7,
50 75 100
36.8 and 43.9 per cent respectively.Naturally benifits are two folds in
addition to fertilizer saving which has not been considered here. "0°
Dell (1983) reported 40 per cent higher tomato yield under drip irri-
gation than other methods. Similar results were also obtained by
Torantino and Rubino (1982). Meek et al. (1983) also reported the
increase in yield of tomato due to drip irrigation and the reason for
such increase was mainly due to more precise control for maintaining the
matric potential in the desirable range than the flood irrigation.
Subbararrma Reddy and Dakshinarmarti (1978) reasoned that flood irrigation
not only results in wastage of water by percolation below the root zone,
but also sets a chain undesirable reactions such.as leaching of available
plant matrients beyond the root zone, and consequently development of
soil problems of poor meration resulting “m meagre crop yields. The pion-
eering type of work on drip irrigation in comparison with surface furrow
and ridges layout was carried out by Savanappan et al., (1987) and
Karmarkar (1985). ‘
4.7.4. Quality of tomato fruits
4.7.4.1. Juice and T.S.S.

The quality of fresh marketable tomato fruits is determined on the
hasis of juice, total soluble solids (TSS), pH and acidity as influenced
by irrigation. The data on juice percentage and TSS treatwent are
presented in Table 4.22. As that of yield contributing charactrs,these

two parameters indicating the quality represented the differences due to

irrigation treatment. The alternate day drip irrigation treatwent was



Table 4.22 Juice percentage and TSS (brix) of tomato as influenced by

different, soil moisture regimes.
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Treatment Juice percentage Total soluble solids
1988-89 1989-90 Pooled 1988-89  1989-90 Pooled
mean weighted
mean

IF 3. 1. 72.3 38 4.35 4.36
50

IF 72. 71. 71, .40 .39 4.39
75

iF 69. 69. 69. .43 42 4.42
100

15 75. 73. 74. .33 .30 4.30
50 '

1s 72. 71. 71. .36 .34 4.34
75

1S 70. 70. 70. .40 .37 4.37
100

iD 84, 81. 82. .25 .24 4.24
1

1D 84. 82. 83. .28 .23 4.23
2

1D 83. 80. 81. .30 .28 4.28
3

Trial mean 76. 74. 75. .34 4.32 4.32

SE + 1.4 1. 0. 0.14 N.5. N.S.

CD at0.05 4.3 3. 2. 0.43
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signigicantly superior over furrow (IF) and sprinkler (IS) treatment
and on par with ID and ID treatments. While making comparison with
irrigation method;,viz.fgrmw,sprirﬂ{ler and drip methods,it was clearly
seen that juice percentage in drip methods increased to about 11 to 15

per cent for furrow and 9 to 14 per cent for sprinkler irrigation methods.
Studies on juice extraction percentage showed that 72.3 percent
Jjuice is available in tomato fruits under normal irrigation of ridges and
furrow methods. Drip irrigation has certainly got specific advantage for
quality aspects (Sivanappan et al, 1987).Total soluble solids (TSS) were
also studied inrelation to different irrigation treatments. However, the
said parameter did not influence significantly due to irrigation
treatments.
4.7.4.2. Acidity and pH

Acidity and reaction of juice are important parameters. They
were determined for all irrigation treatments and data on acidity are
presented in Table 4.23.In general higher values for juice percentage,pH
of tomato fru;t, was r}g_t}ced from drip irrigation plots while, per cent
TSS and acidity were  highest in furrow irrigation followed by
sprinkler irrigation. Similar result was reported by Bafana (1988).
Lin et al. (1983) while comparing the quality of fruits under drip
and furrow irrigation did not show appreciable dJdifference in fruit
quality. |
4.8 Correlation

The correlation with different variables were worked out and
presented in Table 4.24.The yield contributing parameters like days for

50 per cent flowering,weight of fruits, volume of a fruits,number of

branches, height, leaf area and yield of a tomato. The quality parameters
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Table 4.23 Total acidity and pH of tomato juice as influenced by
different soil moisture regimes.

Treatwents Total acidity, per cent pH of tomato juice

1988-89 1989-90 Pooled,wt 1988-89 1989-90 Pooled,wt

mean mean

IF 0.84 0.82 0.83 4.30 4.28 4.28
50

IF 0.87 0.86 0.86 4.25 4.26 4.25
75

IF 0.89 0.87 0.88 4.20 4.21 4.20
100 -

Is 0.82 0.80 0.81 4.35 4.35 4.35
50

IS5 0.84 0.82 0.83 4.30 4.32 4.31
75

I8 0.87 0.85 0.86 4.26 4.28 4.27
100

D 0.77 0.75 0.76 - 4.40 4.43 4.42
1 _

D 0.79 0.74 0.78 4.45 4.42 4. 42
2

ID 0.78 0.76 0.77 4.35 4.38 4.37
3

Trial mean 0.83 0.80 0.82 4.31 4 .32 4,31

SE + 0.013 - - 0.075 - -

CD at 0.05 0.037 N.S. N.S. 0.219 N.S. N.S.
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Table 4.22. Correlation studies.

Sr. Variables 50 per Fruit Fruit Yield, Jduice, Root Shoot Root/ Leaf Height,

No. cent weight, number t/ha per weight weight shoot area
flowering E. cent E. g. ratio. ocm
1. Shoot weight -0.98 +0.95 +0.99 +0.88 +0.99 +0.99 - -0.75 +0.98 +0.99
2. Root weight -0.99 +0.98 +0.99 +0.98 +0.98 - +0.99 -0.75 +0.99 +0.99
3. Root shoot +0.77 -0.66 -0.68 —0275 ~0.65 -0.75 ~0.68 -~ -0.73 -0.71
4. ﬁggégt ~0.99 +0.98 +0.99 +0.98 +0.98 +0.99 +0.99 -0.71 +0.99 -
5. Leaf area ~0.99 +0.99 +0.99 +0.99 +0.99 +0.99 +0.99 +0.73 -~ +0.99
6. 50 per cent - -0.98 -0.98 -0.99 -~0.98 -0.99 -0.98 +0.77 -0.99 -0.99
7. Fruit weight -0.98 - +0.99 +0.98 +0.99 +0.98 +0.99 -0.66 +0.99 +0.99
8. Fruit number -0.98 +0.99 - +0.98 +0.99 +0.99 +0.99 -0.68 +0.99 +0.99
9. Yield -0.99 +0.98 +0.98 -~ +0.97 +0.99 +0.98 -0.75 +0.99 +0.98
10.Juice per -0.98 +0.99 +0.99 +0.97 +0.98 +0.98 +0.99 -0.65 +0.99 +0.98

cent
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like pH of a juice, TSS and juice per cent. Root development like weight
of a root, root shoot ratio and were studied with different combination.

Height of plant was positively correlated with weight of
fruit, Volume of fruit,mutber of fruit,yield and negatively correlated
with the 50 per cent flowering but in quality parameters, it is
yositevely correlated with pH of a juice and juice per cent and negat-
ively correlated with brix and acidity percentage.

Leaf area per plant was positively correlated with weight
of fruits, volume of fruits , yield of towato,pH of juice and Jjuice
percentage and negatively correlated with the days for 50 per cent
flowering ,brix and acidity per cent.

Total soluble solids were positively correlated with root
shoot ratio, acidity and days for 50 per cent flowering and negatively
correlated with other parameters.

Yield of a tomato was positively correlated with weight of
root, weight of a shoot, mumber of branches, height, leaf area, weight
of fruits, volume of fruits, number of fraits, pH of juice, juice
percentage and negatively correlated with days for 50 per cent flow-

ering, TSS and acidity of Tomato.
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The conclusions were drawn from each table or figure and summarized

in brief. Conclusions drawn are given below.

1.

An available moisture of 125 mm below the level of MAD under IF
100
treatment however, drip irrigation maintained the available

moisture contents nearly to field capacity storage throughout
growth period.
The wetting front from the point source in drip system was more or
less semi-elliptical in shape with maximam diameter of 57 cm,
and depth of 60 om.
The unsaturated hydranlic conductivity exhibited an exponential

relationship with volumetric water content. The values of K(O) of

8 .6 «x 164 to 2.5 x 10—2aq/€’£g{m estimated as soil water content
changed from 0.40 +to 0.56 aé a;srespectively in the surface layer.
The 45-60 cm layer exhibited minimum K(©) range from 0.5 x 10-%0 9.2
X 1(—)2 cm/day which attributed to minimm soil moisture variation.

Soil water diffusivity, D(0) exhibited exponential relation-

ship with volumetric water content. The D(©) values of surface

layer were in the range of 7.5 x lasto 5x 163 omz/ sec at the

molsture content from 0.38 to 0?42—2111 cm. The 45-60 cm layer exhi-

bited minimum variation in the D(©) values from 8 x 164 to 8 x 163
cmz/sec at 0.44 and 0.47 c:m3 cm-smisture contents.

Soil temperature reduction at FC moisture ranged from 5 to S.C'T’ C
which was dependent on radiation compared to air temperature. Soil

temperature reduction was more under drip than furrow and sprinkler

irrigation compared to air.
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Consumptive use of 370 mm under 75 mm CPE treatment was considered
as optimum on the basis of highest yield under furrow
irrigation. The optimum consumptive use was reduced by 33 and
59 per cent in case of sprinkler and drip systems respectively.
This was mainly attributed to the methods where requisite
quantity of water was applied maintaining better soil water plant
relationship. Alternate day water application by drip method had
excellent performance in terms of CATD,SDD and leaf water potential.
Water use efficiency was higher with drip irrigation than sprinkler
(two times) and furrow (3 times) irrigation methods.
Crop canopy and air temperature differences (Tc-Ta) were 2.9 and 3.1
° C for furrow and sprinkler irrigation methods respectively.
This critical limit of Tc-Ta could be considerded for fixing the
criteria for scheduling of irrigations at Ralhmrl conditions in
Vertisols on the basis of highest yield and optimum soil moisture
regime.Probably Tc-Ta concept may require very high precision for
drip irrigation system.
Surmsation of stress-degree day concept 1s as an altermative
approach for scheduling of irrigations to tomato crop. It works well
for furrow and sprinkler methods. SDD values under drip system were
low compared to furrow and sprinkler irrigation methods.
Initial leaf water potential values recorded before irrigation under
furrow irrigation were found to be -1.09 M Pa and -1.24 M Pa for
optimamn (50 mm CPE) and severe ( 100 o CPE ) stress conditions
respectively which were decreased at the maturity stage of tomato
crop to the extent of -1.42 and -1.59 M Pa. Leaf water potential

decreased constantly as the age of the crop growth increased.
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Similar observations were recorded in case of sprinkler irrigation

with a decline of values of - 0.02 to -0.05 M Pa.These values were

constants under drip irrigation systen.

Follwoing equations were developed for the different parameters.
i) Y = 27.65 -~ 0.038 (ESDD) where , Y = Yield, t/ha

ii) Y= - 1.0 + 4.41 (SWpP) Y = Leaf water potential, -M Pa
iii) Y = -7.16 + 3.5 (LWP) Y = CATD (-)

The height of the tomato plants was significantly increased with

increase in soil moisture regime. Irrigation regime under alternate

day drip irrigation recorded the maximum height compared to
furrow and sprinkler irrigation.

The irrigation regime of alternate day drip irrigation significantly
increased the number of branches per plant during both the seasons.
The increase in soil moisture regime under ID treatments increased
the leaf area index and dry matter productionzper plant.

The earliest flowering and fruit maturity were observed in alternate
day drip irrigation than furrow and sprinkler irrigation methods.
The yield of tomato fruits in case of altermate day drip irrigation
was highest(43.3 t/ha) amongst all treatments.Amongst different
methods, the drip method proved its superiority over sprinkler and
furrow irrigation methods. The increase in yield was

28.2 and 16.6 per cent over furrow and sprinkler irrigation
methods respectively. Irrigations need to be scheduled at 50 mm CPE
if surface or sprinkler methods are to be followed.

The total acidity and pH of tomato Jjuice did not change with

different irrigation treatments. However, juice percentage under ID
2

treatment had significantly increased and was significantly superior
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over furrow and sprinkler methods.

The stress degree day concept is a valid indicator of crop stress
as shown by the available soil water and leaf water potential data.
Further refinements , such as those suggested by Idso et al.(1981)
and Jackson etal (1981)would appear to improve the capability of this
technique into irrigation scheduling programs. The change in leaf-air
temperature is closely related to avilability of water under the climatic
condition of Rahuri under medium blak soils which suggests a
critical soil water content when stress becomes detrimental to crop
growth.
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7. APPENDICES



APPRNDIX-~I

Meteorological paramters at the experimental site. (Rabi 88-89)

Std Period  Temperature Relative Pan’ Wind  Sunshine Soil temp V.P.
woek (1988-89) o homidity evaporation velocity hrs at 14.30 hrs. o
Nos. C Class ‘A~ 30il depth,cm

Maximm Minimm Maximw Minimm USHB,me  m/sec 5 15 30 Mom. Even
45 511 November 28.8  12.4 69.0 25.0 2.7 1.3 . 10.0 43.1 28.2 26.3 10.2 7.7
46 12-18 Nov 29.2  10.2 64.2 25.7 2.1 1.1 10.1 42.4 26.8 24.4 8.2 7.7
47 19-25 Now 293 120  70.4 25.7 2.1 0.9 9.7 42.4 26.4 246 9.4 7.8
48 26-2 Dec 27.8  10.4 69.0 27.9 3.4 0.7 $.1 39.8 265.9 24.1 8.5 6.2
49 39 Dec 28.8 122 . T.0 31.4 22 - 0.8 9.3 42.2 25.4 23.8 9.4 9.1
50 10-16 Dec 28.1  10.2  T4.5 36.0 2.7 1.2 8.0 37.8 24.4 236 9.2 9.3
51-17-23 Dec 28.3 11.q 67.1 28.5 2.8 0.9 9.4 405 24.3 2.7 7.8 8.5
52 24-31 Dec 28.5 11.0 75.6 31.6 3.8 1.0 9.5 33.4 208 2.5 8.7 8.8
1 17 Jawary 2.7  10.3 67.0 28.4 21 1.1 8.6 42.0 23.7 22.5 8.0 8.5
2 814 Jan 28.4 10.1 75.1 ‘3.0 2.2 1.2 9.6 40.7 24.4 22.7 8.8 10.5
31521 Jan  21.7 10.8 67.1 15.7 3.1 0.7 9.4 421 24.9 23.4 7.5 7.¢
4 22-28 Jan 30.7 11.8 71.8 30.8 3.4 0.7 9.5 44.4 254 23.9 8.4 9.¢
529-4 FPebruary 31.4 1./ 4.0 21.8 4.0 0.8  10.2 46.1 26.1 24.6 7.7 7..
6 511 Feb 31.2 9.9 62.5 23.1 4.0 0.8 10.4 46.4 26.6 24.3 T.0 7.2
7 12-18 Feb 31,5 11.3 55.2 20.4 4.5 1.0 10.5 46.4 27.0 24.6 7.0 7.1
8 19-256 Feb 31.0 8.6 46.4 14.0 4.4 1.1 10.5 46.5 26.0 24.2 5.0 3.9
9 26-4 March 34.1 13.3 £7.0 15.1 5.2 1.2 10.2  47.6 28.6 26.1 6.6 5.9
10 511 Mar 35.3 15.3 53.6 17.0 6.0 1.3 8.9 49.5 30.1 28.3 9.4 7.0
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