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I. INTRODUCTION

Watermelon is an important summer crop, grown throughout
the country for its juicy flesh. There has been a continuous
increase in the area under this crop, in recent years, with
the introduction of high yielding varieties. The data on area
and production of watermelon in India and in the State of
Karnataka are not available. However, the area under
Cucurbitaceous crops in Karnataka including watermelon has
increased from 4850 hectares in 1982-83 with a production -of
1,21,245 tonnes, to 5646 hectares during 1984-85 with a
production of 1,41,145 tonnes (Anon, 1985). It is said that
this increasc in area and production of Cucurbitaceous crops

‘

is largely due to watermelon.

The farmers in an attempt to produce higher yields go
for frequent irrigations and invariably over-irrigate the

crop. With the increase in energy costs and competing demand

for water, there is always the need to maximise the water
use efficiency, without sacrificing production. Since
watermelon 1is raised under irrigated conditions, there is a

need to apply the optimum quantity of water at the right
time, as in other irrigated crops. To obtain maximum dry
matter production and thereby, higher yieldg either per unit
of water or per unit of land, it is generally desirable to
avoid water stress by maintaining a wuniformly high water

potential in the soil root zone. One of the possibilities
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for making effective use of water is by using high frequency

low volume irrigations.

' The last decade has seen major advances in a unique

method of water application to crops through drip irrigation,

which allows judicious wuse of water. Although, drip
irrigation obviates the static water holding capacity
requirement of the soil, its efficiency 1is <crucially

dependent upon the dynamic hydraulic flow properties of the
soil. In many cases, the soil fulfils the latter requirement

and drip irrigation has been used for effective and efficient

watering of «crops. The drip irrigation achicves a three
dimensional differential spread of water maintaining low
levels of soil water tension (Clothier et al., 1985). Under
conventional system of furrow irrigation for watermelon, lot

of water is being applied, especially in the early period of

crop growth, since it is widely spaced. Excess water
application 1is said to dilute the sugars, ecespccially during
the fruit development stage, thus making the fruits insipid.
The fruits also get damaged, if they come in contact with
‘water due to over irrigation. In this context, adaption of

drip irrigation can be considered as a potential alternative,
which would greatly aid in economising the water and

maximising the productivity per unit area of land.

Under semi-arid regions of South India, information on
the comparative effect of drip and furrow irrigation, in
terms of growth, vyield and quality of watermelon 1is not

available. Information on the water requirement of



watermelon is also lacking.

In addition to water, other main factors affecting the
productivity of watermelon are, the plant population and the
quantity of fertilizer applied. Plant yield and density

relationships have received considerable attention in recent
years (Willey and Heath, 1969). Yield responses to plant
density are basically the consequences of inter and intra-row
plant competition largely for water and nutrients. Since
watermelon is a widely spaced crop, with limited potential
for fruiting, any adjustments in crop density resulting in
increasing the number of plants per unit area, will have a

direct bearing on the fruit yield.

Watermelon plants are generally spaced 3 m between rows
for commercial cultivation with two plants per hill. Since,
the average number of fruits per plant is only about 1.2,
there is every possibility of increasing the fruit number and
yield by accommodating more number of plants per hectare.
Apart from this, row spacing has a definite bearing on fruit -
size and number (Halsey, 1959). In general, the fruit size
was reported to increase with wider spacing, with concomitant

decrease in fruit number and vice versa with closer spacing.

Judicious application of nitrogen has been a major
constraint in realising the production potential of newly
developed varieties of watermelon. Nitrogen is one of the
important and major nutrients, which is basic to crop

production, since all physiological and biochemical growth



processes are controlled by this element. The plant and soil

mus t be nutritionally compatible, to achieve max imum
production with greatest efficiency. Nitrogen is one of the
major elements influencing the growth, sex ratio, fruit set
and yield of watermelon (Brantley and Warren, 1960). Excess

nitrogen induces profuse vegetative growth and increases
male flower production, whereas, reduced application will
limit the source itself, resulting in an imbalance, in the
absence of nitrogen (Bradley and Fleming, 1959). Watermeldn
is generally applied with 100 kg N per hectare for its
commercial cultivation (Anon, 1985). However, response
beyond this level have also been reported (Yusifov, 1984 and

Khristov, 1984).

Thus, the present 1investigation on the "Response of

Watermelon (Citrullus lanatus, Thunb. Musf.)} to drip and

furrow irrigation, under different nitrogen and plant popula-

tion levels" was framed with the following objectives:

1. To compare the efficiency of drip irrigation sysfem
with conventional method of furrow irrigation and to
standardise the techniques of drip irrigation to
watermelon. (cv. Arka manik}.

2. To find out the effect of plant ‘population/spacing
and nitrogen fertilization on growth, yield and
quality attributes in watermelon. (cv. Arka manik).

3. To work out the optimum requirement of irrigation,

spacing and nitrogen for watermelon. (Ccv. Arka manik)
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I1 REVIEW OF LITERATURE
The relevant literature pertaining to the effect of
irrigation, plant population, spacing and nitrogen on growth,
yield 'and quality of watermelon and other cucurbitaceous
crops is reviewed in this chapter.

2.1 Effect of irrigation on growth, yield and quality of

certain Cucurbitaceous crops:

Soil moisture is essential for every biological system.
Vegetable <crops which are generally succulent need large
gquantities of water during their crop growth and development.
But farmers 1in their anxiety to get higher vyields, apply
irrigation water either heavily or more frequently. In either
case, there 1is excess application'of water and results in
percolation of water and leaching losses of some nutrients,
besides <creating aeration problems. Contrary to this, when
s0il moisture content is not optimum, the crop suffers due to
stress.

2.1.1. Watermelon

The research work done on water requirements of
watermelon is very meagre.Doneen et al. (1939) working with
watermelon at Davis, opined that watermelon is deep rooted

crop and irrigation neither appreciably increased yield nor
growing period, to any appreciable extent and in only one
year did it affect average weight and percentage soluble
>solids. Rafiev (1969) studying the dynamics of fruit growth
in watermelon observed that the weight increment of fruits
mainly depended on the water supply to the roots. Some days

the increase in fruit weight reached 100 g whereas, at high



temperature and low relative humidity, there were days when
the fruit did not gain in weight. The fruit growth was more
rapid during the night. He further observed that fruit weight
increased most rapidly at the end of July and early August,
when there was a reserve of available moisture in the soil.
The period of marked weight increase in early-set fruit
lasted on the average for 15 days and the fruit reached 4.2
kg, while in fruit set in the middle period, intensive growth
lasted for 10 days and the fruit reached a weight of 3.7 kg.
Malinina (1971) 1in U.S.S.R. observed that irrigation to
watermelon every 10 days gave higher yields than 7 or 15 days
and the irrigated plants carried 2 to 4 fruits as compared
to 1 to 2 fruits in unirrigated plots. On forest soils in
southern Bulgaria, Dimitrov (1973) reported that a moisture
level of 70 to 80 percent field capacity maintained over the
entire growing season, was the most economic treatment giving
a total yield of 26 t/ha. While, studying the characteristics
of growth and development of irrigated watermelon, Belik and
Veselovskii (1975) found high mean diurnal water requirement,
termination of leaf and root growth and increased leaf
chlorophyll content in watermelon during fruit formation.
Under irrigation the main root mass was found in the 8.5 to
17 cm soil layer. The leaf photosynthesis rose with plant
growth, reaching a peak at the beginning of fruit formation.

Comparing the value of drip irrigation with conventional
irrigation, wunder hot arid conditions of Jodhpur, India,

Singh and Singh (1978) .recorded increased yields of



vwatermelon by 10 to 22 per cent in case of drip method of
irrigation over Sprinkler and furrow irrigation. The water
use efficiency under drip was nearly twice as high, as
compared to other methods of water application. They further
concluded that on loamy sand soils in hot arid regions, daily
irrigation 1is advantageous when water is applied by drip
irrigation. However, Rudich et al. (1978) studying the
optimal growth stages for the application of drip irrigatidh
in Israel, didinot observe any effect of drip.irrigation on
watermelon, during the stages of vegetative growth, flowering
or fruit set. But drip irrigation in fruit development stage
resulted in yield increases upto 48 per cent. In experiments
at Florida, “Elmstrom et al. (1981) reporting on the response
of watermelon to drip and sprinkler irrigation, concluded
that the benefit of irrigation was greater on deep sands.
Early yield was enhanced by drip irrigation, compared to
overhead or no irrigation. Further, irrigation significantly
increased total yield and about 40 per cent less water was
used with drip system than with the overhead irrigation.
Desai and Patil (1984) at Maharashtra, observed that the
highest yields of watermelon were recorded with irrigation at
1.0 IW/CPE ratio and had consumptive use, water requirement
and water use efficiency of 169.9 mm, 540 mm and 1.64 g/ha-
mm, respectively . The total soluble solids were low in the
fruits with irrigation at 1.2 IW/CPE ratio, but the total
sugars were more in the fruits with 1.0 IW/CPE ratio. In a

three year study on pitcher irrigation of watermelon grown in

Jodhpur during winter season, Sahu (1984) reported 40 per



cent saving in the irrigation water by this method

2.12 Muskmelon

McClatchie (1902) in Arizona reported that twelve
irrigations totalling 3.3 feet of water was required for
producing 27,000 lbs per acre of melons. However, Headley and
Fulkerson (1913) in U.S.A. observed that too much water in
ripening period tends to retard ripening and reduce the
sweetness of the melon. The greatest number, both of melons
and high grade melons was obtained by the app%ication of 0.5
inch water per week (Fleming, 1936), and the sugar content
was not affected by irrigation. While studying the effect aof
irrigation on the production of cantaloupes (muskmelon),
MacGillivray (1951) observed that the yields were not greatly
affected by different quantities (11.3 or 7.0 inches) of
irrigation. The dry treatment without irrigation produced
the smallest yield and maximum application of water gave the
higheset yield, but there wefe no differences in the soluble
solids. They recorded the time from fruit set to maturity of
the fruits to be 45 days in dry, 44.6 days in medium and 45.6
days in wet treatment. Gill and Ali (1964)recommended a
maximum of 3 irrigations to avoid fruit deterioration and the
sugar content of fruit was significantly increased by the

reduction of irrigations from five to three.

Irrigation practices for melons vary widely. Flocker

t al. (1965) studying the influence of scheduling irrigation

on the yield, quality and size of muskmelon observed that



satisfactory yields could be obtained when soil moisture
tensions at 18 inch soil depth reached 3.0 bar. The yield
response to irrigation was mainly by increase in fruit size
and heavier irrigation increased cull fruits associated with
increased vine growth and succulence. However, higher soil
moisture stress also increased <culls associated with
restrictions of vine growth such as sunburn and small fruits.

They finally concluded that excellent yields of high quality

melon can be produced with comparatively infrequent
irrigation, if the soil profile is near field capacity at
planting time. Reporting the results of three years trials

on melon in Hungary, Molnar (1965) observed that irrigation
of melon was successful only where sunshine is abundant and
humidity 1is low during ripening. Irrigation increased the
number of female flowers and advanced their flowering.
However, the fruit set in general was not improved, but fruit
drop was reduced, there by indicating the water requirement
of melon to be high espcially at the beginning of fruit
growth. The dry matter content of fruit was not reduced. He
concluded that furrow irrigation is preferable to sprinkler
irrigation.

From a three year studyiat Israel, Goldberg and Shmueli
(1970) reported that of equal water consumption, drip
irrigation produced yields of melons twice as high as
sprinkler irrigation. 1In a comparison of sprinkler, furrow
and trickle irrigation applied during the growing season
from August to December, Shmueli and Goldberg (1971) recorded

more rapid vegetative growth, earlier and higher yields of



melons with trickle irrigation.

Studies carried out by Niel and zumino (1972) on water
requirement of melons revealed that the maximum
evapotranspiration in irrigated plots at 10,000 plants per
hectare was 60 per cent of the potential evapotranspiration.
They further observed that between flowering and fruit
formation the water uptake represented 55 per cent of
potential evapotranspiration, which increased during fruit
enlargement reaching 85 per cent at harvest. But, by mid
harvest it had dropped to 55 per cent of potential
evapotranspiration. In a similar study, Niel and Zumino
(1972} further reported that irrigation wupto 80 per cent
maximum evapotranspiration was economically feasible. The
water uptake in successive growth stages of the melon crop
was 650 M3/ha upto fruit enlargement, 882 m3/ha upto
prematuring and 280 m3/ha upto harvest. Out of the water
uptake of 2730 m3/ha, the average irrigation requirement was
2000 m3/ha. By raising the irrigation rate in melons from
850 to 2600 m3/ha, melons produced were more and heavier with
improved flavour and decreased firmness, without any change
in the dry matter content. Muminov (1973) forecasting the
times of irrigation to melon suggested the time and amount of
irrigation should be determined by the leaf water content.
At a leaf water content of 84 to 86 per cent, the yields were
the highest. However, Konishi (1974) reporting on the amount
and nature of water consumption by a fruit bearing plant with

a final leaf area of about 1100 cmz was 85 to 90 litres and

10



less water was consumed by plants without fruit. As the
plants grew, the ratio of total water consumption per plant
to pan evaporation increased to a maximum of about 4760 cm

per cm at the netting stage, and then declined with ageing.
The rate of water absorption on a fine day was greatest from

12.00 to 13.00 hrs and the amount of water absorbed between

11.00 and 14.00 hrs was 36.4 per cent of the value for the

day and that absorbed between 18.00 and 06.00 hrs was only
2.9 per cent of the day's total. The young leaves transpired
faster than old leaves and most of the transpiration occurred
when soil PF was 1.6 to 2.0. While comparing the effect of
different methods of irrigation under green house conditions,

Borelli and Zerbi (1977) observed that trickle irrigation

resulted in higher yields than furrow irrigation -especially

at low irrigation, whenever the accumulated maximum
evapotranspiration reached 30 mm. The yield increment
declined with increasing soil moisture levels. In trails

comparing furrow irrigation applied at two soil water levels
of 0.4 or 0.7 atmospheres, with drip irrigation using 1,2 or
4 emitters per planting hole (2 plants) at the same soil
water levels, Abreu et al. (1978) recorded highest yields of
13.8 t per hectare from drip irrigation with 2 emitters per
planting hole of 0.7 atmosphere. While studying the effect
of interval and method of irrigation for three years on soﬁe
qualitative and quantitative characteristics in Iran, Kashi

(1981) reported maximum yields and enhanced soluble solids

content with irrigation intervals of 6 and 8 days. However,

11



the number of fruits per plant and fruit weight wvaried in
different years. But the traditional furrow irrigation at 5
cm depth gave better results than modern shallow furrow
irrigation. Chander and Mangal (1983) studying the response
of muskmelon at Hissar, to various soil moisture regimes
repored that the best growth, flowering and fruiting were
obtained. on plots irrigated at 0.9 pan evaporation
coefficient (55.5 mm of irrigation wa;er).

In Arizona, Pew and Gardner (1983) while working on the
effects of irrigation practices on vine growth, vyield and
quality reported higher yields, larger fruit size and earlier
maturity by irrigating when soil moisture tensions at 25 cm
depth reached 50 and 75 kPa compared with tensions of 25 kPa.
They also reported more culled fruits in the wet treatment
due to decay, while the drier treatmenis produced more fruits
with growth cracks. Apart from this, meloné from the drier
treatment were higher in soluble solids and a pre thinning
irrigation caused restricted root development, vine growth,
fruit size and yields.

Studying the effect of soil moisture for summer cropping

of muskmelon, at the vegetative, fruit swelling and maturity
growth stages in Japan, Yabe et al. (1981) observed that a
small amount of water at the vegetative growth stage

suppressed growth but increased fruit weight and improved
fruit quality. However, a large amount of water at fruit
swelling had no benefical effects and in spring adversely
affected quality. They also recommended soil PF values of

2.3 to 2.5 at the vegetative stage, 2.3 to 2.7 at the fruit

12
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swelling stage and 2.5 to 2.7 at maturity stage.

Callebaut et al. (1985) studing the response of melons
to irrigation observed maximum yield at a relative water
supply of 47 per cent of PET and obtained an optimum yield
within the range of 277 to 484 mm of water depth. While
comparing the drip and furrow irrigation for muskmelon
production, Bogle and Hartz (1986) reported that drip
irrigation at 40 or 20 per cent available soil water
depletion in the surface 30 cm required 25 and 42 per cent of
the irrigation water volume needed by furrow irrigation at 40
per c¢ent soil water depletion. The highest water-use

efficiency of 181 kg marketable fruits per ha per mm total

water, was recorded in the 40 per cent soil water depletion.

2.1.3 Cucumber

In two experiments cbmﬁaring trickle 1irrigation with
hose watering of frame grown cucumbers, Van Den Ende (1959)
reported that trickle irrigation increased the yields of
cucumbers by 18 per «cent and 22 per cent respectively.
Investigating the pattern of soil wetting under drip
irrigated cucumber fields, Varga and Nyujto (1974) observed
that the water spread was very good upto a distance of 30 cm
and to a depth of 40 cm, when interrupted drip irrigation was
provided at 10 mm water per hectare in 5 hrs. In field and
green house studies at Ohio under three mositure regimes
corresponding to low, medium and high stress, Cummins and
Kretchman (1975) reported that the leaf area and fruit yielas

were greatly reduced under high stress compared with the low
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stressed plants. The first fruit set was 2 to 3 days earlier
with the high stressed plants, but the time taken for these
fruits to attain 2 inch diameter was 4 to 6 days longer.

Pavlov (1976) studying the irrigation regime, reported a
highest yield of 26.6 kg per mz, when 70 to 100 litres per m2
were applied during the plant growing phase, 1in 20 to 32
individual irrigations followed by 480 to 570 litres per m2
during fruiting in 92 to 94 individual irrigations. Loomis
and Crandall (1977) reported that the last irrigation
schedule for cucumbers involved remoQal by plants between 48
to 64 per cent of the available water in the upper 90 cm of
soil profile between irrigations. They further observed that
the ratio of consumptive water use to evaporation pan loss
reached a maximum of 1.5 during the early harvest. But
moderate moisture stress had no significant effect on the
grade or number of poorly developed fruit. However, the
tfanspiration rate was higher and leaf area smaller for
fruiting plants and the fruit production did not
significantly affect total water consumption or the seasonal
water use pattern.

In experiments on time of irrigation with ridge
cucumbers, Chernoval (1979) recorded highest yields when
irrigated during night times as compared with irrigation at
mid-day or in the evening. In 4 year trials with cucumbers
grown either without irrigation or irrigation when the water
deficit reached 50,75 or 100 per cent of evaporation with

drip irrigation or overhead watering. Henri ksen (1980)
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reported 60 per cent more fruits wi{h irrigation at 75 to 100
per cent water deficits than without irrigation. Irrigation
improved quality and reduced the tendency towards spongy
fruits but failed to improve fruit uniformity. It was
further observed that twice as many fruits per plant were
obtained by irrigation, but there were no differences in
yield and quality between irrigation methods.

Forced Cucumbers when watered at different soil suctions
gave highest yields at PF 2,3 ({Gato et al.,1981). But
Mannini and Roncuzzi (1983) observed that neither the method
(drip or perforated) nor the intepval (3 or 6 days) of
irrigation influenced the cucumber yields but the volume of
water applied assumed much importance. By restoring 50, 100
and 150 per cent of evapotranspiration required 1380, 2760
and 4140 m3 per hectare water and gave fruit yields of 985,
1248 and 1385 q per hectare. Likewise, Tan et al. (1983)
reported that irrigation substantially increased the yield
and improved the grades of multi-harvest and once-over
harvest cucumbers. They obtained highést yields with
irrigation at 60 per cent available soil moisture level and
with once over harvest at 25 per cent available soil moisture
level. Reporting the results of irrigation trials with
different systems of localized irrigation, Restoy (1983)
recorded similar yields with all systems and averaged 7.27
and 7.35 kg per m2. In summer irrigation requirement trials
with cucumber at Puerto Rico, Goyal and Allison (1983)

applied a total volume of 116.6, 90.3 and 71.30 litres per

emitter for wet, moist and dry treatments during the growing



period and per plant water applications were 14.6, 11.3 and
8.91 litres for wet, moist and dry treatments, respectively.
The moist treatment gave significant increase in crop yield
compared with wet and dry treatments.

Evaluating the response of trickle irrigation conducted
on loamy sand soils in South Western Indiana, Bhella and
Kwolek (1984) recorded an inrease in plant growth, early
bloom and yield. The trickle irrigation reduced the per
centage of «culled fruits. However, plant growth was
negatively correlated with days to bloom after planting and
days to bloom were correlated negatively with yield. The
early blooming plants yielded more than the late blooming

plants.

2.1.4 Gourds and Squash

Smittle and Thereadgill (1983) at Georgia, reportéd
highest marketable Squash yields from applying irrigation at
0.3 bar soil water tension.

In a comparative study at Tirupati with pitcher and
basin irrigation in Bitter gourd every 4th or 8th day, Reddy
and Rao (1983) observed highest yields of 21.6 kg per 25 m2
with pitchers filled every 4th day and was lowest 1i.e. 15.9

kg per 25 m2 on plots with basins filled every 8th day.

From the experiment conducted at Tirupati, Andhra
Pradesh, to compare the pitcher and basin irrigation on
Snakegourd, Reddy and Rao (1980) reported that for the same

quantity of water applied, water-use efficiency was higher

16
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in Pitcher irrigation than in basin irrigation. The yield at
pitcher irrigation treatment at four days interval was higher
than that with eight days interval. But the water use
efficiency was higher in eight days interval. Studying
different drip layouts and discharges on Squash yields
Shatanawi (1983) reported similar yields when one emitter per
one plant or two plants were used, but when one emitter per

four plants was used, the yield produced was less.

It is seen from the foregoing review fhat the
information on the method of irrigation and its scheduling to
watermelon 1is meagre. Based on the research conducted on
Cucurbitaceous crops, it 1is observed that rapid growth,
early. harvest and higher yields with increased water-use
efficiency have been obtained pnder drip system of

irrigation, as compared to other methods of irrigation.

Irrigation every 7 to 10 days resulted in higher
yields and irrigated plants carried more number of fruits. A
moisture level near to field capacity, maintained over the
entire growing season, resulted in higher yields. A pan
evaporation coefficient of 0.90 recorded best growth,

flowering and fruiting of Cucurbitaceous crops.

2.2 Effect of plant population and spacing on growth, yield

and quality of certain Cucurbitaceous crops

Plant density and yield relationships have received
considerable attention in recent years {(Donald, 1963; Willey

and Heath, 1969). One of the primary reasons for the
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interest in narrow-row, high population culture is its
theoretical advantage for improving earliness and maturity by
reducing field time of the crop without reducing yield
(Fowler and Ray, 1977). Maintenance of optimum plant
population assumes greater importance, since this accounts
for manifold yield 1increase when other factors are non-

limiting.

2.2.1 Watermelon

Experiments conducted at Horticultural unit, Gainsville,
Florida, by Halsey (1959) revealed that the number of
marketable watermelons per acre increased as the inter-row

spacing decreased from 12 ft. to 3 ft. and spaced 10 ft.

apart, within the rows. However, the size of the fruits
increased due to wider spacing. Locascioc and Halsey (1960)
observed that watermelon spaced at 2 ft. between plants

compared with 4 ft. resulted in a 30 per cent increase in the
number of fruits, 23 per cent decrease in weight of
marketable fruits and a 5 per cent decrease in the average

weight per fruit.

Peterson (1961) obtained an increase of 4 to 5 tons of
fruits per acre when spaced at 4 ft. x 7 ft. spacing as
compared with 12 ft x 7 ft. with only slight reduction in
fruit size. In a later study, Peterson (1962) recorded
highest yield with 2 ft. spacing in the rows spaced 7 ft.
apart, but the fruit size decreased with closer spacing and
was too small for most markets. Petkov (1970) reported

highest watermelon yield, with greatest number of plants,
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with negligible decrease in size, with a spacing of 2m
x 1m with 2 plants per hill. In trials with 17,000 to 20,400
plants per hectare, leaf area, photosynthesis and total yield
increased with increase in plant density but the greatest
yields of marketable fruits were obtained with 5,000 to
10,000 plants per hectare (Belik and veselovskii, 1973}.
Studies <carried out by Kononenko and Maksimova (1976) with
non-irrigated watermelons, revealed that a decrease of soil
surface area per plant from 2.94 to 0.74 m2 (from 3.4 to 13.5
thousand plants per hectare) increased the total and
commercial yields. But a further decrease to 0.49 m2 (20.4
thousand plants per hectare) markedly reduced the commercial
yield and increased the total yield. Nevertheless,
watermelons planted one per planting hole, yielded 41 to 45

per cent more marketable fruits than when planted two per
hole. Row spacing of 2.4 m proved wide for watermelon and
resulted in very 1low yields of 12.7 t per ha (Patil and
Bhosale, 1976). But, the yield increased significantly (19
t/ha) when spacing was reduced to 1.8 m x 1.8 m, with the
highest yield (23.2 t/ha) at 1.2 mx 1.2 m,. Similarly,
Brinen et al. (1979) observed that watermelon grown on sandy
soils, the fruit yield decreased, while yield per plant and

fruit weight increased with an increase in plant spacing from

0.6 to 2.4 m and the row from 1.5 m to 4.5 m.

In pruning trials, Mangal et al. (1981) reported that

pruning to leave 3 to 4 main shoots per plant and spacing the

- plants at 30 cm gave best results with respect to yield.
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While comparing two plant spacings (2.5 ft. and 5.0 ft. apart
in rows of 10 ft.), Elmstrom et al. (1981) at Gainsville.

Florida, recorded higher total yield with closer spacing

(2.5 ft by 10 ft.) as compared to wider spacing (5ft x 10ft).

2.2.2 Muskmelon

Investigating the effect of certain agronomic factors 6n
yield and quality, Gill and Ali (1964) concluded that
although wider spacing produced the best plants, the maximum
overall yield was obtained by sowing on ridges 5 ft. apart
with 2 ft. between the plants. The sugar content was highest

in fruits from the most widely spaced plants.

Lazin and Simonds (1981) at Florida, observed that
increasing the within row plant spacing from 1 ft to 3 ft
increased the number of fruits per plant and mean fruit size
but decreased the total number and weight of fruité.
Substantial yield increases in melon at Haryana were reported
by Baljeet Singh et al. (1982) when the plants were spaced at
30 cm (334 g/ha), as compared to 60 cm (152 g/ha). Studying
the effects of population density and plant spacing on the
growth, flowering and yield, Nerson et al. (1984) at Israel
observed that vegetative development, flower number, yield
and quality were not affected significantly by growing one or
two plants per hill, which justified the practice of sowing 2
seeds/hill without thinning. They further reported that with
a population of 31,250 plants per ha, the vegetative growth

per unit area was faster than with 13,500 plants per ha.



There were more leaves per mz. a higher leaf area index and
more dry matter accumulation per mz. At higher density more
flowers were produced per m2 (36% more male and 9% more
perfect flowers), 21 per cent more fruits were set, the yield
was 20 per cent higher and percentage of fully netted high

quality fruits were greater.

2.2.37 Cucumber

Spacing trials carried out at Ceylon, revealed that
closest spacing of 4ft x 1ft was by far the most productive
(Fernando 1943). However, - Charlottetown (1954) at Dominion
Experimental Station, recommended an optimum spacing of 6
feet between rows and one foot between plants for pickling
cucumbers. In spacing trials Cehmistrenko et al. (1954)
reported methods of spacing cucumbers at a distance of 1.5m 'x
1.5m. The advantages claimed for this type of spacing are
easier mechanical <cultivation and increased and earlier
yields. While comparing the plant population of 29,000 to
1,16,000 per acre achieved by planting 2, 3 or 4 rows on 6
ft. bed with 2 or 4 plants per ft. row, Bradley et al.
(1975) reported higher yields above population of 58,000
plants per acre. Similarly, Nerson et al. (1982) observed
that planting cucumbers at 15,000 and 30.000 plants per ha.
produced a higher proportion of smaller fruits (38 mm
diameter) than wider placed plants. However, the best plant
growth and development, higher photosynthesis and greatest
yields were obtained when the Cucumbers were.spaced at 1.5

plants per m2 (Karataev and Salnikowva, 1982). In spacing
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trial with Cucumber cultivars at Newzealand, Burgmans (1983)
reported higher yields of first grade fruits (14-17 t/ha), as

well as total yields of all cultivars in rows of 50 cm.

Thus, it could be seen that in cucurbitaceous crops the
number of fruits per acre incresed as the spacing decreased
and the plant populations increased but the fruit size
increased at wider spacing ie.,low plant population. In
general, closer spacing recorded nearly 30 per cent higher
marketable yields, though it resulted in 5 per cent decrease
in fruit weight. The vegetative development, flower number,
yield and quality were not affected by growing one or two

plants per hill.

2.3 Effect of fertilizers on growth, yield and quality of

certain Cucurbitaceous crops

Inadequate fertilizer use forms a major constraint in
increasing watermelon yields. Minieral nutrition is basic to
crop production since all physilogical and biochemical growth
process are controlled by nutrient‘elements. The plant and
soil must be nutritionally compatible to achieve max :imum

production with greatest effeciency.

2.3.1 Watermelon

Studies <carried out by Nett les et al. (1957) at
different locations, revealed that at Gainsville, Florida,
500 1b. of 6-8-8 (N.P.K.) fertilizers per acre producedv780
watermelons weighing 18,330 1b. and with 1,000 1b per acre

produced 1080 watermelon weighing 26,568 1b. However, at



Suwance Valley Station, 500 1b of 6-8-8 (N-P-K) fertilizer
per acre produced 423 watermelon, weighing 10,025 1b. and
with 1,000 1b. per acre 480 watermelon, weighing 11,684 1b.
But at neither place were there any gifferences in yield with
different sources of nitrogen.Abdel- Samie (1958) at Egypt,
reported no significant effect on the height of plants and
number of male and female flowers by varying the fertilizers,
although, the ratio of male to female flowers was greatest
with cotton - seed meal applied before planting. The highest
yields were obtained with a pre-planting dressing of cotton -
seed meal followed by pigeon manure during fruiting and pre -
plant cotton-seed meal application followeé by nitrate of
soda during fruiting.

Halsey (1959) at Florida, obtained significant increa;e
in the number of melons with increased rates of fertilizer
upto 2000 1b. per acre of 6 - 8 - 28 (NPK) fertilizer.
Experiments of Bradley and Fleming (1959) at Arkansas on
watermelon fertilization, revealed that good yields were
assured by 60 1b. N, 60 1b. P, and 30 to 601b. K per acre.
The main effect of adequate fertilizer was on the number and
not on the size of fruits and the sugar content was slightly
reduced Dby deficiency of any of the major nutrients. They
also put forward a method of finding critical percentage of P
and K, from foliar analysis which had given high rate of
accuracy in predicting yields. However, Locascio and Halsey
(1960) studying the fertilizer requirements at Florida

Experimental Station, reported that different rates of
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fertilizers had no effect on yields, but split application
increased the number of melons by 20 per cent, weight of the
marketable melons by 25 per cent, and average weight by 4 per

cent and early yields by 70 per cent.

While studying the effect of nitrogen fertilization at
Indiana, Brantley and Warren (1960) feported that application
of ﬁitrogen increased the number of pistillate flowers and
the 1increase was slight when the rates were above 100 kg N
per ha. But the per cent fruit set,- early and total yields
and fruit size were 1increased by nitrogen. A complete
fertilizer with 30 per cent N derived from natural organics
at Florida, resulted in significantly higher total yields and
early higher yields ( Everett, 1960), than-when 3 inorganic
nitrogen sources were used and Amonium sulphate gave the
highest yields. Likewise, Kasceev (1969) observed that
absence of nitrogen in the fertilizer mixture retarded growth
in the early stages of watermelon production and the absence
of nitrogen or high rates of nitrogen produced similar

yields.

Watermelon yields were highest at Florida (43.7 t/ha)
on plots receiving Sulphur coated urea at 140 kg/ha (Locascio
and Fiskell, 1975). Studying the effect of mineral
fertilizers on yields and quality of watermelon, Knysh and
Vakulenko (1976) reported that N, PZOS and KZO at 90, 135 and
90 kg per ha, incorporated to soil, improved the plant

growth and 1increased yields upto 43 per cent, but the

fertilizers had no appreciable effect on fruit sugar, dry



matter and Vitamin C content. Based on three year trials on
watermelon, Bhosale t al. (1978) in Maharashtra reported

highest yields (26t/ha) with nitrogen at 75 or 100 kg per ha.

Comparing the efficiency of Sulphur coated urea,
Locascio et al.(1978) found that single application of
various formulations of Sulphur coated urea, resulted in
yields equal to or exceeding those obtained with three split
applications of urea, at the same nitrogen rate. However, an
sandy soils at Gainsville, Brinen et al. (1979) realised both
higher yield and mean fruit weight with 1680 kg per ha, than
840 kg per ha, of 12-7-13, N P K fertilizer. Watermelon grown
on a chernozem so0il of Bulgaria, with a low nutrient content
showed that increasing amounts of organic and mineral
fertilizers, increased leaf area and consequently yields of
watermelon (Yusifov, 1983). He obtained the highest yield
(100% higher than that of control ) with 20 t per ha. of FYM
and 140 N, 170 PZO5 and 115 Kzo kg per ha. Yusifov (1984)
continuing his studies on the photosynthetic activity of

watermelon in relation to nutrition, recorded highest

- photosynthetic production during fruit ripening, on plots

receiving 20 t per ha of FYM and N P K at 100 : 130 : 80 kg
per ha. Similarly, Khristov (1984) 1in experiment at
Bulgaria, on the relationship between the growth and

productivity of watermelons and mineral fertilizers, reported

an optimum economic rate of 140 N and 120 P kg per ha.



2.3.2 Muskmelan

Enumerating the improved practices for getting higher
yields at Iowa, Peterson (1957), reported that plots
receiving animal manure produced greater yield increases than
unmanured plots. In trials with nitrogen nutrition to
muskmelon at Indiana, Brantley and Warren (1961) observed
that, in season of heavy rainfall, 30, 60 and 90 1b. nitrogen
per acre increased the number of perfect flowers, number of
fruits and total yield, while higher rates caused depressioh.
An application of 250 kg. per acre, reduced the number of
days from anthesis to maturity. However, Padda et al. (1969)
at Ludhiana, opined that application of 56 kg N per ha, is
most profitable, although yields were greater when double the
quantity was applied. Jassal et al. (1970) studying the
effect of certain doses of nitrogen, phosphorus and potassium
at Punjab, reported an increase in fruit weight and yield, by
application of nitrogen upto 165 kg per ha. £ While studying
the response of muskmelon to foliar application of nitrogen
and potassium on Loamy sand soils of Ludhiana, Randhawa and
Kirti Singh (1971) reported that foliar application of 1.5
per cent of nitrogen, proved more efficacious in the early
initiation of first hermophroditic flower, at lower node on
main axis, followed by potassium sprays. With increase in
amount of doses from 0 to 1.5 per cent, there was positive
responses in respect of yield, while negative response was
obtained 1in plants treated with 2.0 per cent nitrogen.

Jassal t al. (1972) reported an increase in the number of

flowers with N P K application. However,Wilcox (1973)
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studying the response of muskmellon to rates and sources of
nitrogen, obtained increased vine growth and intensifed leaf
colour by nitrogen at 33 kg per ha. But optimum growth and

yields were obtained with nitrogen applied pre-plant at 80 to

90 kg per ha. Gupta et al. (1975) reported an optimum
fertilizer rate of 106 kg N and 122 kg PZOS' for getting 99 g
per ha yield, under Bangalore conditions. Randhawa et al.

(1981) observed that the best results with regard to growth,
yield and quality could be obtained by applying N P K at 50
37.5 : 37.5 kg per ha.

Lazin and Simonds (1981) at Florida, concluded thét
fertilizer rates had no effect on marketable yield, but the
percentage of cull fruits was decreased, with highest
fertilizer rate of 2500 1b per acre of 6-8-8 (N—P;K)
fertilizer. In pruning and fertilizer trials at Haryana,
Baljeet ©Singh et al. (1982) failed to obtain any yield

increase at 100 kg N and 60 kg P per ha, as compared to

205
half these rates. Studying the growth and uptake of nutrient

elements on melons fertilized with 180 kg N, 120 kg P and

205

180 kg K,O per ha, Graifenberg and Petsas (1983) in 1Italy,

2
" observed vegetative development to be maximum between 30 and
45 days and fruit development between 45 and 60 days from
transplanting. The amounts of N, P and K, Ca and Mg required
to produce one quintal of frﬁits were 0.32, 0.053, 0.518,
0.495 and 0.52 kg respectively. From an experiment conducted

in South Korea, on the nitrogen levels of muskmelon, Kim and

Ito (1983) recorded the best fruit size and sugar content
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with 80 kg nitrogen per acre.

2.3.3 Cucumber

Mineral nutrition studies carried out by Afans'Ev (1940)
indicated that mineral manures could replace organic manures
and were sometimes more effective and quickly available at an
early stage of crop growth. The trace elements were found to
facilitate the 1intake of N, P and K, increase the sugar
content of cucumbers and improve their quality. He further
observed that, even though organic manures, notably poultry
manure and night soil were less efficiently wutilised, they
improved the quality of the soil. For growing cucurbits in
general, Zonn and Pavlova (1942) in Russia, found N and P
fertilizers to be more effective than K fertilizers. In long
term trials with different vegetables at Hamburg, Gericke
(1948) observed that, in addition to complete mineral
fertilizer, stable manure applied every 3 years increased the
cucumber yields by 81.3 per cent. However, Wittwer and Tyson
(1950) at Michigen, reported that on fairly productive soils,
band application of upto 500 lb. per ac. of 3 - 12. - 12
fertilizer would prove profitable for pickling cucumbers and
on a poorly drained soil, this amount may be_ increased to 800
lb. broadcast and 200 lb. ammonium nitrate added as side
dressing. Likewise, Charlottetown (1954) observed that
highest yields of good grade cucumber could be obtained by
applying 10 t of manure broadcast and 10 t in the furrows.
In top dressing trials with cucumbers, Peterson et al, (1954)

observed applications of 3.33 kg calcium nitrate per 100 mz,
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to favour earliness, while with organic manures highest
yields were obtained. On leached chernozems of Ukraine,
U.S.S.R., N P K applications to irrigated cucumbers incréased
yields by 35 to 70 per cent and improved dry matter and
vitamin C content (Bolotskih, 1969). Jagoda et al. (1970)
recommended an optimum nitrogen rate of 133 and 200 kg per ha

for unirrigated and irrigated cucumbers. But under

irrigation, high yields were obtained with FYM at 3 t per ha

and nitrogen at 66 kg per ha. However, Jagoda and
Koniszewski (1975) reported that, under irrigated
conditions, 600 kg N, P, K per ha was more efficient than

either 300 or 900 kg. On the contrary, Bradley et al. (1975)
recommended an optimum nitrogen level of 60 lbs per acre.
Likewise, Krynska (1975) observed good quality and increased
market values for cucumbers, when fertilized with 600 kg N P
K per ha. The best quality of sour -cucumbers were obtained
with 80 : 100 : 120 N, P205 and KZO kg per ha (Krynskaet al.,
1976). Studying the effect of fertilizer on cucumber yield
in northern Moldvia, Talmach (1977) observed that highest
yields could be obtained on chernozem soils by applying
compost at 25 t per ha, with N : PZO5 : KZO at 90 : 60 : 60
kg per ha.

Studying the dry matter production and N, P, K uptake
in greenhouse grown cucumbers, under drip irrigation with
nutrient solution, Massrawa et gl. (1984) recorded an yield

of about 70 t per ha. and total dry matter production of 80 t

per ha.  Total N, P and K uptakes were 220, 50 and 290 per
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ha. respectively.

The response of Cucumbitaceous crops to fertilizers have
been well documented. significant increase in fruit set,
early yields and marketable yields have been reported by
several workers. The absence of nitrogen in the early stages
retarded the growth of melons. Fertilizer application in the
range of 100 to 140 kg nitrogen per ha, in split doses |is
recommended. Nitogen application did not alter the fruit

sugar, dry matter or Vitamin C content appreciably.

2.4 Effect of plant population and fertilizers at different

levels of irrigation:

Based on comparative studies of the agronomic factors
affecting muskmelon yield in West pakistan, Gill and Ali
(1964) reported a spacing of 5 ft x 2 ft, with a maximum of
three irrigations to avoid fruit deterioration. The sugar
content was significantly increased by reducing the
irrigation from five to three and with wide spacing.

Jassal et al. (1970) working on melons in Punjab.
recorded higher yields and fruit weight, with 1increase in

nitrogen from 0 to 165 kg per ha and bi-weekly irrigation, as

compared to fortnightly irrigation. Krynska et al. (1976)
obtained best gquality cucumbers, with 80 : 100 : 120 kg N
PZOS : KZO per ha with 120 mm irrigation. At Florida, drip

irrigation with higher plant population (2.5' x 10'} in
watermelon, resulted in increased total yields with a 40 per
cent saving in water (Elmstrom et al., 1981). Smittle and

Threadgill (1982) at Tifton, U.S.A., observed highest



marketable yields of Squash with 22.5 kg nitrogen per ha,
through irrigation system with 0.3 bar soil water tension at
2, 3, 4, 5 and ©6 weeks after planting. From trials
conducted in Haryana, Chander and Mangal (1983) reported best
growth, flowering and cropping of melon with irrigation at

0.90 pan evaporation coefficient and 40 kg nitrogen per ha.

Sharma and Shukla (1972) studying response of pumpkin,
at Bangalore reported an optimum level of 103 kg nitrogen and
160 kg phosphorus per ha. While Gupta and Srinivas (1979) at
Bangalore, observed that applica{ion of 80 kg nitrogen and 65
kg phosphorus per ha was optimum in realising higher yields
of pumpkin cv.Arkachandan. For obtaining maximum yields of
Squash, Shukla and Gupta (1980) at Bangalore, recommended 100
kg nitrogen and 60 kg phosphorus per ha. Smittle and
Threadgill (1982) at Tifton, U.S.A., recorded highest yield
of Squash by applying 22.5 kg nitrogen per ha, at 2, 3, 4, 5
and 6 weeks after planting. While working on melons at
Haryana, Baljeet Singh et al. (1985) observed fertilization
with 100 kg nitrogen and 60 kg phosphores per ha to have
little effect on yield, as compared to half these rates and
the yield increased at 30 cm plant spacing, as compared to 60
cm spacing. Trials conducted at Bangalore, by Srinivas and
Prabhakar (1984) in muskmelon, indicated an optimum spacing

of 300 cm x 60 cm, with 60 kg nitrogen per ha for realising

higher yields.
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I11. MATERIAL AND METHODS

The details of the experimental techniques adapted and

procedures followed are presented in this chapter.

3.1 Experimental Site

The experiment was conducted at the Horticultural
Experiment  Station, Indian Institute of Horticultural
Research, Hessaraghatta, Bangalore during the summer seasons
(January to May) of 1984 and 1985. Hessaraghatta is situated

0

at 13 58' North latitude and 78° East longitude with an

altitude of 890 metres.

3.1.1. Soil Characters

Composite soil samples were drawn from the experimental
site for the upper 0-15 cm soil layer and analysed for soil
machanical composition and chemical properties. The single
value physical constants 1i.e. Field capacity, Permanent
Wilting Point and Bulk Density were estimated for the soil
depth of 120 cm at each 15 cm interval. The data are
presented in Table 3.1.

The soil of the experimental site is red sandy clay

+lpam (Udic Haplustalf) having low fertility. The soil is

nearly neutral in reaction and free from excessive salts. It
is low in organic matter, total nitrogen, available

phosphorus and potash.
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Table 3.1. Physical and Chemical properties 'of

soil at the experimental site,

Hessaraghatta

- e v e e e S e e e e G b am e e e e e e e e = e e e e o e v m = mm e e = e = e = = v = .

A. Mechanical composition

(0 - 15 cm)

1. Coarse sand (%)

2. Fine sand (%)
3. Silt (%)
4, Clay (%)

B. Chemical properties
(0 - 15 cm)

H
p

EC,/ASiemens / metre
Organic Carbon (%)
Available N (kg/ha)
Available P205(kg/ha)

Available KZO (kg/ha)

Value Method adopted
International
pipette method
(Piper, 1950)

41.3

23.0

3.7

32.0

6.70 Hesse (1972)
114.00 Hesse (1972)

0.45 Page et al. (1982)
242 .00 Page et al. (1982)

9,35 Page et al. (1982)
135.50 Page éi al. (1982)



Table 3.1 contd.

Single value physical constants

Field capacity
(0.33 bar)*

Permanent
wilting
point *
(15 bar)

Bulk density,
(g/cc)

" = — - v = e = = e = = e W e e AR e A e W e e e M ek o v = e = e - =

C.
Soil depth,

(cm)
1 0 - 15
2. 15 - 30
3. 30 - 45
4. 45 - 60
5. 60 - 75
6. 75 - 90
7. 90 -105
8. 105 -120

14.

16.

17.

17.

23.

29.

31.

31

45

36

22

54

28

94

24

.92

(per cent)

12.

16.

19

18.

.52
.46
.24

.96

68

84

.01

64

.62

.61

.60

.61

.60

.60

.08

.95

* Field capacity and permanent wilting point were

by pressure membrane apparatus

estimated

+ Bulk density was estimated by Core sampler method as per

Piper (1950}).

34



The field capacity ranged from 14.45 percent in the
upper O0- 15 cm to 31.92 percent in 105 - 120 cm soil depth.
The permanent wilting point was low in the upper 0 - 15 cm
(6.52%) and gradually increased with depth and was 18.64
per cent in the 105 - 120 cm depth. The bulk density was high
(1.62 g/cc ) in the 0 - 15 cm depth soil and decreased in the

lower depths and was lowest (1.55 g / cc ) in the 105-120 cm.

3.2. General Weather Conditions

The meteorological data for crop season (Jan- May) of
1984 and 1985 along with normal values (1954 - 1983) are
presented in Table 3.2. and graphically presented in figure
3.1. The normal wvalues are for G.K.V.K. Farm, U.A.S.,

Bangalore located 13.5 km away from Hessaraghatta.

The normal maximum température ranged from 26.9°C  in
January to 33.6°C in April for the crop growth period. During
1984, the maximum temperature was lower by 0.2°%C in January
and March, whereas, it was lower by Z.ZOC in February. The
maximum temperature was higher by 1.80C in May. During
1985,it was higher throughout the crop period and ranged from
O.QOC in January to 2 .80C in March, The normal minimum
temperatures ranged between 13.90C in January to 20.70C in
May. The minimum temperatures were higher during both the
years. During 1984, it was higher by O.QOC in April to 2.8O C
in January and in 1985, it was higher by 1.10C in May and

2.50C in January and February.

35



36

UOT}BIASGD :P

Z - &€ 0 147 % €1- 0L L - aL €8 Rew
4 LE 1 143 €€ L~ L g = YL 6L 1tady
z - L 8 LE 62 01~ L9 01- L9 LL UoJaew
S 62 9T 0§ 14 PI- 89 T - 18 Z8 Axenaqgag
1 6 T 06 8€ T - ¥8 v - v8 88 Axenuep
P 6867 P ¥861  TeuwioN p G867 p 78617  TBWION SUI U

(%) A1TpTuny aATIRI8Y UMWIUTK

(%) A1TPTUNH SATleT8Yy WNWIXeR

Aj1ptunyg aatieiey ‘d

1 8°1¢C v'1 1°2¢ L°0¢ €1 6'¢ce  8'1 v ve L AAY Rew
9'17 1°2¢ 6°0 v'1c €°0C 9'0 ¢'veE 970 0°¢e 9°tt 11ady
4 L' 6T T'1 L°81 9 LT 8'C B'€e T7°0 8°0¢ 0'1¢€ UDJENW
G°¢ 9 LT 92 L LT 1°61 g'1 T'1e  T7°C €' LT €°6¢ Azenagag
Gg'¢ ¥°91 8°2 L°91 6°€ET 6°0 B'LZ T'0 L9 6°9¢ Azenuep

p G861 p 7861 [euLION P G861 p 7861 [BULION SUIUOW

(D) @anjeJadws] UMWIUTH

(o}

ﬁuo ) aanjeasduw] wNUWIXen

aanieJedudl 'V

"ejep [e01807010939w ATuiuow (86T PUB pgET) TeNIOB DUR (£g - pGeL) [PWION Z°'¢ OTQEL



37

UOTIBIASD :P

v 8z- £ eVl 0'vZ - L°LPT LTTILT TVIOL
9'T - 9'L 8°0- 7©'8 Z°6 9rge- 718 8°¥G- 2°09 0°G611 - Aep
9z - 8°'9 T'T - ¢€°8 v'6 £°C2e 9°'19 €' ET- 0°9¢ £°6¢€ 11ady
LT - 8L £€'c- 7L G'6 0°8 - €0 G"8C 8'9¢ £°8 Yoaen
€'0 - 0L 2'2 - E°S 'L 19 - 0 6°LT 0°%2 1’9 Aaeniqa
¥°0 1'9 8°0 - 69 L*S 0°¢ - 0 Lz - L0 0°¢ Azenuep
p G861 p 7861  TEBUWION P G861 P 861  TBulloN SUIUON

(Aep/un) uotrieJodeas ued uadp (u) {iejUIRY

uotrieaodeag pue [TB] UulRy ‘D

(*pPiuocd) z-g 81qel



ATHLNOW 1VNLOV ANV TTVIAYON 'L-€ "9l d

IVII90710d03 L3N

viva

834 NVl

HYW

ddv "dVW 834 NVl AV ddV

AVIA

MAX. RELATIVE HUMIDITY,,

MAXIMUM TEMPERATURE , °C

o o N N9 ®© ®  ©» NN NN W W w W W w
“moo—‘b\xNU‘OO—'“m\:mmo—-Nw“m
L T T T T T T L L T T Taaal T T T T T

-
I =
Z
m
L i
(ey)
- §4
>
I e
by
I z|
>

MIN. RELATIVE HUMIDITY °k

N N N w w w ~ ~ w; —_ - p= = —_ N N N
N ® =~ > N 0 w O 9 N N o ® O N &
H— T T L 1 T T T T T T
L E
L m;

w
| g_
B3]
I 3
Sk
—<
MONTHLY RAINFALL, mm

— N w - (3] N ~ oo w ~

© © O o © © o o o ©°

T 1 =1 1 T T S B L
=
>
=z

[l

7861
TVINHON @&—e

G861

SR EE

qdVv

AV

EVAPORATION , mm [day
w (] ~ o]
T T i | I T

~N w E
T T i

NV

dYW 834

ddv

W
249




The maximum normal relative humidity ranged from 77 per
cent in March to 88 per cent in January. During 1984, it was
always less than the normal and was lower by 1 per cent in
February to 10 per cent in March. Likewise, during 1985, the
‘maximum relative humidity was lower by 4 per cent in January
to 14 per cent during February. The normal minimum relative
humidity between January and May ranged from 29 per cent in
March to 41 per cent in May. During 1984, it was higher by 1
per cent in April to 16 per cent in February as compared to
normal and in May the minimum relative humidity was the same.
However, during 1985, it was higher by 2 per cent in Januafy
to 5 per cent in February and was lower during March and May

by 2 per cent.

The average annual rainfall of G.K.V.K., Bangalore 1is
825 mm and that of Hessaraghatta, an average of 1980 to 1987
is 810 mm. The normal rainfall during the crop season (Jan-
May) 1is 171.7 mm. The actual rainfall was lower by 24.0 mm
during 1984 and by 28.4 mm in 1985. During January to May in
1984, the rainfall received was higher during February ( 17.9
mm), March (28.5 mm ) and lower in April (13.3 mm) and May
(54.8 mm), as compared to the normal rainfall. During 1985,
it was lower than the normal rainfall in all the months (3.0
mm in January to 33.6 mm in May), except in April which

received 22.3 mm higher rainfall than normal.
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From January to May, the normal mean monthly
evaporation rate varies from 5.7 mm per day in January to
9.5 mm per day in March.During 1984. the mean monthly
evaporation rate for the above period was less than the:
normal by 0.8 mm per day in January to 2.3 mm per day in
March. During 1985 also, it was lower by 0.5 mm per day in
February to 2.6 mm per day in April, whereas, it was highér

by 0.4 mm in the month of January.

3.3.Experimental details

The studies on " Response of watermelén to drip and
furrow irrigation wunder different nitrogen and plant
population levels" 1involved two field experiments, the

details of which are as follows

Experiment 1 : Effect of nitrogen and spacing under drip and

furrow irrigation in watermelon.

(cv. Arka manik]

'Treatment details

a) Nitrogen ievels : Three
N4 = 60 kg N / ha
N, = 120 kg N / ha
N3 = 180 kg N / ha
b) Spacing : Two
S1 = 300 cm x 60 cm (11,112 plants / ha)
S = 200 cm x 60 cm (16,666 plants / ha)
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¢) Irrigation methods : Two

11 = Drip irrigation at 0.50 pan
evaporation ratio (PER)
calculated on the basis of
whole area.

I = Furrow ' irrigation at depth of
irrigation water/cumulative pan
evaporation (IW/CPE) ratio of
0.50 with 5.0 cm depth of
irrigation water.

There were twelve treatment combinations. The factorial
experiment was laid out in a Randomised Complete Block Design
with three replications. The gross plot size was 12.0 m x 3.6
m with four rows in 300 cm row spacing and six rows in 200 cm
row spacing, with a uniform plant spacing of 60 cm. The net
plot sizes were 6.0 m x 3.6 m for 300 cm row spacing and 8.0

m x 3.6 m for 200 cm spacing, rspectively. The plan and

layout of the experimnt is given in Fig.3.2.

Experiment II: Studies on the comparative efficiency of drip
and furrow irrigation systems in watermelon.

Treatment details (cv. Arka manik).

a) Pan evaporation ratio (PER) calculated on the basis of

whole area and IW/CPE ratios : Four

40

Drip irrigation Furrow irrigation
I1 = 0.25 PER 0.25 IwW / CPE
I2 = 0.50 PER 0.50 1w / CPE
13 = 0.75 PER 0.75 IW / CPE
I = 1.0D PER 1.00 Iw / CPE
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b) Methods of irrigation ~ : Four

M1 = drip irrigation with one emitter per plant

sz = drip irrigation with one emitter per two plants

M3 = furrow irrigation with 2.5 cm depth of
irrigation water. »

M4 = furrow irrigation with 5.0 c¢m depth of

irrigation water.

There were sixteen treatment combinations and the
factorial experiment was laid out in a Randomised Complete
Block Design with three replications. The gross plot size was
12.0 m x 3.0 m with four rows of 300 cm and an uniform plant
spacing of 60 cm. The net plot size was 6.0 m x 3.6 m. The
plan and layout of the experiment is given in Fig. 3.3. The
layout and randomisation were the same for both the

experiments in 1984 and 1985.

3.3.1. Installation of drip irrigaton unit

The drip irrigation wunit was 1installed in the
experimental site measuring 100 m length and 50 m width as
per treatments. The wunit consisted of four stage filtér
system with a mesh of 100 and 80 microns, water meter,
control valve, air-exhaust valve and pressure gauge attached
in series to the main line of 5.0 cm diameter. The sub-mains
(5.0 cm diameter), laterals (1.25 cm diameter) and point
source adjustable emitters connected to the laterals were

other components of the drip unit.
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The entire pipe net work was made of low density
polyethylene (LDPE) material. The laterals were running
parallel to the plant rows. The water source was from a bore
well located at a distance of 150 m from the experimental
site, to which the main pipe line was connected. The excess
water was let out through two sub-mains located at a distance
of 50 m. Thus, it was ensured that emitters located at
different points on the laterals throughout the experimental
area were letting out the required diécharge uniformly. Four
stage filter was connected to the main line just prior to the
bifurcation, 1into sub-mains in order to ensure flow of clear
water in the drip system. Since the water was directly drawn
from the bore well into the drip system, the water was
completely devoid of all sediments. The sub-mains started
from the point where the filfering system out-let terminated.
From this point, the sub-mains were laid at 25 m on either
side, parallel to the main line and 50 m perpendicular to the
main line. From these sub-mains, the lateral pipe lines were
drawn on either side depenQing on the plant rows with the
help of saddles fitted to the sub-mains. Emitters were fixed
to these laterals at 60 cm distance uniformly for Experiment
I and either at 60 cm (one emitter per plant) or at 120 cm
(one emitter per two plants) in Experiment II. The lateral
pipe lines were flushed with water repeatedly and closed with
the help of end plugs after ensuring that there is continuous

water flow in each of the lateral line.
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3.4. Land Preparation

A general crop of cowpea was sown during Kharif seasons
of 1983 and 1984 1in order to even out the fertility
variations in the field. After the harvest of the crop, the
land was thoroughly ploughed, harrowed, levelled and worked
with a cultivator criss-cross. Then the plots were laid out
as per the plan. Furrows of 60 cm width and 3.6 m length were
opened at a distance of either 2 m or 3 m, as per the
treatment in Experiment I, and uniformly at a row distance of

3 m in Experiment II.

Small Dbasins were opened on one side of the furrow at
a distance of 60 cm. All the field channels for the surface
~irrigation were lined with thick gauge polyethylene sheets to
prevent percolation losses and convey the measured quantity

of water to the experimental plot.

3.5. Fertilizer application and sowing ‘

Entire quantity of 100 kg PZOS (as Single Super

Phosphate) and 40 kg K,O (as Muriate of Potash) per ha, along

2
with 50 per cent of N (as urea) were mixed and applied as per
the treatments viz., 60, 120 and 180 kg N / ha in Experiment
I and 100 kg N /ha in Experiment II. Furadon (3 % a.i.) at
the rate of 30 kg per ha was also applied along with the

fertilizers, for the control of pests in the early stages of

crop growth.

Two days prior to planting, each plot (43.2 mz) was

given 1080 litres of water (25 mm depth ) to bring the top
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soil to field capacity and to facilitate good germination.
Irrigation water was measured using a Parshall flume of 7.62
cm (3 1inches ) throat width, before letting out the water
into each plot. Since the ratio between Hb and Ha gauge
points in the Parshall flume did not exceed 0.6, it was
considered as "free flow". Depending on the head observed in
converging section (Ha } of the throat of Parshall flume, the

time was adjusted to let in the desired quantity of water in

~each plot.

Two to four seeds of watermelon were sown in each of
the basins on 27th and 20th January during 1984 and 1985,
respectively. Two plants were retained later in each basin.
The remaining 50 per cent N was top dressed 30 days after

sowing. The vines were trained on one side of the furrow when

they started running after 30 days of sowing.

3.6. Cultural operations after sowing

Two common irrigations of 25 mm depth (1080 1/plot)
each were given to the plots after sowing and before the
imposition of treatments. The crop was sprayed regularly with
Nuvacron (1 to 1.25 ml1/1) along with Sulphur (2g/1) or any
other copper fungicide to control the pests and diseases.
Fruits were harvested in two to three pickings starting from
95 days after sowing and was.completed‘by 110 days. Care was
taken to see that only the fruits which are fully ripe were
harvested each time. The suitability of harvesting of fruits

was judged by either the vine drying at the point of fruit
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attachment or change 1in colour (green to yellow) or Dby
tapping the fruit (a mature fruit will invariably produce a
dull sound}.

3.7 Scheduling of irrigation

The irrigation treatments were imposed after
germination and complete establishment of the crop (10 - 15
days}. The frequency of irrigation for drip and surface

methods were as follows
Experiment I
I1 = Drip irrigation: Daily replenishment of 50 per

cent of the evaporation losses from U.S.W.B.
Class I open pan evaporimeter (0.50 PER).

12 = Furrow irrigation : When the cumulative pan
evaporation (CPE) reached 100 mm,
irrigation water applied was 50 mm (0.50

IW/CPE ratio).
Experiment II

a) Drip irrigation:

0.25 PER : Daily replenishment of 25 per cent
of the evaporation losses from
U.S.wW.B. class I open pan
evaporimeter,
0.50 PER : Daily replenishment of 50 per cent
of the evaporation losses from
U.5.W.B class 1 open pan
evaporimeter.
0.75 PER : Daily replenishment of 75 per cent
' of the evaporation losses from
U.S.W.B class I open pan
evaporimeter.
1.00 PER : Daily replenishment 0f100 per cent
of the evaporation losses from

U.S.W.B class I open pan
evaporimeter.



b)Furrow irrigation:

i) 2.5 cm depth of irrigation water

0.25 IW/CPE : After 100 mm of cumulative pan
evaporation.

0.50 IW/CPE ¢ After 50 mm of cumulative pan
evaporation.

0.75 1IW/CPE : After 33 mm of cumulative pan
evaporation.

1.00 IW/CPE ¢ After 25 mm of cumulative pan

evaporation.

ii) 5.0 cm depth of irrigation water

0.25 1IW/CPE : After 200 mm of cumulative paﬁ
evaporation.

0.50 IW/CPE : After 100 mm of cumulative pan
evaporation.’

0.75 1IW/CPE <~ After 66 mm of cumulative pan
evaporation.

1.00 IW/CPE : After 50 mm of cumulative pan
evaporation,

For drip irrigation treatments also, a notation iW/CPE
is wused 1in results and discussion, but it refers to pan
evaporation ratio (PER). The discharge rate in case of drip
irrigation was adjusted to 4 litres per hour uniformly
throughout the experiment. The amount of water to be given
through each emitter wunder different PER ratios was
calculated daily and the time of operation of drip system was

regulated accordingly. Daily evaporation and rainfall data
are presented in Appendix I and II.



3.8. Crop observations

Five plants were labelled in the net plot at random in
each treatment, for periodical observations. The observations
on vine length, vine girth, number of leaves per plant,
number of male and female flowers produced and number of
branches were obtained from these plants. For dry matter
studies, leaf area measurements and for partitioning the
plant and fruit separately in the final stage, another set of
five plants in the gross plot was randomly cut at the base
near the ground level and washed thoroughly to remove the
soil adhering to it. The plants were washed in dilute acid,
teepol, distilled water and double distilled water and air
dried for few days before drying it in the oven at 65°C till
constant weight. Fruits were also separated from the plant in
‘later stages of sampling and the fresh weights were recorded.
From the total, a representative sample of 500 g was taken in
a large petri-dish, treatmentwise anq oven dried separately.
The plants were sampled at 20,40,60,and 80 days after the
emergence(DAE) of seeds (10 - 15 days).Plant and fruit
samples collected at first picking of fruits(80 DAE) were
considered as the final sampling.The leaf area of the plants
were recorded using a leaf area meter LICOR 3000 at each of
the samplings.The dried plant and fruit samples were powdered
in a multiplex grinder and the powdered samples were used for

estimation of N, P, K, Ca and Mg.
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3.8.1 Growth and Growth components

Vine length : The vine length was mesured from the base

of the vine to tip of the vine and the average vine length
was worked out.

Vine girth : The vine girth was recorded at the middle

of the vine using a Vernier Callipers and the average vine
girth was calculated.

Number of leaves : Total number of fully opened leaves

both on the main axis and those arising on the branches were
counted. From this, the average number of leaves per plant
was worked out.

Number of branches: The total number of branches arising

out of the main stem were counted and the average number of
brances per plant was calculated.

Flowering and Fruiting : The flowers produced on each

plant was tagged daily, from the date of flowering till the
flowering ceased. Finally, the total number of male and
female flowers were counted along with the number of fruits
set in each plant. The node at which the first female flower
occurred was also recorded. |

Leaf area (LLA) : The leaf area was determined at each

sampling wusing a LICOR Model - 3000 ieaf area meter and the
leaf area per plant (cmz) was worked out.

From the basic observations on leaf area and total dry
matter production per plant, other growth parameters viz.
Leaf Area index (LAI), Leaf Area Duration (LAD), Relative
Growth Rate (RGR), Net Assimilation Rate (NAR) and crob

Growth Rate (CGR) were computed.
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Leaf area index (LAI) : Leaf area index is the ratio

of the leaf area of total plant cover to the ground area.
From leaf area per plant, leaf area index was worked out as

suggested by Hunt (1978).

Leaf area duration (LAD): Leaf area duration is the

integral of the LA over the growing period. LAD was
calculated from LA as per the formula suggested by Hunt

(1978) and expressed in dm2 days.

Where L1 and Lz are leaf area at T1 and Tz.

Relative growth rate {RGR) : The RGR represents the

rate of increase in dry matter per unit of dry weight and

expressed in g per g per day. It was calculated using the

formulaof Hunt (1978).

where W1 and W2 are the dry matter production per plant at

time t1 and t2 respectively.

Net assimilation rate (NAR) : NAR is the rate of increase in

dry matter per unit leaf area and expressed as g per dm2

(leaf) per day. NAR was calculated as per Hunt (1978).

NAR R~ DU = S a__._1 ..
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where 1, and L, are leaf area in dm? per plant and W, and Wz

are dry matter production per plant at time t1 and tz

respectively.

Crop growth rate (CGR): CGR is the growth rate per unit area

of ground expressed as g per dm2 (land) per day. It was

worked out by adapting, CGR = NAR x LAI as suggested by Hunt .

(1978).

3.8.2. Yield and yield components

Fruit yield : Completely matured fruits were harvested

judging by the available maturity standards such as (é)
drying of tendrils opposite to the leaf, (b) yellowing on the
surface of the fruit, and (c) dull sound when tapped. The
fruits were harvested treatment wise from each net plot;
counted and weighed. Totally, there were +two to three
pickings for complete harvest. The yield of individual

pickings were totalled to obtain the total yield per plot.

Number of fruits : The fruits harvested from each plot were

counted and the total number of fruits per hectare was worked

out. Five fruits were picked at random from each plot at
harvest, for recording individual fruit observations.
Average fruit weight: The average fruit weight was

calculated by dividing the weight of the fruits by number of

fruits per plot.
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Fruit shape index : For obtaining the fruit shape index, the

polar and equatorial diameters of the fruits were
recorded.The ratio of longitudinal (polar) diameter by
equatorial (cross) diameter gives the fruit shape index
(Davis et al., 1964).A fruit shape index of 1.0 means nearly

spherical, 1.0 to 1.2 means slightly oblong and 1.2 means

very oblong shape.

Flesh thickness : Flesh thickness was obtained by following

the formula of Davis et al. (1964).
Melon cross diameter = Cavity
with out rind diameter
Flesh thickness =

Rind thickness: Rind thickness was obtained by deducting the

flesh thickness from the equatorial diameter.

Number of seeds per fruit : The seeds from each of the five

randomly collected fruits was extracted , cleaned and washed
thoroughly and air dried.These seeds were counted
treatmentwise and the number of seeds per fruit was recorded.
Weight of seeds : The weights of the counted seeds of fruits
were recorded and the seed weight per fruit was determined.
Hundred seeds were taken separately from each treatment and

weighed.

3.9. Quality studies

Total Soluble Solids (TSS) ‘: It was determined in five

randomly picked fruits from each treatment, wusing a Hand
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Refractometer. A small <central portion of the flesh was
‘squeezed to get a few drops, of juice which was placed on the
refractometer and the readings were read on percentage basis.
The necessary temperature corrections were made (Ranganna,

1877).

Nitrate-Nitrogen : A portion of the flesh from each cut open

fruit was placed in a muglin cloth and squeezed into a bottle
to obtain about 100 ml juice. This juice was used directly

for estimating NO,-N, using nitrate electrode in a digital

3
ion activity meter. A standard curve was drawn by different

standard solutions and the necessary calibrations were done.

Sugar estimations : The sugar estimations were done as

described by Ranganna (1977). The procedure followed was as
per Lane and Eynon method . Both the reducing and total

sugars were determined in the juice.

a) Estimation of Reducing sugars: A sample of 10 ml of

- i

Watermelon fruit juice was pipetted out into a conical flask
to which 50 ml of distilled water was added and neutralised
with 1 N NaOH. To this, 2 ml of lead acetate was added and
stirred well and allowed to stand for 10 minutes. Potassium
oxalate was added to remove the excess lead acetate. The
solution was then filtered and the volume made upto 100 ml.
One ml each of Fehling's A and B solutions were taken in a
conical flask and 5 ml of water was added. This was boiled on
a hot plate after adding 2 - 3 drops of methylene blue

indicator. The sugar solution was slowly added from the
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burette to the Fehling's solution mixture at the time of
boiling, till the brick red colour appears.The volume of
sugar solution run down was noted. The per cent reducing
sugars was calculated as follows:

| mg. of invert sugar x dilution x 100

Reducing sugars =  =--cemcmccmcmmc e e e
. Titre value x volume of the sample x 100

b) Estimation of Total Sugars: A sample of 50 ml.of sugar

solution prepared was taken in a conical flask and 10 ml of
HCL (1:1) was added. It was allowed to stand at room
temperature for 24 hours. This was neutralised with

concentrated NaOH and the volume was made upto 100 ml.

One ml. of Fehling's A and B solution was taken in a
conical flask and a small quantity of water (5 ml ) was added
and boiled, adding a few drops of methylene blue indicator.
To this, the sugar solution was added till the brick red
colour appeared. The volume of sugar solution added was noted
down. The per cent total sugars was calculated as:

mg. invert sugar X dilution’x 100

Total sugars et et
Titre value x volume of sample x 100

3.10. Plant water Studies

Relative water <content (RWC)}: For estimating the relative

water content, leaf samples were collected from each treat-
ment around mid day. The samples were obtained by cutting the
leaf to the base of the petiole and transferred immediately

to a polyethylene bag and secured tightly. Fully expanded
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leaf devoid of any diseases were chosen for the sampling. The
leaves were brought to the laboratory and weighed. Leaf
samples were placed in petridishes containing distilled water
and covered with the 1lid. Enough care was taken to see that
the leaves were completely immersed in the water. After
allowing the leaves to stand in water for 3 - 4 hours, they
were taken out and wiped with a blotting pdper to remove
excess water sticking to the surface and its turgid weights
were recorded. The leaf samples were then oven dried at 65°¢
till constant weight and the dry weights were recorded. The
RWC was determined for two irrigation cycles. The relative

water content was calculated as

Fresh weight - Dry weight

Turgid weight -Dry weight

Osmotic potential: For determining the osmotic potential

of the 1leaf, samples were collected around mid day and
wrapped in an aluminium fdil and transferred to a butter
paper bag and kept for thawing over night. To measure the
inter -cellular osmotic pressure, a disc of tissue that had
been blotted was frozen and thawed on;e to fracture the cell
mebranes. After thawing, the leaf disc was placed in a Wescor
5100 C Vapour pressure Osmometer and osmolality was measured
after vapour pressure equilibrium was attained.

The above method assumes that a ma&atric potential
arising from surface tension in cell and <capillaries 1is
equivalent to the matric potential of the standard paper disc

saturated with standard solution used to calibrate the' Osmometer. .
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85.

The Osmotic potential was determined for two irrigation

cycles.

3.11. Water use and soil moisture studies

Water wuse: The quantity of irrigation water applied was as

per the treatments based on cumulative pan readings.

In case of drip irrigation, the quantity of water
applied through drip system was based on the pan evaporation
ratio. Whenever the rainfall occurred, the drip system was
not operated and effective rainfall was assumed to be equal
to the quantity of water to be applied through the drip. In
case of furrow irrigation, whenever the rainfall occurred,
irrigation water application was postponed, till the
cumulative pan evaporation values reached the required IW/CPE
ratios including rainfall. The soil moisture content for
0 - 90 cm depth of the soil was also noted, at sowing and at

harvest and the contribution of soil moisture for the crop

use was calculated. Thus, the water use of the <crop was
arrived at, as follows ;
Water use = Irrigation water applied + Effective rainfall =«

soil moisture contribution.
Pre-sowing irrigations were given and the so0il moisture upto

90 cm depth was brought to field capacity.

Soil moisture studies: The per cent soil moisture under
drip 1irrigation with a discharge rate of 4 1 per hr was
recorded 20 cm away from the emitter to a depth of 90 cm at

30, 60 and 90 days after emergence to observe the soil



moisture status under drip system and are presented in Table
3.3. The moisture per cent varied from 15.02 at 0 - 15 «cm
depth to 29.27 per cent at 75 - 90 cm depth and the
variations at different depths during 1984 and 1985 were

less.

To observe the so0il moisture status under furrow
irrigation with different IW/CPE ratios, soil samples were
collected before and after irrigation for four irrigation
cycles to a depth of 90 cm and the mean soil moisture per
cent are graphically presented in Fig.3.4. The moisture per
cent varied from 14.0 per cent at 0 - 15 cm depth to 28.95
per cent at 75 - 90 cm with 0.25 IW/CPE ratio, before
irrigation to 14.68 per cent at 0 - 15 cm depth to 29.11
per cent at 75 - 90 cm depth with 1.00 IW/CPE ratio, after

irrigation.

3.12. Canopy temperature and Root studies

Canopy temperature : Conopy temperature was recorded between

12 noon and 1 pm by using an Instatherm (Model 14 - 220 D -
1,7). The instrument was <calibrated to the calibration

temperature and held 90 cm above the canopy, until a constant

temperature was noticed. This stable temperature was recorded

in each treatment, daily, for 2 irrigation cycles.

Root studies : For root measurement studies, the soil

near and around the roots was slowly excavated after the
complete harvest of the crop. Care was taken to see that the

entire root system to a depth of 90 cm, along with lateral
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Table 3.3 Per cent moisture under drip irrigation (20 an away
from the emitter)

Soil depth, cm
Treatment 0-15 15-30 30-45 45-60 60-75 75-30

A. 30 DAE

1. One emitter
per plant 1984 15.72 16.41 17.32 17.64 23.21 29.25

1985 15.62 16.28 17.40 17 .56 23.08 28.96
2. One emitter
per 2 plants 1984 15.06 16.27 17.30 17.51 23.11 29.18

1985 15.21 16.32 17.25 17.44 23.06 29.12

B. 60 DAE

1. One emitter
per plant 1984 15.48 16.32 17.26 17.66 23.19 29.19

1985 15.52 16.29 17.35 17.58 23.10 28.80
2. One emitter
per 2 plants 1984 15.05 16.28 17.21 17.49 23.08 29.02

1985 15.42 16.35 17.12 17.37 23.11 29.25

C. 90 DAE

1. One emitter :
per plant 1984 15.33 16.11 17.31 17.40 23.20 29.11

1985 15.41 16.08 17.20 17.32 23.14 29.27
2. One emitter
per 2 plants 1984 15.28 16.30 17.18 17.52 23.17 29.27

1895 15.21 16.22 17.31 17.48 23.02 29.51




roots were extracted. The entire root system was carefully
washed to remove the adhering soil. The tap root length was
measured and the lateral roots were counted. The entire root
mass was oven dried at 65°C and the dry weights were

recorded.

3.13. Chemical Analysis

A sample of five plants harvested at random for dry
matter studies at 40, 60 and 80 days after emergence was used
for determining nitrogen content, according to me t hod
described by Jackson (1967), Phosphorus and potassium by
using Technicon Auto Analyser II and calcium and Magnesium by
using Perkin-Elmer 5000 Atomic Absorption Spectrophotometer.
At harvest, the plants were partitioned into shoot and fruit

and the nutrient contents were determined separately.

3.14. Statistical analysis and interpretation of data

Fisher's method of Analysis of variance was adapted
for analysis of the data and interpretation of results. The
levels of significance used in 'F 'test and calculation of C.
D. values were at P = 0.05. Interaction effects .are also
presented, where ever these were found to be statistically

significant.
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EXPERIMENTAL RESULTS



IV. RESULTS

The results of the studies on the "Response of
watermelon to drip and furrow irrigation under different
nitrogen and plant population levels " which involved two

field experiments are presented in this Chapter.

4.1 Experiment I : Effect of nitrogen and spacing under

drip and furrow irrigation in watermelon.

4.1.1 Growth and growth components

4.1.1.1 Vine length

The data on vine length of watermelon as influenced by
nitrogen, spacing and method of irrigation at different

stages are presented in Table 4.1,

Effect of nitrogen :° Vine length increased with the
increase 1in the levels of nitrogen, at all the growth stages
(20, 40, 60 and 80 DAE) during both the years, although the
differences were statistically significant only at l20 DAE
during both the years and at 40 DAE during 1985.

During 1984 at 20 DAE, vine length increased
significantly from 12.3 cm with 60 kg nitrogen per ha to 13.3
cm and 21.0 cmvwith the application of 120 kg and 180 kg
nitrogen per ha, respectively.

During 1985 at 20 DAE; it increased significantly
with the application of 180 kg nitrogen per ha (18.1 cm) as
compared to 60 kg (9.7 cm) and 120 kg (10.5 cm) nitrogen per
ha. At 40 DAE, the vine length increased significantly from

86.7 cm with 60 kg nitrogen per ha to 105.1 cm with 120 kg
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nitrogen per ha and there waé no significant increase in vine
length, with further increase in nitrogen level to 180 kg
nitrogen per ha (110.0 cm}.

Effect of spacing : There was no significant
difference in vine length between row spacings, at any of the
growth stages during both the years.

Method of irrigation : Vine length wunder drip
irrigation was generally higher than that wunder furrow
irrigation at all the stages, but the differences were
statistically significant only at 60 DAE during both the
years. At this stage during 1984, the vine length was 288.5
cm with drip irrigation and 254.4 cm with furrow irrigation.
During 1985, these values were 254.6 cm with drip irrigatioh

and 228.3 cm with furrow irrigation.

4.1.1.2 Vine girth

The data on vine girth of watermelon as influenced
by nitrogen, spacing and method of irrigation are presented
in Table 4.2,

Effect of nitrogen : Vine girth generally increased with
the increase in nitrogen application upto 180 kg per ha, buf
the differences were statistically significant only at 40 DAE
during 1985. At this stage, it increased significantly froﬁ
0.86 cm with 60 kg nitrogeﬁ per ha to 1.11 cm with 120 kg
nitrogen per ha. The difference in vine girth between 120 kg

and 180 kg nitrogen per ha was not statistically significant.

Effect of spacing : The difference in vine girth
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between the two row spacings was not statistically
significant at any of the growth stages during both the
years. However, vines had slightly higher girth under wider
row spacing of 300 cm than under narrow row spacing of 200cm.

Method of irrigation : Vines under drip
irrigation recorded slightly higher girth at all the growth
stages during both the years, as compared to furrow irrigation

but the differences were not statistically significant.

4,1.1.3 Number of leaves per plant

The data on the number of leaves per plant of
watermelon at all the growth stages as influenced by
nitrogen, spacing and method of irrigation are presented in
Table 4.3.

Effect of nitrogen : The number of leaves per plant
increased with increase, in the level of nitrogen application

at all the stages, but the variations were statistically

significant at 20 DAE during 1985, at 40 and 80 DAE during

both the years.

During 1984, at 40 DAE, the number of leaves increased
significantly from 33.1 with 60 kg nitrogen per ha to 43.3
leaves with 180 kg nitrogen per ha and the difference between
60 kg and 120 kg nitrogen was not statistically significant.
At 80 DAE, it was significantly higher (80.9) with 180 kg
nitrogen per ha, as compared to 60 kg nitrogen per ha (42.1)

and the differences between 60 kg and 120 kg as well as

between 120 kg and 180 kg nitrogen per ha were not

statistically significant.
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During 1985, at 20 DAE, the number of leaves was

significantly higher (3.4) with 180 kg nitrogen per ha as
compared to that at 60 kg nitrogen per ha (2.6) and the
difference between 60 kg and 120 kg nitrogen was not
significant. At 40 DAE the number of leaves was
significantly higher (32.6) with 180 kg nitrogen per ha, as
compared to 60 kg nitrogen per ha (26.7) and the difference
between 60 kg and 120 kg nitrogen per ha was not
statistically significant. At 80 DAE, it increased
significantly with 120 kg nitrogen per ha (75.5) as compared
to 60 kg nitrogen per ha (58.6) but the difference between
120 kg and 180 kg nitrogen per ha was not statistically
significant. /
Effect of spacing : Closer row spacing of 200 cm resulted in
slightly higher number of leaves per plant at all the growth
stages during both the years, as compared to 300 cm row
spacing. The differences, however, were no; statistically
significant.

Method of irrigation : Plants under drip irrigation had

higher number of leaves, as compared to that wunder furrow.

irrigation at all the stages during both the years, although
the differences were statistically significant only at 40
DAE. At this stage during 1984, drip irrigation recorded
significantly higher leaf number (37.6), as compared to furrow

irrigation (35.0). The trend was similar during 1985.
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4,1.1.4 Dry matter production:

The data on dry matter production in watermelon at

different stages as influenced by nitrogen, spacing and
method of irrigation are presented in Table 4.4.
Effect of nitrogen : Statistically significant differences in
dry matter production were observed, due to nitrogen levels,
during both the years except at 20 DAE in both the years, at
40 DAE during 1984 and at 80 DAE in fruit during both the
years.

During 1984, at 60 DAE, dry matter production was
significantly higher (80.42 g/plant) with 180 kg nitrogen per
ha, as compared to 60 kg nitrogen per ha (59.10 g/plant).
However, the differences between successive levels of
nitrogen application were not significant. At 80 DAE, there
was significant increase in total dry matter, when nitrogen
application increased from 60 kg (356.27 g/plant) to 120 kg
nitrogen per ha (412.56 g/plant). The variation in dry matter
with 120 kg and 180 kg nitrogen per ha was not statistically
significant. Similar trend was noticed with respect to shoot
dry matter at this stage.

During 1985 at 40 DAE, 120 kg nitrogen per ha (19.56
g/plant) increased the dry matter production significantly as
compared to 60 kg nitrogen per ha (14.69 g/plant) and the
difference between 120 kg and 180 kg nitrogen per ha was nof

statistically significant. At 60v DAE, it increased

significantly from 53.58 g per plant with 60 kg nitrogen per

ha to 71.93 g per plant with 180 kg nitrogen per ha and the
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difference Dbetween successive levels of nitrogen were also
not statistically significaﬁt. At 80 DAE, application of 180
kg nitrogen per ha (391.43 g/plant) resulted in significantly
highest total dry matter, as compared to 60 kg nitrogen per
ha (318.22 g/plant) and 120 kg nitrogen per ha (333.47
g/plant) which were on par. Shoot dry matter production also
followed a trend similar to that of total dry matter.“

Effect of spacing : Wider row spacing of 300 cm resulted in
higher dry matter per plant, as compared to 200 cm row
spacing. The differences, however, were statisticaliy
significant only at 80 DAE during 1984. At this stage, the
variations in the dry matter of shoot (257.93 and 195.44
g/plant at 300 cm and 200 cm respectively), fruit (184.33 and
156.15 g/plant at 300 cm and 200 cm respectively) and their
dry matter (442.26 and 351.60 g/plant at 300 cm and 200 cm
respectively) were significantly different.

Method of irrigation: Drip irrigation resulted in higher dfy
matter at all the stages during both the years, as compared to
furrow irrigation. However,the variations were statistically
significant only at 60 DAE and at 80 DAE in the shoot and
total dry matter, during 1984. At 60 DAE during 1984, drip
irrigation recorded significantly higher dry matter (81.30
g/plant). as compared to furrow irrigation (57.66 g/plant).
Similarly at 80 DAE, the total dry matter was significantly
higher (417.03 g/plant) under drip irrigation, as compared to
furrow irrigation (376.91 g/plant). At this stage, the shoot
dry matter was also significantly higher (243.87 g/plant)

with drip irrigation, as compared to furrow irrigation
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(209.51 g/plant).

4.1.1.5 Number of male and female flowers, primary branches

and node of first female flower occurrence.

The data on number of male and female flowers,
primary branches and first female flower occurrence in
watermelon are presented in Table 4.5.

Number of male flowers

Effect of nitrogen : During 1984, the number of male
flowers were significantly higher (60.5) with 60 kg nifrogen
per ha,as compared to both at 120 kg (47.8) and 180 kg (48.2)
nitrogen per ha, which were on par. Similar trend was‘
observed during 1985. | '

Effect of spacing : During 1984, wider row spacing of 300 cm

produced significantly higher number of male flowers (59.4)

as compared to closer row spacing of 200 cm (54.6). Similar

trend was observed during 1985, but the difference was not

statistically significant.

Method of irrigation : The differences in the number of male

flowers produced was not statistically significant due to

method of irrigation, in both the years. However, drip

irrigation had more number of male flowers, as compared to
furrow irrigation.

Number of female flowers:

Effect of nitrogen : During 1984, the number of female
flowers was significantly higher (4.7) with 120 kg nitrogen
per ha, as compared to both 60 kg (3.2) and 180 kg (3.7)

nitrogen per ha. Similar trend was noticed during 1985,
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Effect of spacing : Wider row spacing recorded slightly
higher number of female flowers, as compared to closer row
spacing, but the differences were not statisticaliy
significant during both the years.

Method of irrigation : The differencés in number of femalg
flowers produced, due to the method of irrigation were
statistically significant in both the years. Drip irrigation
recorded significantly higher number of female flowers (4.1
in 1984 and 4.3 in 1985) as compared to, furrow irrigation
(3.6 in 1984 and 3.8 in 1985).

Number of primary branches:

Effect of nitrogen : The number of branches increased wiih
the nitrogen levels from 60 kg to 180 kg per ha, during both
the years. However, the variations were not statistically
significant.

Effect of spacing : Closer row spacing of 200 cm recorded
higher number of branches, during both the years, as compared
to the wider row spacing of 300 cm, but the differences were

not statistically significant.

Method of irrigation: Drip irrigation had higher number of
branches, as compared to, furrow irrigation during both the
years. However, the differences were not statistically

significant.

Node of first female flower occurence

Effect of nitrogen : During 1984, female flowers appeared at
significantly higher node (4.3), with 60 kg nitrogen per ha,

as compared to 120 kg nitrogen per ha (3.3). The difference
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between 120 kg and 180 kg nitrogen per ha, was not stati-

stically significant. Similar trend was observed during 1985.

Effect of spacing : Closer row spacing produced the female

flowers at lower nodes, as compared to wider row spacing.

However, the differences were not statistically significant.
Method of irrigation : Significant differences were not
observed in female flower occurrence due to method of

irrigation during both the years.

4.1.1.6 Leaf area per plant

The data on the leaf area per plant in watermelon
at different stages as influenced by nitrogen, spacing and

method of irrigation are presented in Table 4.6.

Effect of nitrogen : Leaf area increased with the increase in
nitrogen application at all the growth stages, during both
the years. The differences, however, were statistically
significant only at 80 DAE, during 1984. At this stage, leaf
area increased significantly from 2530 cm2 per plant with 60
kg nitrogen per ha to 3591 cm2 per plant with 180 kg nitrogen
per ha. The difference between 60 kg and 120 kg nitrogen per

ha was not statistically significant.

Effect of spacing : Wider row spacing of 300 cm resulted 1in
higher leaf area per plant, as compared to closer row spacing
of 200 cm, at all the, stages during both the years, but the
variation was statistically significant only at 80 DAE during

1984. At this stage, <closer row spacing of 200 cm recorded
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lower leaf area (2329 cmz/plant.) as compared to wider row

spacing of 300 cm (3518 cmz/plant).

Method of irrigation : Drip irrigation produced higher leaf
area, at all the growth stages of the crop, during both the
years than those grown under furrow irrigation. However,
statistically significant differences were recorded only at
60 and 80 DAE during 1984. At 60 DAE, drip irrigation had
significantly higher leaf area (5691 cmz/plant), as
compared to furrow irrigation (4062 sz/plant). Likewise,
at 80 DAE drip irrigation had significantly higher leaf area
(3477 cmz/plantL as compared to furrow irrigation (2369

cmz/plant).

4.1.1.7 Leaf area index

The data on leaf area index of watermelon as influenced
by nitrogen, spacing and method of irrigation are presented

in Table 4.7.

Effect of nitrogen : Increése in nitrogen levels increased
the leaf area index, at most of the growth stages, during
both the years. The differences, however. were statistically
significant only at 80 DAE, during 1984. At this stage, leaf
area index increased from 0.338 with 60 kg nitrogen per ha to
0.471 with 180 kg nitrogen ha. The difference Dbetween
application rates of 60 kg and 120 kg nitrogen per ha was not

statistically significant.

i

Effect of spacing : Significant differences in leaf area

index, were observed at all the stages, during both the years
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except at 80 DAE during 1984. During 1984 at 20 DAE, closer
row spacing of 200 cm recorded significantly higher leaf area
index (0.023), as compared'to wider row spacing of 300 cm
(0.014). At 40 DAE, leaf area index was significantly higher
(0.367) with <closer row spacing, as compared to wider row
spacing (0.199). Again at 60 DAE, significantly higher leaf
area index was recorded (0.833) with 200 cm row spacing, as
compared to 300 cm row spacing (0.527). Similar trend was

observed at all the stages during 1985.

Method of irrigation : Variatibn in the leaf area index due
to method of irrigation was statistically significant only
at 60 and 80 DAE during 1984. At 60 DAE, the ieaf area
index was significantly higher (0.788) under drip irrigation,
as compared to furrow irrigation (0.273). Even at 80 DAE;
the leaf area index was significantly higher with drip

irrigation (0.460), as compared to furrow irrigation (0.319).

4.1.1.8 Léaf area duration

The data on leaf area duration at different stages,
as influenced by nitrogen, spacing and method of irrigation

are presented in Table 4.8.

Effect of nitrogen : Leaf area duration increased with the
increase 1in nitrogen levels upto 180 kg nitrogen per ha, at
all the stages. However, statistically significant
differences, in leaf area duration, among nitrogen levels were
observed only during 1985 between 41 toc 60 DAE. Leaf area

duration with 180 kg nitrogen per ha (669.8 dm2 days) was
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significantly highest, as compared to 60 kg (539.7 dm2 days)
and 120 kg (557.4 dm2 days) nitrogen per ha, which were on

par.

Effect of spacing : Wider row spacing of 300 cm recorded

comparatively higher leaf area duration at all the stages, in
both years except,between 61 to 80 DAE during 1984. However,
these differences were not statistically significant at any

of the crop growth stages.

Method of irrigation : Thé variation in leaf area duration
between 41 to 60 DAE and 61 to 80 DAL during 1984, duo to
method of irrigation were statistically significant. Between
41 to 60 DAE, drip irrigation recorded significantly higher
leaf area duration (779.0 dm2 days), as compared to furrow
-irrigation (594.9 dm? days). Similarly, between 61 to 80 DAE
drip irrigation recorded significantly higher leaf area
duration (916.0 dm2 days), as compared to furrow irrigation

(643.1 dm2 days).

4.1.1.9 Relative growth rate

The data on relative growth rate of watermelon at diffe-
rent stages of growth, as influenced by nitrogen, spacing and
method of irrigation are presented in Table 4.9.

Effect of nitrogen : Nitrogen fertilization had significant
influence on relative growth rate, at all the stages, except
between 21 to 40 DAE during}1984 and between 41 to 60 DAE

during both the years.
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During 1984, between 4i to 60 DAE, relative growth réte
was significantly higher with 180 kg nitrogen per ha (0.0795
g/g/day), as compared to 60 kg nitrogen per ha (0.0493
g/g/day). The difference between 120 kg and 180 kg nitrogen
was not statistically significant. Between 61 to 80 DAE,
there was statistically significant 1increase 1in relativé
growth rate, with the application of 180 kg nitrogen per ha
(0.0734 g/g/day), as compared to 60 kg nitrogen per ha
(0.0461 g/g/day). The difference between 120 kg and 180 kg
nitrogen per ha was not statistically significant.

During 1985, between 21 to 40 DAE, the relative
growth rate increased significantly from 0.1478 g per g per
day with the application of 60 kg nitrogen per ha to 0.1641
g/g/day with 120 kg nitrogen per ha. The difference between
120 kg and 180 kg (0.1642 g/g/day) nitrogen per ha was not
statistically significant. Between 41 to 60 DAE, relative
grawth rate was significantly higher with 180 kg nitrogen per
ha (0.0797 g/g/day) as compared to 60 kg nitrogen per ha
(0.0490 g/g/day). The difference between 120 kg (0.0563
g/g/day) and 180 kg nitrogen per ha was also statistically
significant. Between 61 to 80 DAE, the relative growth rate
was significantly higher (0.0824 g/g/day) with 180 kg
nitrogen per ha, as compared to 60 kg hitrogen per ha (0.0594

g/g/day) but was on par with 120 kg nitrogen per ha (0.0820

g/g/day).

Effect of spacing : Relative growth rate was higher with

closer row spacing of 200 cm, at all the growth stages

80



during both the years, as compared to 300 cm row spacing, but
the differences were statistically significant only between
61 to 80 DAE, during 1984. At this stage, the relative
growth rate was significanrly higher (0.0667 g/g/day) with
closer row spacing, as compared to wider row spacing (0.0549

g/g/day).

Method of irrigation : Relative growth rate of watermelon
was higher under drip irrigation than under furrow irrigation
at all the stages in both the years. However, statistically
significant differences were observed between 61 to 80 DAE
during both the years. Drip irrigation recorded
significantly higher relative growth rate (0.0670 g/g/day
during 1984 and 0.0799 g/g/day during 1985), as compared to
furrow irrigation (0.0541 g/g/day in 1984 and 0.0693 g/g/day

in 198%5).

4,1.1.10 Net assimilation rate

The data on net assimilation rate of watermelon as
influenced by nitrogen, spacing and method of irrigation are

presented in Table 4.10.

Effect of nitrogen : Nitrdgen fertilization had significant
effect on net assimilation rate at different stages, during
both the years, except between 21 to 40 DAE.

During 1984, between 41 to 60 DAE, there was statisti-
cally significant increase in net assimilation with the
application of nitrogen upto 180 kg per ha (0.1038 g/dmz/dayL

as compared to 60 kg nitrogen per ha (0.0608 g/dmz/day). The
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differences between 60 kg and 120 kg, as well as that between
120 kg and 180 kg nitrogen per ha were on par. Between 61 to
80 DAE, net assimilation rate increased significantly from
0.1606 g per dm2 per day with 60 kg nitrogen per ha to 0.2462
g per dm2 per day with 120 kg nitrogen per ha. The difference
between 120 kg and 180 kg nitrogen per ha was not statisti-
cally significant.

During 1985, between 41 to 60 DAE, application of 180 kg
nitrogen per ha resulted in significantly higher net
assimilation rate (0.1223 g/dm2 /day}), as compared to both 60
kg (0.0678/g/dm2/day) and 120 kg nitrogen per ha (0.0706
g/dmz/day). Between 61 to 80 DAE, it was significantly higher
with 180 kg nitrogen per ha (0.3629 g/dmz/day),as compared to
60 kg nitrogen per ha (0.2317 g/dmz/day),but was on par with
120 kg nitrogen per ha (0.3521 g/dmz/day).

Effect of spacing: Closer row spacing of 200 cm recorded
higher net éssimilation rate at all the growth stages, during
both the years, although the difference was statistically
significant only between 41 to 60 DAE. At the stage closer
row spacing recorded significantly higher net assimilation
rate (0.0938 g/dmz/day during 1984 and 0.1029 g/dmz/day
during 1985), as compared to wider row spacing (0.0671
g/dmz/day in 1984 and 0.0708 g/dmz/day in 1985).

Method of irrigation: Net assimilation rate of watermelon was
higher wunder drip irrigation than under furrow irrigation.
The variations were statistically significant only between 61

to 80 DAE. At this stage, drip irrigation recorded
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significantly higher net assimilation rate (0.2554 g/dmz/day
in 1984 and 0.3562 g/dmz/day in 1985), as compared to furrow
irrigation (0.3562 g/dmz/day during 1984 and 0.2750 g/dmz/day

during 1985).

4.1.1.11 Crop growth rate

The data on crop growth rate of watermelon, at different
growth stages, during both the years, as influenced by
nitrogen, spacing and method of irrigation are presented in

Table 4.11.

Effect of nitrogen : Significant differences in crop growth
rate were observed due to the influence of nitrogen, during
both the years, except between 21 to 40 DAE during 1984.
During 1984, ©between 41 to 60 DAE, the crop growth rate
was significantly higher (0.0425 g/dmz/day)’as compared to 60
kg nitrogen per ha (0.0244 g/dmz/day). The difference
between 120 kg and 180 kg nitrogen per ha was not statisti-
cally significant. Between 61 to 80 DAE, the crop growth
rate increased significantly from 0.0781 g per dm2 per day
with 60 kg nitrogen per ha to 0.1153 g per dm2 per day with
120 kg nitrogen per ha. The difference between 120 kg and
180 kg nitrogen per ha was not statistically significant.
During 1985, between 21 to 40 DAE, 120 kg nitrogen per
ha recorded significantly higher crop growth rate (0.0137
g/dmz/day), as compared to 60 kg nitrogen per ha (0.0094
g/dmz/day). The difference between 120 kg and 180 kg
nitrogen per ha, was not much. Between 41 to 60 DAE, «crop

growth rate was significantly higher (0.0382 g/dmz/day) with
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180 kg per ha, as comparedvto 60 kg nitrogemr per ha (0.0222"

g/dmz/day). The differences between 60 kg and 120 kg as well
as 120 kg and 180 kg nitrogen per ha were not statistically
significant. Between 61 to 80 DAE, it increased significantly
from 0.1080 g per dmz per day with 60 kg nitrogen to 0.1404 g

per dm2 per day with 180 kg nitrogen per ha.

Effect of spacing : Wider row spacing of 300 cm had lower

crop growth rate at all the growth stages during both the

years but the differences were statistically significant only
betweeen 21 to 40 DAE during both the years and between 61 to

80 DAE during 1985.

During 1984, between 21 to 40 DAE, it was 0.0183 g per

dm2 per day with closer row spacing of 200 cm,as compared to

0.0098 g per dmz per day with wider row spacing of 300 cm.
During 1985, Dbetween 21 to 40 days, 200cm row spacing
recorded significantly higher crop growth rate (0.0152

g/dmz/day). Similar trend was observed between 61 to 80 DAE.

Method of irrigation : Crop growth rate was higher under

drip irrigation, as compared to furrow irrigation at all the

stages during both the years. But the difference was

statistically significant only between 41 to 60 DAE during

1984. At this stage, the crop growth rate was significantly.

higher under drip irrigation (0.0397 g/dmz/day) as compared

to furrow irrigation (0.0261 g/dmz/day).
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4.1.2 Yield and Yield components

The data on fruit yield and yield components of
watermelon as influenced by nitrogen, spacing and method of
irrigation are presented in Table 4.12 and the data on fruit

and seed characters are presented in Table 4.14.

4.1.2.1 Fruit yield

Effect of nitrogen : During 1984, the fruit yield increased
from 348.60 g per ha with 60 kg nitrogen per ha to 378.60 g
per ha with 120 kg nitrogen per ha and to 360.81 q per ha
with 180 kg nitrogen pervha. However, the difference in
fruit yield due to nitrogen levels were not statistically
significant. During 1985, the fruit yield increased
significantly (344.90 qg/ha) with 120 kg nitrogen per ha, as
compared to 60 kg nitrogen per ha (308.28 qg/ha). The
difference between 120 kg and 180 kg nitrogen per ha (345.51

q/ha) was not statistically significant.

Effect of spacing : During 1984, closer row spacing of 200
cm recorded significantly higher fruit yield (389.25 g/ha), as
compared to wider row spacing of 300 cm (336.12 q/ha).
Likewise, during 1985, the fruit yield with <closer row
spacing was significantly higher (362.36 g/ha), as compared to

wider row spacing (303.42 g/ha).

Method of irrigation During 1984, drip irrigation
recorded significantly higher yield (418.00g/ha), as compared
to furrow idirrigation (307.37 g/ha).During 1985 also drip

irrigation resulted 1in significantly higher fruit yield
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(379.00 g/ha) as compared to furrow irrigation (286.78 g/ha).
The interaction effects of nitrogen and spacing,

nitrogen and method of irrigation were statistically

significant during 1985 and are presented in Table 4.13.

Interaction effect of nitrogen and spacing indicated
statistically significant fruit yield differences. Closer
row spacing of 200 cm with 180 kg nitrogen per ha resulted in
the highest yields (390.11 g/ha) as compared to all other
treatment combinations. This was followed by closer row
spacing and 120 kg nitrogen per ha (353.70 q/ha). The
differences between 200 cm row spacing with 60 kg nitrogen,
and 300 cm row spacing either with 120 kg or 180 kg nitrogén
were not statistically significant. The fruit yield was
significantly lowest (273.33 g/ha) with 300 cm row spacing
and 60 kg nitrogen per ha.

Interaction effect of nitrogen and method of irrigation
indicated significantly higher fruit yield under drip
irrigation with 180 kg nitrogen per ha which was on par with
120 kg nitrogen under drip irrigation. The fruit yield was
lowest under furrow irrigation with 180 kg nitrogen per ha
which was significantly on par with other furrow irrigation

treatments, but lower than the drip irrigation treatments.

4.1.2.2 Number of fruits per ha :

Effect of nitrogen : During 1984, the number of fruits per
ha increased significantly from 12,229 fruits per ha with 60
kg nitrogen per ha to 14,333 fruits per ha with 120 kg

nitrogen per ha. The difference between 120 kg and 180 kg
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nitrobgen per ha was not statistically significant.

During 1985, it increased from 9,050 fruits per ha with
60 kg nitrogen per ha to 10,514 fruits per ha with 120 kg
nitrogen per ha. The difference between 120 kg and 180 kg

nitrogen per ha was not statistically significant.

Effects of spacing : During 1984, closer row spacing of 200
cm recorded significantly higher (15,842 fruits/ha) number
of fruits as compared to wider row spacing (11,066 fruits/ha)
of 300 cm. Likewise, during 1985, the number of fruits were
significantly higher (13,470 fruits/ha) with closer row
spacing, as compared to wider row spacing (10,873 fruits/ha).
Method of irrigation :Drip irrigation recorded significantly
higher number of fruits per ha during both the years (14,930
fruits/ha during 1984 and 13,840 during 1985), as compared to
furrow irrigation (11,972 during 1984 and 10,502 during

1985). -

4.1.2.3. Fruit weight:

Effect of nitrogen : During 1984, fruit weight increased
significantly from 2.6 kg with 60 kg nitrogen per ha to 3.0
kg with 120 kg nitrogen per ha and was on par with 180 kg

nitrogen per ha. During 1985, the fruit weight 1increased

significantly with successive levels of nitrogen from 2.3 kg

with 60 kg nitrogen to 2.8 kg with 120 kg nitrogen and 3.0 kg

with 180 kg nitrogen per ha.

Effect of spacing : Wider row spacing of 300 cm resulted in

significantly higher fruit weight (3.0 kg in 1984 and 3.1 kg
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in 1985) as compared to closer row spacing (2.5 kg in 1984
and 2.7 kg in 1985).

Method of irrigation : Drip irrigation recorded significantly
higher fruit weight during both the years (3.0 kg in 1984 and
2.9 kg in 1985) as compared to furrow irrigation (2.6 kg

during 1984 and 1985).

4.1.2.4 Flesh thickness

Effect of nitrogen : Statistically significant differences in
flesh thickness were recorded only during 1985. It was 7.1 cm
with 60 kg nitrogen per ha, which was significantly lower as
compared to 180 kg nitrogen per ha ( 7.8 cm ). The difference
between 60 kg and 120 kg nitrogen per ha was not
statistically significant.

Effect of spacing : Row spacing failed to bring about any

significant wvariations in flesh thickness during both the

years.
Method of irrigation : Flesh thickness was significantly
influenced by method of irrigation only during 1984. It was

significantly higher (8.7 cm) with drip irrigation as

compared to furrow irrigation ( 8.1 cm ).

4,1.2.5 Rind thickness B

Effect of nitrogen : Statistically significant differences in
rind thickness were observed due to nitrogen levels only
during 1985. It increased significantly from 2.4 cm with 60

kg nitrogen per ha to 3.0 cm with 180 kg nitrogen per ha. The
difference between 60 kg and 120 kg nitrogen per ha was not

statistically significant.
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Effect of spacing : The difference in rind thickness was not
statistically significant due to the influence of row spacing
during both the years.

Me thod of irrigation : Rind thickness did not vary
significantly due to method of irrigation during both the
years. |

4.1.2.6 Fruit shape index

Effect of nitrogen : Statistically significant differences in
fruit shape index was recorded only during 1985. It was
significantly higher ( 0.96 ) with 180 kg nitrogen per ha,aé
compared to 60 kg nitrogen per ha ( 0.90 ). However, the
difference between 60 kg and 120 kg, as well as 120 kg and

180 kg nitrogen per ha, were not statistically significant.

Effect of spacing : The variation in fruit shape index as
influenced by row spacings were not statistically significant

during both the years.

Method of irrigation
Method of irrigation did not influence the fruit shape index

significantly during both the years.

4.1.2.7 Seed characters

The data on seed characters of watermelon as influenced
by nitrogen, spacing and method of irrigation are presented

in Table 4.14.

Effect of nitrogen : Seed number per fruit increased

significantly due to nitrogen levels during both the years.
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During 1984, it was 304 with 180 kg nitrogen per ha,
which was significantiy higher as compared to 216 with 60 kg
nitrogen per ha. The difference between 60 kg and 120 kg
nitrogen per ha was not statistically significant. Similar

trend was observed during 1985.

Effect of spacing : Seed number was not significantly
influenced by row spacing during both the years. However,
wider row spacing of 300 cm recorded higher seed number

during both the years, as compared to closer row spacing of

200 cm,.

Method of irrigation : Method of irrigation did not
influence markedly the seed number during both the years.
However, drip irrigation recorded more number of seeds per

fruit as compared to furrow irrigation.

Seed weight per fruit

Effect of nitrogen : Seed weight per fruit increased with
nitrogen levels during both the years, but the differences

were not statistically significant.

Effect of spacing : Seed weight did not vary significantly
due to row spacings during both the years. However, wider
r ow épacing recorded higher seed weight as compared to closer

row spacing. ; .

Method of irrigation : Drip irrigation had higher seed weight
as compared to furrow irrigation. However, the differences

were not statistically significant.
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Hundred seed weight

Effect of nitrogen : The hundred seed weight differences due
to nitrogen levels were not statistically significant during
both the years, although it increased with increase in

nitrogen levels.

Effect of spacing : Statistically significant differences in
hundred seed weight were not observed due to row spacing
during both the years.

Method of irrigation : The differences in hundred seed weight
were not statistically significant due to method of
irrigation. However, drip irrigation had slightly highér

hundred seed weight, as compared to furrow irrigation.

4.1.3 Fruit Quality

The data on fruit quality of watermelon as influenced by
nitrogen,spacing and method of irrigation are presented in

Table 4.15.

4.1.3.1. Total soluble solids

Effect of nitrogen : There was a gradual increase in the
total soluble solids due to increase in nitrogen levels
during both the years. The differences were statistically
significant during 1985, when it increased significantly with
successive levels of nitrogen. These values were 8.1, 8.9 and
9.6 per cent with 60 kg, 120 kg and 180.kg nitrogen per ha,

respectively.

Effect of spacing : Wider row spacing of 300 cm recorded

higher total soluble solids than closer row spacing of 200 cm

96



a7

- - - - - - - - %5 1 *Q'D
09°'1 66°0 €T°0 BE'0 60°0 81°0 0T°0 ¢1°0 wwges
SN SN SN SN SN SN SN SN 1891 4,
Z1L° LT 8%° 971 't 0'v Ve L2 8°8 €°6 Mmoaang
T0°ST GG ¢t 7°E 9°'v v'c G'¢C 0°6 9°'6 draq
. UOT1BBTIII JO POUlan
SN SN SN SN SN SN SN SN 1891 4,
80°97 LG 9T v e 0% Ve L'C 8°8 £°6 ‘09 X 002
9871 Ly St £'E 6°€ £°C 7'z 0'6 €'6 09 X 00€
uwo “Buroeds
€6°€ ps ¢ - - €70 ¥9°0 LE'O - %S 1e a0
PET 12°T 91°0 Lv'0 01°0 220 AR ST°0 “urg's
818 81s 818 SN 813 815 815 SN 1891 ,4,
12°61 8C°81 G'¢ 9'v L°C 1°t 9°'6 76 081
¢0° 91 0¥° 91 €€ 150 4 9°C L2 6°8 L6 0zt
88°¢C1 LE'ET AR 6°€ 6°1 0°¢ 1°8 Z'6 09
BY/8Y ‘us8oa]IN
S861 € 7861 mmmm ) 8671 G86T 7861 86T 867
wdd ‘N-“ON % ‘saedns % ‘sae8ns *SpI10S sjuswieadgl,
801N[ 11NaY Te10L guronpay 81QnTos Tejor

uotie8taar jo poyjew pue Sutoeds ‘usBoaitu Agq pedusnijul Se UOTAWIAlEM Jo A1TTenb 1Tnad GL'y 9IQeL



during both the years. The differences, however, were not

statistically significant.

Method of irrigation : Method of irrigation did not provide
any statistically significant variations in total soluble
solids during both the years. 1In general, drip irrigation
recorded higher total soluble solids,as compared to furrow

irrigation.

4.1.3.2 Reducing sugars :

Effect of nitrogen : During 1984, the reducing sugars
increased significantly from 2.0 per cent with 60 kg
nitrogen per ha to 2.7 per cent with 120 kg nitrogen per ha.
The difference between 120 kg and 1Sd kg nitrogen per ha was
not statistically significant. Similar trend was observed
during 1985.

Effect of spacing : The differences in reducing sugars were
not statistically significant due to row spacing during both
years. However, c¢loser row spacing recorded higher reducing
sugars as compared to wider row spacing.

Method of irrigation : Method of irrigation did not influence
significantly the reducing sugars in watermelon during both

the years.

4.1.3.3 Total sugars :

Effect of nitrogen : The differences in total sugars as
influenced by nitrogen levels were not statistically
significant during both the years, although, it increased

marginally with increase in nitrogen levels.
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Effect of spacing : Closer row spacing of 200 cm recorded

higher total sugars,as compared to wider row spacing of 300

cm in both the years. The differences, however, were not

statistically significant.

Method of irrigation : The variations in total sugars as

influenced by method of irrigation were not statistically

significant during both the years. However, drip irrigation
recorded higher total sugars as compared to furrow

irrigation.

4.1.3.4 Nitrate-nitrogen

Effect of nitrogen : Nitrate-nitrogen increased significantly
during both the years.

During 1984, it increased significantly from 13.37 ppm
with 60 kg nitrogen per ha to 18.28 ppm with 180 kg nitrogen
per ha. The differences between 60 kg and 120 kg as well as
between 120 kg and 180 kg nitrogen per ha were not
statistically significant. Similar trend was observed during
1985.

Effect of spacing : Closer row spacing of 200 c¢m recorded
higher nitrate - nitrogen, as compared to wider row spacihg of
300 cm. However, the differences were not statistically
significant. .

Method of irrigation : Furrow irrigation had higher nitrate -
nitrogen as compared to drip irrigation during both the
years, but the differences were not statistically

significant.
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4.1.4 Plant water studies

4.1.4.1 Relative water content :

The data on relative water content of watermelon as
influenced by nitrogen, spacing and method of irrigation for
two irrigation cycles are presented in Fig.4.1

Effect of nitrogen Relative water content gradually
decreased from 92.6per cent to 86.0 per cent with 180 kg
nitrogen, from 93.2 per cent to 84.1 per cent with 120 kg
nitrogen and from 92.3 per cent to 80.1 per cent with 60 kg
nitrogen per ha from 1 to 15 days after irrigation. Thus 60
kg nitrogen per ha, recorded lower ( 2.3 % at 7 days and 3.1
% at 15 days ) relative water content as compared to 120 kg
(2.8 % at 7 days and 3.0 % at 15 days) and 180 kg nitrogen
per ha ( 3.2 % at 7 days and 5.1 % at 15 days ).

Effect of spacing : In closer row spacing of 200 cm, the
relative water content decreased from 94.7 per cent to 80.7

per cent and in wider row spacing of 300 cm, it decreased

from 92.5 per cent to 79.5 per cent, from 1 to 15 days after

irrigation. Thus, closer row spacing had higher ( 4.4 % at

days and 2.8 % at 15 days )} relative water content, as

compared to wider row spacing.

Method of irrigation : The relative water content under drip
irrigation ranged from 95.2 to 93.6 per cent, from 1 to 15
days after irrigation. Under furrow irrigatiqn, it decreased
from 91.7 per cent to 80.8 per cent from 1 to 15 days after

irrigation. Thus, the wvariation 1in relative water content

o

under furrow irrigation was more (3.8 % at 7 days and 12.6

at 15 days ) as compared to drip irrigation.
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4.1.4.2 Osmotic Potential

The data on osmotic potential as influenced by nitrogen,

spacing and method of irrigation are presented in Fig. 4.2.

Effect of nitrogen: Osmotic potential values increased from

-2.1 bar to -12.4 bar with 180 kg nitrogen, from -3.0 bar to

-14.2 bar with 120 kg nitrogen and from -3.2 bar to -16.3 bar

with 60 kg nitrogen per ha, from 1 to 15 days after
irrigation. Thus, ©60 kg nitrogen per ha reéorded lower
osmotic potential, as compared to 120 kg and 180 kg nitrogen

per ha.

Effect of spacing

-3.0 bar to -14.8 bar with closer row spacing,

bar

after irrigation. Thus,

potential,

.Method of

irrigation
irrigation,
15 days

osmotic potential,

maintained higher

wider row spacing (-3.2 bar to -16.8)

irrigation

varied from -3.2 bar to

Osmotic potential values increased f{rom
as compared to
from 1 to 15

closer spacing recorded lower osmotic

as compared to wider row spacing.

Osmotic potential values under drip

-5.8 bar and under furrow

it ranged from -5.8 bar to -17.1 bar, from 1 to
after irrigation. Drip irrigation recorded lower
as compared to furrow irrigation and it

leaf water readings altogether.

4.1.5 Canopy temperature and Root studies

4.1.5.1 Canopy temperature

The data on canopy temperature,

as

influenced by nitrogen,

spacing and method of irrigation

are presented in FFig.4.3.
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Effect of nitrogen : Canopy.temperature increased from 20.8°¢C
to 32.80C with 180 kg nitrogen, from 23.1°C to 33.9°C with
120 kg nitrogen and from 25.2°C to 34.5°% with 60 kg nitrogen
per ha, from 1 to 15 days after irrigation. Thus, canopy
temperatures were higher with 60 kg nitrogen (3.BOC at 7 days
to 2.1°C at 15 days), as compared to 120 kg and (1.80C at 7

days to 0.7% at 15 days) and 180 kg nitrogen per ha.

Effect of spacing : Canopy temperatures with closer row

spacing increased from 21.1°%  to 31.3% and from 22.7°C to

32.806, with wider row spacing from 1 to 15 days after

irrigation. Closer row spacing recorded low (Z.ZOC at 7 days
o)

to 2.9°C at 15 days) canopy temperatures, as compared to

wider row spacing.

Method of irrigation : Canopy temperature under drip
irrigation, varied from 23.2°C to 25.8°C. Whereas, it varied
from 23.8°C to 30.506, under furrow irrigation from 1 to 15
days after irrigation. Thué, drip irrigation recorded lower
(2.30C at 12 days to 3.7°C at 15 days) canopy temperatures

as compared to furrow irrigation.

4.1.5.2 Root studies : The data pertaining to root length,

number of secondary roots and dry weight of roots in
watermelon, as influenced by nitrogen, spacing and method of

irrigation are presented in Table 4.16.
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Root length

Effect of nitrogen : Root length was highest with 60 kg
nitrogen per ha and decreascd with the application of
nitrogen, during both the years. The differences, however,

were not statistically significant.

Effect of spacing : Row spacing had significant influence on
root length, during both the years. It was highest (45.5 cm
in 1984 and 738.5 in 1985) with 200 cm row spacing, as
compared to 300 cm row spacing (30.2 and 28.6 cm during 1984
and 1985, respectively).

Method of irrigation : Drip irrigation recorded significantly
lower root length during both the years (30.5 cm during 1984
and 31.1 cm during 1985) as compare to furrow irrigation

(45.2 cm in 1984 and 43.6 cm in 1985).

Lateral root length

Effect of nitrogen : During. 1984, significantly higher
lateral root length was recorded with 60 kg nitrogen per ha
(73.0 c¢m), as compared to 120 kg nitrogen per ha (66.4 cm)
but, the differences between 120 and 180 kg nitrogen per ha
(68.6 cm) were not siatistically significant. During 1985,
the lateral root length was significantly higher (68.7 cm)
with 60 kg nitrogen per ha, as compared to, both 120 and 180

kg nitrogen per ha.

Effect of spacing : Closer row spacing of 200 cm recorded
significantly lower lateral root length, during both the

years, as compared to wider row spacing of 300 cm. It was



98.3 cm during 1984 and 53.3 c¢m during 1985, with 200 cm row
spacing, as compared to 67.1 cm and 60.2 cm, with 300 cm row

spacing, during 1984 and 1985, respectively.

Method of irrigation : Furrow irrigation had more lateral
root length, during both the years, as compared to drip
irrigation, although, the differences were not statistically

significant.

Number of secondary roots

Effect of nitrogen : The number of secondary roots increased
significantly with nitrogen fertilization, during both the
years. During 1984, it increased from 5.5 to 7.3 and to 9.4

with the increase in nitrogen levels from 60, 120 and 180 kg
per ha respectively. During 1985 also, it increased from 5.0
to 7.1 and to 9.8 with 60, 120 and 180 kg nitrogen per ha,

respectively.

Effect of spacing : Closer row spacing of 200 cm had
significantly higher number of sccondary roots, during both
the years (8.6 in 1984 and 7.9 in 1985), as compared to 300
cm row spacing (6.2 and 5.8 during 1984 and 1985,

respectively).

Method of irrigation : Drip irrigation recorded significantly
higher number of sccondary roots (7.9 and 8.0 during 1984
and 1985 respectively), as compared to furrow irrigation (6.9

and 6.6 during 1984 and 1985 respectively).

10:
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Dry weight of roots

Effect of nitrogen : During 1984, root dry weight increased

significantly with 120 kg nitrogen per ha (4.88 g/plant), as

compared to 60 kg nitrogen per ha (4.29 g/plant) and the
difference between 120 kg and 180 kg nitrogen per ha (4.91
g/plant}, were not statistically significant. Likewise,
during 1985, it was 3.84 g per plant with 60 kg nitrogen
per ha, which increased significantly to 4.10 g per plant
with 120 kg nitrogen per ha and finally to 4.24 g per plant
with 180 kg nitrogen per ha, but, the difference between 120
and 180 kg nitrogen per ha, was not statistically

significant.

Effect of spacing : Wider row spacing of 300 cm recorded
significantly higher dry weight (4.90 and 4.78 g/plant during
1984 and 1985 respectively), as compared to closer row
spacing of 200 cm (4.49 and 4.12 g/plant during 1984 and

1985, respectively.

Me thod of irrigation : Furrow irrigation recorded
significantly higher dry 'weight of roots (5.14 and 4.88
g/plant, during 1984 and 1985 respectively), as compared to
drip irrigation (4;26 and 4.07 g/plant, during 1984 and 1985,

respectively).
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4.1.6 Nutrient Content and Uptake Studies

4.1.6.1 Nitrogen content

The data on nitrogen content in watermelon, as
influenced by nitrogen, spacing and method of irrigation at
different stages of crop growth are presented in Table 4.17,
Effect of nitrogen : There was statistically significant
increase in the nitrogen content, due to increase in nitrogen
levels at all the growth stages, during both the years,
except at 60 DAE, during 1985. ;

During 1984, at 40 DAE 1in plant, it increased

significantly from 3.96 per cent with 60 kg nitrogen per ha
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to 4.36 per cent with 120 kg nitrogen per ha and was highest -

(4.96%) with 180 kg nitrogen per ha. At 60 DAE in plant, it
was significantly higher (4.35%) with 180 kg nitrogen per ha,
as compared to 60 kg nitrogen per ha (3.67%) and the
differences Dbetween 60 and 120 kg, as also petween 120 and
180 kg nitrogen per ha, were not statistically significant.
At 80 DAE in shoot, 120 kg nitrogen per ha resulted in
significantly higher nitrogen content (2.09%), as compared to
60 kg nitrogen per ha (1.77%) and the difference betwecen 120
and 180 kg nitrogen per ha was not statistically significant.
NItrogen content in fruit was significantly highest with 180
kg nitrogen per ha (2.02%), as compared to that at 60 (1.71%)

and 120 kg (1.80/5) nitrogen per ha, which were on par.

During 1985 at 40 DAE, nitrogen content in plant

increased significantly with successive increment in nitrogen

levels. The values were 3.56, 4.09 and 4.63 per cent at 60,
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120 and 180 kg nitrogen per ha, respectively. At 80 DAE,
nitrogen content in shoot increased from 1.40 per cent with
60 kg nitrogen.per ha to 1.62 per cent with 120 kg nitrogen
per ha. The difference between 120 kg and 180 nitrogen per ha
was not statistically significant. The nitfogen content in
fruit was significantly higher (1.79%) with 180 kg nitrogen
per ha, as compared to 60 kg nitrogen per ha. The difference

between 120 and 180 kg nitrogen was also statistically
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significant but, the variation between 60 kg and 120 kg

nitrogen per ha was not statistically significant.

Effect of spacing : Spacing had statistically significant
influence on nitrogen content in fruit, only at 80 DAE during
both the years. Closer row spacing of 200 cm recorded
significantly reduced nitrogen content in fruit (1.74 and
1.53% during 1984 and 1985, respectively) as compared to that
under wider row spacing of 300 cm (1.95 and 1.69% during

1984 and 1985, respectively).

Me thod of irrigation : Method of irrigation had

statistically significant influence on nitrogen content in
fruit during both the years. Drip irrigation (2.16 and 1.79%
during 1984 and 1985, respectively) resulted‘ in higher
nitrogen content in fruits, as compared to that under furrow
irrigation {(1.53 and 1.43% during 1984 and 1985,
respectively). Similar trend was noticed in nitrogen content
in plant, at all the stages, although, the differences were

not statistically significant.



110

4.1.6.2 Nitrogen uptake

The data on nirtogen uptake of watermelon, as influenced
by nitrogen, spacing and method of irrigation are presented

in Table 4.18.

Effect of nitrogen : Nitrogén fertilization had statistically
significant influence on its uptake, at all the stages of
growth, during both the years, except at.80 DAE in fruit
during 1984. During 1984, at 40 DAE, nitrogen uptake in plant
was significantly higher, with 120 kg nitrogen per ha (14.17
kg/ha), as compared to that at 60 kg nitrogen per ha (9.50
kg/ha), and the difference between 120 and 180 (15.13 kg/ha)
kg nitrogen per ha, was not statistically significant. At 60
DAE in plant, 180 kg nitrogen per ha recorded significantly
higher nitrogen uptake (47.41 kg/ha), as compared to that at
60 kg nitrogen per ha (32.60 kg/ha) and the difference
between successive levels of nitrogen were not statistically
significant. At 80 DAE, nitrogen uptake in shoot increased
significantly from 46.64 kg per ha with 60 kg nitrogen per ha
to 66.14 kg per ha with 120 kg nitrogen per ha and the
difference between 120 kg and 180 kg (67.33 kg/ha) nitrogen
per ha was not statistically significant. The total nitrogen
uptake was significantly highest (117.41 kg/ha) with 180 kg
nitrogen per ha, as compared to 60 kg nitrogen per ha (85.77
kg/ha) and the differences between 60kg and 120 kg (105.73
’kg/ha). as also between 120 kg and 180 kg nitrogen per ha,

were not statistically significant.



111

BL'6T Ak €78 - 11°8 €2°L - 8L°6 86°1 oL'€ %G 1e a‘D
z8°9 88°2 18°C L8'L - LL'T LYz VLT £e" € L9°0 9z2°1 g’ s
SN SN SN SN 81s SN SN 815 SN SN 1881 ,4,
98°TL  96°8Z 06°CF 6L°26  $8°GE G6°9S  9Z°'6Z L2'Z€  2P°OT 6T°TT mMoIIng
LZ°€8 . PE'9E  £6°9F ST°€TT €0°06S Z1°€9  €8°¢e 18°%F  ¥9°01 19°%1 drag
. UOT11e8TJII JO POUIaW
818 818 81s SN SN SN SN 815 - 818 81s 1881 ,Jd,
€0°68  86°9€ S9°Z§ SP°80T €¥° 0¥ z0°z9  ¥0°GE L9°€Y  0Z°€ET §9°97 09 X 002
16°G9  Z£°8Z  6T°LE 6V L6  TV°6E S0°8S  90°8Z ov'€e  98°L GT°6 09 X 00€
uw ‘Suioeds
§2°Zz  9¢°0T  80°0T 25" ST - 98°8 80°6 86°TT vz €S ¥ % 1e "d'D
L9°L £s°e A7) 1L°8 6E°E z0"g 9e°¢ 80" ¥ €8°0 4 +wrgs
815 818 81S 81s SN 818 818 818 818 813 1881 .4,
G6°96  98°6€ 69796 T9*L1T 80°0S €€°L9 Zl'8¢ 19" LY €8° 2T €T°GT 081
TT°€L  S0°TE  90°T¥ €L°S0T 6S°6E P1°99 TT°67 09°Sg SL 11 LT°%T 0z1T
v0'€9  ¥0'LZ 00°9¢ LL"G8  ET°6E v9°9% 09" LC 09°2¢ 0T"L 0S°6 09
BY/8Y ‘Us80J11IN
oxeidn }Tnag 3100Us axeidn  11nag jo0ys G86T 7861 G86T 7867
Teio0l G861 Te10L 7867 sjusueaal
Hvd 08 VA 09 ava 0¥
, (ey/83) o3eidn usBoaiin

uoTle81aa1 jO poyisw pue Suroeds ‘usBoaliu Aq paousenyjur Se uolawWIs}Em JO odeldn

ueB0J1IN BT'V 9IQel



During 1985, at 40 DAE, nitrogen wuptake 1in plant
signifi-cantly increased from 7.01 kg per ha, with 60 kg
nitrogen per ‘ha to 11.75 kg per ha, with 120 kg nitrogen per
ha. The difference between 120 kg and 180 kg nitrogen per ha,
was not statistically significant.

At 60 DAE, nitrogen uptake in plant was significantly
higher (38.12 kg/ha) with 180 kg nitrogen per ha, as compared
to 60 kg (27.40 kg/ha) nitrogen per ha. However, the
difference between 60 and 120 kg (29.11 kg/ha), as well as
120 and 180 kg nitrogen per ha, 'were not statistically
significant. At 80 DAE, nitrogen uptake in shoot was
significantly highest (56.69 kg/ha) with 180 kg nitrogen per
ha, as compared to both 60 and 120 kg nitrogen per ha. The
difference between application rates of 60 (36.00 kg/ha) and
120 kg (42.06 kg/ha) nitrogen per ha, was not statistically
significant. The nitrogen uptake in fruit was significantly
higher (39.86 kg/ha) with 180 kg nitrogen per ha, as compared
to 60 kg nitrogen per ha (27.04 kg/ha). The difierences
between 60 kg and 120 kg, as well as that of 120 kg and 180
kg nitrogen per ha, were not statistically significant.

Similar trend was observed in total nitrogen uptake.

Effect of spacing : Closer row spacing of 200 cm resulted
in significantly higher nitrogen uptake in watermelon, at all
the stages, except at 80 DAE, during 1984 and at 60 DAE,

during 1985.
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During 1984, at 40 DAE, nitrogen uptake in plant was
significantly higher (16.65 hg/ha) with closer row spacing of
200 cm, as compared to wider row spacing of 300 cm (9.15
kg/ha). At 60 DAE in plant, closer row spacing recorded
significantly higher nitrogen wuptake (43.67 kg/ha), as

compared to wider row spacing (33.40 kg/ha).
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During 1985, at 40 DAE in plant, wider row spacing

recorded significantly lower (7.86 kg/ha) nitrogen uptake,

as compared to closer row spacing (13.20 kg/ha). Similar
trend was obseved at 80 DAE in shoot, fruit and total

nitrogen uptake.

Method of irrigation : Method of irrigation had statistically
significant influence on nitrogen uptake, only at 60 DAE and
in fruit at 80 DAE, during 1984. During 1984, at 60 DAE in
plant, drip irrigation recorded significantly higher nitrogen
uptake (44.81 kg/ha), as compared to furrow irrigation (32.27
kg/ha).‘ AT 80 DAE, also, - the nitrogen uptake in fruit was
significantly higher (50.03 kg/ha), under drip irrigation, as

compared to furrow irrigation (35.84 kg/ha}.

4.1.6.3 Phosphorus content

The data on phosphorus content in watermelon, as
influenced by nitrogen, spacing and method of irrigation are
presented in Table 4.19.

Effect of nitrogen : Nitrogen fertilization had statistically
significant influence on phosphorus content in shoot, at

80 DAE, during 1984. At this stage, phosphorus content
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significantly increased from 0.16 per cent with 60 kg
nitrogen per ha to 0.20 per cent with 120 kg nitrogen per ha
and the difference between 120 kg and 180 kg nitrogen per ha

was not statistically significant.

Effect of spacing Row spacing had statistically
significant influence on phosphorus content, only at 80 DAE
during both the years, although, it was higher at wider row

spacing of 300 cm, as compared to closer row spacing of 200
cm, at all the stages.

- During 1984, at 80 DAE, the phosphorus content in shoot
was significantly higher (0.22%) with 300 cm row spacing, as
compared to 0.16 per cent with 200 cm row spacing. Similariy,
in fruit, it was 0.37 and 0.31 per cent with 300 cm and 200
cm row spacing, respectively. During 1985, also similar trend
was observed. .
Method of irrigation : Statistically significant differences
in phosphorus content were recorded, due to method of
irrigation, during both the years, except at 40 DAE, during
1984 and 1985.

During 1984, at 60 DAE in plant, drip irrigation had
significantly higher phosphorus content (0.31%), as compared
to furrow irrigaton (0.12%). At 80 DAE, phosphorus content in
shoot was significantly higher (0.23), under drip irrigation,
as compared to furrow irrigation (0.15%).

During 1985, at 60 DAE in plant, drip irrigation
recorded significantly higher phosphorus content (0.27%) as
compared to furrow irrigation (0.16%). Similar trend was

4

observed at 80 DAE also both in shoot and fruit.
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4.1.6.4 Phosphorus uptake

Phosphorus uptake of watermelon as influenced by

nitrogen, spacing and method of irrigation are presented in
Table 4.20,
Effect of nitrogen : Nitrogen fertilization had statistically
significant influence on phosphorus uptake only, at 40 DAE in
plant, during 1985 and at 80 DAE in shoot, during both the
years. However, it increased with the application of nitrogen
at all the stages, during both the years. During 1984, at 80
DAE, the phosphorus uptake in shoot increased significanly
from 4.04 kg per ha with 60 kg nitrogen per ha to 6.62 kg per
ha with 120 kg nitrogen per ha. The difference was not
statistically significant between 120 and 180 kg nitrogen per
ha.

During 1985, at 40 DAE in plant, it was significantly
higher (1.46 kg/ha), with 120 kg nitrogen per ha, as compared
to 60 kg nitrogen per ha (1.06 kg/ha)and the difference
between 120 kg and 180 kg nitrogen per ha, was not
statistically significant. AT 80 DAE, total phosphorus uptake
was signifi-cantly higher (9.23 kg/ha), with 180 kg nitrogen
per ha, as compared to 60 kg nitrogen per ha (11.36 kg/ha).
The differences between 60 kg and 120 kg as well as between
120 kg and 160 kg nitrogen per ha were not statistically
significant.

Effect of spacing : Phosphorus uptake was significantly
influenced by row spacing during both the years, except at 80

DAE in plant, during both the years.
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During 1984, at 40 DAE in plant, closer row spacing of
200 cm, recorded significantly higher phosphorus uptake (2.15
kg/ha), as compared to wider row spacing of 300 cm (1.33
kg.ha). Similar trend was observed at 60 and 80 DAE in fruit
and total phosphorus uptake.

During 1985, at 40 DAE in plant, phorsphorus uptake was
significantly higher (1.66 kg/ha), with closer row spacing,
as compared to wider row spacing (1.02 kg/ha). Similar trend

was observed at 60 and 80 DAE in fruit and total phosphorus

up take.
Method of irrigation : Plants raised under drip irrigation
recorded higher phosphorus uptake, than those raised under

furrow irrigation. Method of irrigation had statisticaily

significant influence on phosphorus uptake at 60 and 80 DAE
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during 1984 in shoot, fruit and total uptake and at 60 DAE .

and 80 DAE in shoot during 1985.

During 1984, at 60 DAE 1in plant, drip irrigation
recorded significantly higher phosphorus uptake (3.24 kg/ha),
as compared to furrow irrigation (1.52 kg/ha). AT 80 DAE, the
phosphorus wuptake in shoot, was significantly higher under
drip irrigation (6.77 Kkg/ha), as compared to furrow
irrigation (4.é5 kg/ha). Likewise in fruit, the phosphorus
uptake was 8.94 and 7.21 kg per ha, wunder drip and furrow
irrigations, respectively.

During 1985, at 60 DAE in plant, the phosphorus uptake
was significantly higher (2.52 kg/ha) under drip irrigation,

as compared to furrow irrigation (1.25 kg/ha). At 80 DAE in



shoot, furrow irrigation recorded significantly lower (3.67
kg/ha) phosphorus uptake, as compared to drip irrigation

(6.08 kg/ha).

4.1.6.5 Potassium content

The data on potassium content of watermelon, as

influenced by nitrogen, spacing and method of irrigation are
presented in Table 4.21.
Effect of nitrogen : Nitrogen fertilization had significant
influence on potassium content, only at 60 DAE in plant
during 1984 and at 80 DAE in fruit, during both the years,
although potassium content increased with the increase in
nitrogen levels, during both the years.

During 1984, at 60 DAE, potassium content in plant
significantly 1increased from 1.87 per cent with 60 kg
nitrogen per ha to 2.05 per cent with 120 kg nitrogen per ha

and the difference between 120 kg and 180 kg nitrogen per ha
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was not statistically significant. Similar trend was observed

in fruit at 80 DAE.

During 1985, at 80 DAE, it increased significantly in
fruit, from 2.62 per cent with 60 Kg nitrogen per ha to 3.46
per cent with 180 kg nitrogen per ha and the variations
between 60 and 120, as well as between 120 and 180 kg
nitrogen per ha, were not statistically significant.

Effect of spacing : Statistically significant differences in

potassium content, due to row spacing were recorded at 60 DAE

during 1984 and at 40 DAE during 1985.
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During 1984, at 40 DAE, the potassium content in plant
was significantly lower (3.24%) with closer row spacing of
200 cm, as compared to wider row spacing of 300 cm (3.68%).

During 1985, at 60 DAE in plant, closer row spacing had

significantly lower (3.24%) pofassium content, as compared to
wider row spacing (3.68%).
Method of irrigation : Method of irrigation had significant
influence on potassium content, duriﬁg both the years except,
at 40 DAE during 1984 and 80 DAE in shoot, during both the
years.

During 1984, at 60 DAE in plant, drip irrigation
recorded significantly higher potassium content (2.12%), as
compared to furrow irrigation (1.87%). At 80 DAE, in fruit,
the potassium content was significantly higher (3.42%) under
drip irrigation, as compared to furrow irrigation (2.94%).

During 1985, at 40 DAE in plant, drip irrigation
recorded significantly higher potassium content (3.65%), as
compared to furrow irrigation (3.27%). Similar trend was

observed at 60 DAE and at 80 DAE in fruit.

4,1.6.6 Potasium uptake

The data on potassium uptake of watermelon, as
infiuenced by nitrogen, spacing and method of irrigation are
presented in Table 4.22.

Effect of nitrogen : Nitrogen had statistically significant
influence on the potassium uptake, only at 40 DAE in plant,
during 1985 and 80 DAE in fruit, during both the years.

It increased with the nitrogen levels during both the years.
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During 1984, at 80 DAE, the fruit potassium uptake was
significantly higher (87.35 kg/ha) with 180 kg nitrogen per
ha, as compared to 60 kg (63.20 kg/ha) and 120 kg nitrogen
per ha (63.59 kg/ha), which were on par.

During 1985, at 40 DAE in plant, it was ;ignificantly

higher (10.26 kg/ha) with 180 kg nitrogen per ha, as compared
to 60 kg nitrogen per ha (7.04 kg/ha). The difference between
120 (9.43 kg/ha) and 180 kg nitrogen per ha was not
statistically significant. At 80 DAE, the potassium uptake in
fruit was significantly highest (76.51 kg/ha) with 180 kg
nitrogen per ha, as compared to 60 kg (53.34 kg/ha) and 120
kg nitrogen per ha (53.47 kg/ha).
Effect of spacing : Closer row spacing of 200 cm recorded
higher potassium uptake, as compared to wider row spacing of
300 cm, at all the stages during both the years. Row spacing
had statistically significant influence on potassium uptake
during bothbthe years, except at 80 DAE, during 1984, in
shoot and fruit. |

During 1984, at 40 DAE, potassium uptake in plant was
significantly higher (14.62 kg/ha), with closer row spacing,
as compared to wider row spacing (7.14 kg/ha). At 60 DAE in
plant, <closer row spacing recorded significantly higher
(22.72) potassium uptake, as compared to wider row spacing
(15.90 kg/ha). Similar trend was observed at 80 DAE in fruit.

During 1985, at 40 DAE in plaqt. it was significantiy
higher (11.61 kg/ha), with closer row spacing of 200 cm, as
compared to wider row spacing of 300 cm (6.21 kg/ha). Similar

trend was observed at 60 DAE and 80 DAE.
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Method of irrigation : Method of irrigation had significant
influence on potassium uptake in plant, only at 60 DAE. AT
this stage, drip irrigation recorded significantly higher
(23.18 and 17.74 kg/ha during 1984 and 1985 respectively)
potassium uptake, than furrow irrigation (15.45 and 13.91

kg/ha during 1984 and 1985, respectively).

4.1.6.7 Calcium content

The data on calacium content of = watermelon, as
influenced by nitrogen, spacing and method of irrigation are

presented in Table 4.23.

Effect of nitrogen : Calcium content did not increase
significantly, due to nitrogen levels, during both the years.
However, <calcium content - increased with 1increase in the

levels of nitrogen, at all the stages, during both the years.

Effect of spacing : Closer row spacing of 200 cm recorded
lower content of calcium, at all the growth stages during
both the years. Statistically significant influence of row
spacing on calcium content was observed, at 80 DAE in
shoot, during both the years. During 1984, calcium content in
shoot was 4.65 per cent with 300 cm row spacing and 4.02 per
cent with 200 cm row spaciné. During 1985, it was 4.34 pér
cent in shoot, with 300 cm row spacing and 3.78 per cent with
200 cm row spacing.

Method of irrigation : Method of irrigation had statistically
significant influence on calcium content in plant, only at 40

DAE, during both the years and at 80 DAE in shoot, during
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1984. During 1984, at 40 DAL, the calcium content in plant
was 3.54 per cent in 1984 and 3.35 per cent in 1985 under
drip irrigation, as compared to 3.05 per cent in 1984 and

2.91 per cent in 1985, under furrow irrigation, respectively.

4.1.6.8 Calcium uptake

The data on calcium uptake of watermelon, as inflﬁenced
by nitrogen, spacing and method of irrigation are presented
in Table 4.24. -

Effect of nitrogen : Calcium uptake increased with the
increase in nitrogen, at all the growth stages, during both
the years. Statistically =

significant influence on calcium uétake due to nitrogen was
observed, only at 80 DAE in shoot and total wuptake, during
both the years.

During 1984, at 80 DAE, total calcium uptake was
significantly highest (158.57 kg/ha) with 180 kg nitrogen per
ha, as compared to 60 (114.40 kg/ha) kg nitrogen per ha and
the difference between 120 (142.36 kg/ha) and 180 kg nitrogen
per ha was not statistically significant. -Similar trend was
observed in calcium uptakev of shoot.

During 1985, it increased significantly from 105.54 kg
per ha with 60 kg nitrogen to 141.26 kg per ha with 180 kg
nitrogen per ha and the differences between 60 kg and 120 kg,
as well as 120 kg and 180 kg nitrogen per ha, were not
statistically significant. The calcium uptake in shoot was
significantly highest (134.69 kg/ha), with 180 kg nitrogen

per ha, as compared to 60 kg nitrogen per ha (100.54 kg/ha)
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and the difference between 60 kg and 120 kg (107.74 kg/ha) as
well as 120 kg and 180 kg nitrogen per ha were not stati-
stically significant.

Effect of spacing : Cldser row spacing of 200 cm recorded
higher <calcium wuptake, at all the stages, during both the
years. Row spacing had statistically significant influence on
calcium wuptake, during both the years, excgpt at 60 DAE in
plant, during both the years and at 80 DAE in total uptake
and shoot during 1984.

During 1984, at 40 DAE, the.calcium uptake in plant with
closer row spacing of 200 cm was 12.24 kg per ha, as compared
to 6.61 kg per ha with wider row spacing of 300 cm. At 80 DAE
in fruit, similar trend was observed.

During 1985, at 40 DAE, <calcium uptake in plant was
significantly higher (9.28 kg/ha) with 200 cm row spacing, as
compared to 300 cm row spacing (6.00 kg/ha). At 80 DAE, the
total calcium uptake was significantly higher (135.60 kg/ha)
with closer row spacing, as compared to wider row spacing
(104.72 kg/ha). Similar trend was observed in shoot -and
calcium uptake in fruit.

Method of irrigation : In general, drip irrigation recorded
higher calcium wuptake, as compared to furrow irrigation,
during both the years. Method of irrigation had significant
influence on calcium uptaké. only at 60 DAE in plant, during
1984. At this stage, drip irrigation recorded significantly
higher (46.72 kg/ha) calcium uptake, as compared to furrow

irrigation (35.21 kg/ha).



4.1.6.9 Magnesium content
The data on magnesium content  in watermelon, as
influenced by nitrogen, spacing and method of irrigation are

presented in Table 4.25.

Effect of nitrogen : Increase in nitrogen levels did not
result in significant increase in magnesium content, during
both the years. However, slight increase in magnesium content

was observed, due to nitrogen application.

Effect of spacing : Row spacing did not influence the
magnesium content, during both the years, except at 80 DAE in
shoot during 1984. At this stage, wider row spacing of 300
cm, recorded higher (10.09 %) magnesium content than closer

row spacing of 200 cm (0.99%).

Method of irrigation : Magnesium content was not influenced
by method of irrigation, at any of the growth stages, during
both the years, except at 60 DAE in plant, during 1984. At
this stage, it was significantly higher with drip irrigation

(1.06%), as compared to furrow irrigation (0.39%).

4.1.6.10 Magnesium uptake

The data on magnesium uptake of watermelon, as influened
by nitrogen, spacing and method of irrigation are presented

in Table 4.26.

Effect of nitrogen : Magnesium uptake increased with the
application of nitrogen, at all the stages, during both the

years. Nitrogen fertilization had statistically significant
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influence on magnesium uptake, only at 60 DAE in Apiant.
during 1984 and at 80 DAE in shoot, during both the years and
at 40 DAE, during 1985,

During 1984, at- 60 DAE 1in plant, it increased
significantly (10.77 kg/ha) with 180 kg nitrogen per ha, as
compared to 60 kg nitrogen per ha (8.22 kg/ha) and the
differences between 60 kg and 120 kg, as well as 120 kg and
180 kg nitrogen per ha were not statistically significant. At
80 DAE, the total magnesium uptake was significantly highest
(45.95 kg/ha), with 180 kg nitrogen per ha, as compared to 60
kg nitrogen per ha (37.20 kg/ha), but was on par with 120 kg
nitrogen per ha (43.82 kg/ha). The difference between 60 kg
and 120 kg nitrogen per ha, was also statistically
significant. The shcot calcium uptake followed a trend
similar to that of total calcium uptake.

During 1985, at 40 DAE, magnesium uptake in plant
increased significantly from 1.62 kg per ha, with 60 kg
nitrogen per ha to 2.34 kg per ha, with 120 kg nitrogen per
ha and the difference between 120 énd 180 kg (2.44 Kkg/ha)
nitrogen per ha, was not statistically significant. At 80
DAE, the total magnesium uptake was significantly highest
(42.91 kg/ha), as compared to both 60 kg (32.14 kgs/ha) and
120 kg nitrogen per ha (33.53 kg/ha). The difference between
60 kg and 120 kg nitrogen per ha, was not statisticaliy
significant. The magnesium uptake in shoot followed ‘a similar

trend.
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Effect of spacing : Significant differences in magnesium
uptake, were recorded, due to the influence of row spacing
during both the years, except at 80 DAE, during 1984 and at
60 DAE in plant, during 1985. During 1984, at 40 DAE in
plant, <c¢loser row spacing of 200 cm recorded significantly
higher uptake of magnesium (3.50 kg/ha), as compared to wider
row spacing of 300 cm (1.93 kg/ha). Similar trend was
observed at other stages also.

During 1985, «closer row spacing of 200 c¢m recorded
significantly higher (2.67 kg/ha) magnesium uptake, as
compared to, wider row spacing of 300 cm (1.60 kg/ha).

Similar trend was observed at 80 DAE.

Method of irrigation : Method of irrigation had significant
influence on magnesium uptake in plant, only at 60 DAE and at

80 DAE in shoot, during 1984, though drip irrigation recorded

133

higher uptake of magnesium, at all the stages, during both

the years.
At 60 DAE in plant, drip irrigation recorded

significantly higher magnesium uptake (10.17 kg/ha), as

compared to furrow irrigation (8.48 kg/ha). Likewise, at 80
DAE, drip irrigation resulted 1in significantly higher
magnesium uptake (33.62 kg/ha), as compared to furrow

irrigation (29.99 kg/ha).
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4.1.7 Correlation studies

The data on correlations between yield and other
characters are presented in Table 4.27.

During 1984, significant and positive correlations were
obtained, between yield and rind thickness and calbium
content.

During 1985, significant and positive correlations wefe
obtained, between yield and vine length, leaf area index and
number of fruits pér ha.

Response eguations

Response equations fitted to the yield data indicated a
quadratic response which are presented in the following
table.A (page 136).

From the response -equations, the optimum nitrogen
requirement was found to be 121 kg nitrogen per ha, in 1984
and 141 kg nitrogen per ha, in 1985 and the corresponding
optimum yields at these levels were 379.4 q per ha and 349.3
g per ha respectively. The nitrogen use efficiency was 313.9
and 247.9 kg fruit per kg nitrogen, during 1984 and 1985
respectively.

4.1.8 Water-use

The data on water-use in watermelon under drip and

furrow irrigation are presented below. |

Total water used including rainfall, mm

Method of irrigation 1984 1985
Drip 0.50 PER 352.25 377 .30

Furrow : 0.50 IW/CPE 408.78 408 .90
with 5.0 cm depth :
of irrigation
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Thus, the water use under furrow irrigation was higher
by 16 per cent in 1984 and 8 per in 1985,

4.1.9 Economics of drip irrigation

The details of the cost of laying out the ‘drip
irrigation system along with the cost and returns of drip and
furrow irrigation are presented in Table 4.28. and 4.28a,

The <cost of drip irrigation unit per hactare worked out
to be Rs.22,960/-. The total cost under drip irrigation
includes, the cost of cultivation, interest on capital
invested at 12 per cent per annum and deprecia}ion.

The economics of drip and furrow irrigation wunder
different levels of spacing are presented in table 4.28 a.b

Table 4.28a Economics of drip and furrow irrigation

under different levels of spacing.

Drip irrigation Furrow irrigation
Particulars
200 cm 300 cm 200 cm 300 cm
1. Yield, g/ha 390.07 362.83 336.36 303.472
2. Gross returns, 19,503 18,141 16,818 15,171
Rs/ha
3. Cost of cultivation, 3201 3125 3354 3278
Rs/ha :
4. Total costs, 5506 4808 3354 3278
Rs/ha
5. Gross profit 13,997 13,333 13,464 11,893
Rs/ha
6. Benefit cost , 2.54 2.77 4.01 3.63
ratio
price of the produce : Rs.b50/

2%

Total cost includes depreciation charges and interest on

capaital invested at 12%.
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The total cost under drip irrigation with 200 cm row
spacing was Rs.5506 and with 300 cm spacing, it was Rs.4808,
as compared to Rs.3354 and Rs.3278 with 200 cm and 300 cm row
spacing respectively, wunder furrow irrigation. The gross
profit with 200 cm row spacing was higher, under both the
drip (Rs.13,997) and furrow (13,464) irrigation, as compared
to 300 c¢m row spacing (Rs.13,333 under drip and Rs.11,893

under furrow irrigation). The benefit-cost ratio was higher

under furrow irrigation (4.01 with 200 cm row spacing and

3.63 with 300 cm row spacing), as compared to drip irrigation
(2.54 with 200 cm row spacing and 2.77 with 300 c¢m row
spacing). The benefit cost ratio was 1low under drip

irrigation, mainly due to higher initial cost involved.

4.2. Experiment II : Studies on comparative efficiency of

drip and furrow irrigation systems

in watermelon.

4.2.1. Growth and growth components

4.2.1.1 Vine length

The data on vine length of. watermelon, as
influenced by IW/CPE ratio and method of irrigation are

presented in Table 4.29.

IW/CPE ratio : Statistically significant differences in vine
length due to IW/CPE ratio were observed at all the grdwth

stages, except at 20 DAE during both the years.
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During 1984, at 40 DAE, vine length was significantly
higher with irrigation at 1.00 IW/CPE ratio (189.3 <c¢cm), as
compared to irrigation at 0.25 IW/CPE ratio (150.5cm). The
differences between 0.50 and 0.75, as well as between 0.75
and 1.00 IW//CPE ratios were not statistically significant.

At 60 and 80 DAE, similar trend was observed.

During 1985, at 40 DAE. the vine length vafiations between
irrigation at 0.25 and 0.50 and between 0.75 and 1.00 IW/CPE
ratios were not statistically significant. However,
irrigation at 0.25 and 0.50 1IW/CPE ratios recorded
significantly lower vine length, as compared to irrigation
at 0.75 and 1.00 IW/CPE ratios. At 60 DAE, vine length was
significantly higher with irrigation at 1.00 IW/CPE ratia
(292.8cm), as compared to irrigation at 0.25 IW/CPE ratio
(232.5 cm). The differences among 0.25, 0.50 and 0.75 IW/CPE
ratios were not statistically significant. At 80 DAE,
irrigation at 1.00 IW/CPE ratio recorded significantly
higher (323.0 cm ) vine length, as compared to 0.25 (277.3
cm) and 0.50 (280.9 cm) IW/CPE ratios. The vine length at

0.75 (316.8 cm) and 1.00 IW/CPE ratios were on par.

Method of irrigation : Statistically significant differences
in vine length were recorded, due to method of irrigation, at
all the growth stages, during both the years, except at 20
DAE in both the years.

During 1984 at 40 DAE, drip irrigation with one

emitter per two plants recorded significantly higher vine
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length (180.2 cm), as compared to 5.0 cm depth under furrow
irrigation (151.6 cm), but was on par with one emitter per
plant wunder drip irrigation (163.3 cm) and 2.5 c¢m depth
under furrow irrigation (170.0 cm). At 60 DAE, furrow
irrigation with 5.0 cm depth recorded significantly lowest
(242.5 cm), wvine length as compared to all other treatments
which were on par. At 80 DAE, similar trend was observed.

During 1985 at 40 DAE, drip irrigation with one
emitter per two plants recorded significantly higher vine
length (171.7 cm) as compared to 5.0 cm depth under ferrow
irrigation (134.0 cm). The differences within two drip and
within two furrow irrigations were also statistically
significant.

The interaction effect of IW/CPE ratio and method of
irrigation was statistically significant during 1984, at 80
DAE (Table 4.30). The vine length was highest (372.3 <c¢m)
with irrigation at 0.50 IW/CPE ratio, under drip irrigation,
with one emitter per two plants and was lowest (223.3 cm)
with irrigation at 0.50 IW/CPE ratio under furrow
irrigation, with 5.0 c¢m depth. This was on par with
irrigation at 0.25 IW/CPE ratio (249.3 cm) and 1.00 IW/CPE
(270,0 cm) ratio with 5.0 cm depth under furrow irrigatibn
and 0.25 IW/CPE ratio (272.3 cm) with one emitter per plant
under drip irrigation.

4.2.1.2 Vine girth

The data on vine girth of watermelon as influenced
by IW/CPE ratio and method of irrigation are presented in

Table 4.31
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IW/CPE ratio : Statistically significant variations in vine
girth were recorded at 60 DAE in both the years and at 40 and
at 80 DAE during 1985.

During 1984 at 60 DAE, vine girth was significantly
higher (2.24 cm ) with irrigation at 1.00 IW/CPE ratio, as
compared to irrigation at 0.25 IW/CPE ratio (1.99.cm), but
was on par with irrigation at 0.50 (2.12 cm) and 0.75 (2.21
cm), IW/CPE ratios. |

During 1985 at 40 DAE, the vine girth was significantly
lower (1.86 cm) with irrigation at 0.25 IW/CPE ratio, as
compared to irrigation at 0.75 (2.07 cm) and 1.00 (2.20 cm)

IW/CPE ratios, but was on par with irrigation at 0.50 IW/CPE

ratio (2.03 cm). Similar trend was observed at 60 and at 80
DAE.

Method of irrigation : Vine girth was more under drip
irrigation, as <compared to furrow irrigation, at all the

stages. However, the varitions were statistiéally significant
only at 80 DAE during both the years. At this stage, during
1984, furrow irrigation with 5.0 c¢cm depth recorded
significantly lower (2.12 cm) vine girth, as compared to one
emitter per two plants under drip irrigation (2.35 cm ), but
was on par with 2.5 cm depth (2.16 c¢m), under drip
irrigation. Similar trend was observed during 1985.

4.2.1.3 Number of leaves per plant

The data on the number of leaves in watermelon,
as influenced by IW/CPE ratio and method of irrigation are

presented in Table 4.32.
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IW/CPE ratio : Statistically significant differences in

number of leaves, as influenced by IW/CPE ratios were
observed at all the stages, except 60 DAE during 1985.

During 1984 at 20 DAE, the number of leaves was
significantly lower (3.7) with irrigation at 0.25 IW/CPE
ratio, as compared to irrigation at 1.00 IW/CPE ratio (5.1),

-but was on par with irrigation at 0.50 (4.1) and 0.75 (4.4)
IW/CPE ratios . At 40 DAE, the number of leaves was
significantly lower (32.5) with irrigation at 0.25 IW/CPE
ratio, as compared to irrigation at 0.75 (42.1) and 1.00
(45.5) IW/CPE ratio, but was on par with irrigation at 0.50
(34.8) IW/CPE ratio. At 80 DAE, similar trend was observed.

During 1985 at 40 DAE, number of leaves was

significantly lower (29.7) with irrigation at 0.25 IW/CPE
ratio, as compared to irrigation gt 0.75 (35.7) and 1.00
(39.2) IW/CPE ratio, but was on par with irrigation at 0.50
(30.6) IW/CPE ratio. At 60 DAE and 80 DAE, similar trend
was observed.
Method of irrigation : During 1984 at 40 DAE, the number of
leaves was significantly higher (42.9) with one emitter per
two plants under drip irrigation, as compared to 2.5 c¢m
(37.0) and 5.0 cm (33.0) depths under furrow irrigation, but
was on par with one emitter per plant (4i.5) under drip
irrigation.

During 1985 at 40 DAE, 5.0 cm depth under furrow
irrigation recorded significantly lower number of leaves

(29.7), as compared to one emitter per plant (36.4) and one
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emitter per two plants (37.3) under drip irrigation, but was
on par with 2.5 cm depth, under furrow irrigation (31.8).
Similar trend was observed at 60 DAE.

4.2.1.4 Number of male and female flowers, primary branches

and node gi first female flower occurrence,

The data on number of male and female flowers, primary
branches and node of first female flower occurrence are

presented in Table 4.33.

Number gi male flowers

IW/CPE ratio : During 1984, the number of male flowers was
significantly higher (59) with irrigation at 1.00 IW/CPE
ratio as compared to irrigation at 0.25 IW/CPE ratio (49).
The differences among 0.50, 0.75 and 1.00 IW/CPE ratios were
not statistically significant. -
During 1985, the number of male flowers was
significantly lower (45) with irrigation at 0.25 IW/CPE
ratio, as compared to irrigation .at 0.50 (52), 0.75 (55)

and 1.00 (58) IW/CPE ratios.

Method of irrigation : During 1984, the number of male
flowers produced was significantly higher (58) with 5.0 cm
depth under furrow irrigation, as compared to 2.5 cm depth
(48) under furrow irrigation, but was on par with one emitter
per plant (53) and one emitter per two plants (57), unaer

drip irrigation. During 1985, similar trénd was observed.

Number g£ female flowers:

IW/CPE ratio : During 1984, the number of female flowers
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produced ratio, was significantly higher (23) with irrigation
at 1.00 IW/CPE ratio, as compared to irrigation at 0.25 (18)
and 0.50 IW/CPE ratio (19). The difference between

irrigation‘ at 0.75 (21) and 1.00 IW/CPE ratios were not

statistically significant. Similar ‘trend was observed during
1985.
Method of irrigation : The number of female flowers

produced, as influenced by method of irrigation was not

statistically significant, during both the years.

Number g£ branches:

IW/CPE ratio : During 1984, the number pf branches were
significantly higher (2.9) with irrigation at 1.00 IW/CPE
ratio, as compared to irrigation at 0.25 (2.4) and 0.50
(2.5) IW/CPE ratio. The differences between irrigation at

0.75 and 1.00 IW/CPE was not statistically significant.

The wvariations in number of branches produced during

1985 were not statistically significant.

Method of irrigation During 1984, the number of branches

was significantly higher with one emitter per plant under

drip irrigation (2.8), as compared to 5.0 cm depth under
furrow irrigation (2.3). The differences among other
treatments were not statistically significant. The
differences in number of branches during 1985 were not

statistically significant.

Node gi first female flower occurrence :

IW/CPE ratio : Statistically significant differences were not
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recorded, due to the influence of IW/CPE ratio on the node

of first female flower occurrcence, during bolth the years.
However, the node at which the first female flower occurred,
were reduced during both the.years, with increase in the

IW/CPE ratios.

Method of irrigation : Statistically significant differences
in node of first female flower occurrence were recorded only
during 1985. The node at which the first female flower
occurred was significantly higher (4.1) with 5.0 cm depth,

under furrow irrigation as compared to all other treatments.

4.2.1.5 Dry matter production

The data on dry matter production of watermelon, ‘as
influenced by IW/CPE ratio and method of .irrigation are

presented in Table4.34.

IW/CPE ratio : Statistically significant differences in dry
matter production, as influenced by IW/CPE ratio, were
recorded only at 40 DAE in both the years, at 80 DAE in fruit

and total dry matter during 1984 and 1985.

During 1984 at 40 DAE, the dry matter was significantly

higher with irrigation at 0.75 (27.27 g/plant ) and 1.00

(29.00 g/plant) IW/CPE ratio, as compared to irrigation at
0.25 (20.67 g/plant) and 0.50 1IW/CPE ratio (20.68
g/plant}). The differences between irrigation at 0.25 and

0.50 as well as that between 0.75 and 1.00 IW/CPE ratio, were

not statistically significant. At 80 DAE, the total dry
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matter was significantly higher with irrigation at 1.00
IW/CPE ratio (467.56 g/plant) as compare to irrigation at
0.25 IW/CPE ratio (412.60 g/plant). The differences among
0.25, 0.50 and 0.75 IW/CPE ratios were not statistically
significant. Similar trend was observed in fruit dry matter.
During 1985 at 40 DAE, the dry matter production was
significantly higher with irrigation at 0.75 (24.13 g/plant)
and 1.00 (25.15 g/plant) IW/CPE ratio, as compared to
irrigation at 0.25 (18.41g/plant) and 0.50 (19.79 g/plant)
IW/CPE ratio. The differences in dry matter production
between irrigations at 0.25 and 0.50, as well as that
between 0.75 and 1.00 IW/CPE ratios, were not statistically
significant. At 80 DAE, the total dry matter production with
irrigation at 1.00 IW/CPE ratio (395.90 g/plant) was on par
with irrigation at 0.75 (387.38 g/plant) and 0.50 (366.51
g/plant) IW/CPE ratio, 'but significantly higher than
irrigation at 0.25 IW/CPE ratio (343.17 g/plant).Similar

trend was observed in fruit dry matter.

Method of irrigation : Method of irrigation resulted- in
statistically significant variations in dry matter, at all
the growth stages, except at 20 DAEand 60 DAE during 1985.
During 1984 at 20 DAE, dry matter production was
significantly higher (1.44 g/plant ) with one emitter per two
plants wunder drip irrigation, as compared to all other
treatments. At 40 and 80 DAE, the trend was similar in total
and fruit dry matter. At 80 DAE, the dry matter production

in shoot was significantly higher (252.47 g/plant) with one
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emitter per plant under drip irrigation, as compared to 5.0
cm depth, under furrow irrigation (185.61 g/plant}). The
differences within two drip irrigation and within two

furrow irrigation treatments were not statistically

significant.

4.2.1.6 Leaf area per plant

The data on leaf area per plant of watermelon as
influenced by IW/CPE ratio and method of irrigation are
presented in Table 4.35
IW/CPE ratio : Leaf area of watermelon increased with
increase in the IW/CPE ratio, at all the growth stages,
during both the years, but the differences were statistically
significant only at 40 DAE during both the years and at 60

DAE during 1985.

During 1984 at 40 DAE, 1leaf area was significantly
higher with irrigation at 0.75 (2615 cmz/plant ) and 1.00
(2779 cmz/plant) IW/CPE ratios, as compared to irrigation
at 0.25 (1981 cmz/plant ) and 0.50 (1982 cmz/plant) IW/CPE
ratios.

During 1985 at 40DAE, the leaf area with irrigation at

0.75 (2485 cmz/plant) and 1.00 (2692 cmz/plant) IW/CPE ratios

were on par, but significantly higher, as compared to
irrigation at 0.25 (1856 cmz/plant) and 0.50 (1937
sz/plant) IW/CPE ratios. At 60 DAE, it was significantly

higher with irrigations at 0.75 (5795 cmz/plant) and 1.00
(6064 cmz/plant) IW/CPE ratio as compared to irrigation at

0.25 IW/CPE ratio (4456 cmz/plant), but was on par with 0.50
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IW/CPE ratio (5477 cmz/plant).

Method of irrigation : Statistically significant variations
were recorded due to method of irrigation, at all the stages,
except at 20 DAE in both the years.

During 1984 at 40 DAE, drip irrigation with one emitter
per two plants (2766 sz/plant) and one emitter per plant.
(2535 cmz/plant ) recorded significantly higher leaf area,
as compared to 2.5 cm (2134 cmz/plant) and 5.0 cm (1921
cmz/plant) depth under furrow irrigation. At 60 DAE, the
leaf area was significantly higher (6903 cmz/plant) with one
emitter per two plants under drip irragation, as compared to
5.0 cm depth under furrow irrigation (4964 cmz/plant) but
was on par with one emitter per plant under drip irrigation
(6640 cmz/plant) and 2.5 cm depth under furrow irrigation

(5191 cmz/plant). At 80 DAE, similar trend was observed.

During 1985 at 40 DAE, one emitter per plant under drip
irrigation recorded significantly higher leaf area (2674
cmz/plant), as compared to 2.5 cm (2020 sz/plantJ and 5.0 cm
(1856 cmz/plant) depths, wunder furrow irrigation, but was on

par with one emitter per plant under drip irrigation (2420

cmz/plant.). At 60 DAE, one emitter per plant under drip
irrigation resulted in significantly higher leaf area (6259
cmz/plant), as compared to 5.0 cm depth wunder furrow

irrigation (4678 cm 2/plant). The difference between 2.5 cm
depth under furrow irrigation (4904 sz/plant) and one

emitter per plant (5952 sz/plant ) or one emitter per two



plants was not statistically significant. At 80 DAE, similar

trend was observed.

4.2.1.7 Leaf area index

The data on leaf area index of watermelon at different
growth stages as influenced by IW/CPE ratio and method of
irrigation are presented in Table 4.36.

IW/CPE ratio : Leaf area index increased with increasing
IW/CPE ratio at all the growth stages, during both the
years. The variations however, were statistically significant

only at 40 and 80 DAE during both the years.

During 1984, at 40 DAE, leaf area index  was
significantly higher (0.309) with irrigation at 1.00 IW/CPE
ratio, as compare to irrigation at 0.25 (0.220) and 0.50
(0.220) IW/CPE ratios, but was on par with irrigation at 0.75

(0.290) IW/CPE ratio. Similar trend was observed at 60 DAE.
| During 1985, at 40 DAE, leaf area index was significantly
higher with irrigation at 0.75 (0.276) and 1.00 (0.299)
IW/CPE ratios, as compared to irrigation at 0.25 (0.206) and
0.50 (0.215) IW/CPE ratio . The difference phetween 0.25 and
0.50 IW/CPE ratios, as well as that between 0.75 and 1.00
IW/CPE ratios were not statistically significant. But the
difference betweem 0.50 and 0.75 IW/CPE ratios Was
statistically significant. At 60 DAE, leaf area index was
significantly higher with irrigation at 0.75 (0.644) and
1.00 (0.674) IW/CPE ratios, as compared to irrigation at 0.25
(0.495) IW/CPE ratio, but was on par with irrigation at 0.50

(0.608) IwW/CPLE ratio
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Method of irrigation Method of irrigation recorded
statistically significant differences in lecaf arca index, al
all the growth stages, except at 20 DAE during both the

years.
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During 1984, at 40 DAE, one emitter per two plants

under drip irrigation recorded significantly higher 1leaf
area index .(0.307). as compared to 2.5 cm (0.237) and 5.0 cm
depth (0.213) under furrow irrigation, but was on par with
one emitter per plant under drip irrigation (0.283). Similar
trend was observed at 60 DAE. At 80 DAE, one emitter per two
plants wunder drip irrigation recorded significantly higher

(0.294) leaf area index, as compared to 5.0 cm depth under

furrow irrigation (0.206), but was on par with one emitter:

per plant under drip irrigation (0.281) and 2.5 <cm depth
under furrow irrigation (0.245).

During 1985, at 40 DAE, drip irrigation with one emitte
per two plants recorded significantly higher leaf aréa iqdex
(0.296), as compared to 2.5 cm (0.224) and 5.0 <c¢m depth
(0.209) wunder furrow irrigation, but was on par with Yone
emitter per plant under drip irrigation (0.268). Similar
trend was observed at 60 DAE. At 80 DAE also, leaf area index
was significantly higher (0.250) with one emitter per two
plants, as compared to 5.0 cm depth (0.177) wunder furrow

irrigation, but was on par with 2.5 cm depth (0.255) under

furrow irrigation and one emitter per plant under drip

irrigation (0.243).

r



4.2.1.8 Leaf area duration

The data on leaf area duration of watermelon as

influenced by IW/CPE ratio and methods of irrigation are
presented in Table 4.37.
IW/CPE ratio : Leaf area duration increased with increase in
IW/CPE ratio at all the growth stages, during both the years.
However, the differences were statistically significant only
between 21 to 40 DAE during both the years.

During 1984 at this stage, 1leaf area duration was
significantly higher with irrigation at 0.75 (282 dm2
days) and 1.00 (298 dm2 days) IW/CPE ratios, as compared to
irrigation at 0.25 (216 dm 2 days) and 0.50 (218 dm2 days
IW/CPE ratio . The differences between irrigation at 0.25
and 0.50, as well as that between 0.75 and 1.00 IW/CPE
ratios, were not statistically significant. Similar trend was

observed during 1985.

Method of irrigation : Statistically significant differences
were recorded in leaf area duration, as influenced by method
of irrigation, at all the stages except between 41 to 60 DAE
in 1985.

During 1984 between 21 to 40 DAE, drip irrigation with
one emitter per two plants recorded significantly higher leaf
area duration (295 dm 2 days), as compared to 2.5 cm (235 dm

days) and 5.0 cm depth (210 dm 2 days) under furrow
irrigation, but was on par with one emitter per plant
(276 dm2 days) under drip irrigation. Between 41to 60 DAE,

drip irrigation with one emitter per two plants, recorded
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significantly higher leaf area duration (946 dm2 days), as
compared to 5.0 cm depth under furrow irrigation (733 dm2
days), but was on par with 2.5 cm depth (773 dm 2 days) under
furrow irrigation and one emitter per plant (853 dm 2 days},

under drip irrigation. Similar trend was observed between 61

to 80 DAE.

During 1985, between 21 to 40 DAE, leaf area duration
was significantly higher (280 dm_2 days ) with one emitter
per two plants under drip irrigation, as compared to 2.5 cm
(223 dm 2 days) and 5.0 cm depth (207 dm 2 days) under furrow
irrigation, but was on par with one emitter per plant (260
dm 2 days) under drip irrigation. Between 61 to 80 DAE, drip
irrigation with one emitter per two plants (828 dm 2 days)
resulted 1in significantly higher 1leaf area duration, as
compared to 2.5 cm depth under furrow irrigation (627 dm
days), but was on par with 2.5 cm depth (714 dm 2 days) under
furrow irrigation and one emitter per plant wunder drip

irrigation (815 dm 2 days).

4.2.1.9 Relative growth rate

The data on relative growth rate of watermelon as -
influenced by IW/CPE ratio and method of irrigation are
presented in Table 4.38.

IW/CPE ratio : Statistically s%gnificant variations in
relative growth rate, as influenced by IW/CPE ratio were
recorded during all stages, except between 61 to 80 DAE, in

both the years.
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During 1984 between 21 to 40 DAE, relative growth rate
was significantly higher (0.1685 g/g/day) with irrigation at
1.00 IW/CPE ratio as compared to irrigation at 0.25 IW/CPE
ratio (0.1486 g/g/day). The differences among 0.25, 0.50 and
0.75 IW/CPE ratio were not statistical}y significant.
Similar trend was observed between 41 to 60 DAE.

During 1985 between 21 to 40 DAE, the variations in
relative growth rate, with irrigation at 0.25, 0.50 and 0.75
IW/CPE ratios were not statistically significant. But
significantly higher relative growth rate was recorded with
irrigation at 1.00 IW/CPE ratio (0.1651 g/g/day) as
compared to irrigation at 0.25 IW/CPE (0.1475 g/g/day).
Between 41 to 60 DAE, it was significantly higher (0.0759
g/g/day) with irrigation at 1.00 IW/CPE as compared to 0;25
(0.0570 g/g/day) and 0.50 (0.0611 g/g/day) IW/CPE ratio, but
was on paf with irrigation at 0.75 (0.0721 g/g/day) IW/CPE

ratio.

Methodv of irrigation : Statistically significant variations
in relative growth rate, as influenced by method of irriga-
tion were recorded at all stages, during both the years.
During 1984, between 21 to 40 DAE, relative growth rate
was significantly higher (0.1694 g/g/day) with one emitter
per two plants under drip irrigation, as compared to 5.0 <cm
depth under furrow irrigation (0.1490 g/g/day), but was on
par with 2.5 cm depth under furrow irrigation (0.1531 g/g
day) and one emitter per plant under drip irrigation (0.1613

g/g/day).Between 41 to 60 DAE, it was significantly higher

164



165

(0.0881 g/g/day) with one emitter per two plants under drip
irrigation, as compared to 2.5 cm (0.0698 g/g/day) and 5.0 cm
(0.0633 g/g/day) depth, under furrow irrigation .The
difference between one emitter per plant and one emitter per
two plants wunder drip irrigation was not statistically
significant. Similar trend was observed between 61 to 80 DAE.

During 1985, between 21 to 40 DAE, the relative growth
rate was significantly higher (0.1688 g/g/day) with one
emitter per two plants under drip irrigation, as compared to
2.5 cm (0.1511 g/g/day) and 5.0 cm depth (0.1450 g/g/day)
under furrow irrigation. The differences between one
emitter per plant and one emitter per two plants under drip
irrigation, as well as that between one emitter per piant
under drip irrigation and 2.5 c¢cm depth under furrow

irrigation were not statistically significant. Between 41 to

60 DAE, similar trend was observed. Between 61 to 80 DAE,
relative growth rate was significantly higher (0.0833
g/g/day) with one emitter per two plants under drip

irrigation, as <compared to 5.0 cm depth (0.0679 g/g/day)
under furrow irrigation, but was on par with one emitter per
plant (0.0815 g/g/day) under drip irrigation and 2.5 cm depth
(0.0710 g/g/day) under furrow irrigation. The differences
among one emitter per plant under drip\irrigation and 2.5 cm
as well as 5.0 cm depth under furrow irrigation, were not

statistically significant.



4.2.1.10 Net assimilation rate

The data on net assimilation rate of watermelon ‘as

influenced by IW/CPE ratio and method of 1irrigation are
presented in Table 4.39.
IW/CPE ratio : Net assimilation rate increased with increase
in IW/CPE ratio at all growth stages, during both the
years. Statistically significant variations in net
assimilation rate, as influenced by IW/CPE ratio were
recorded only between 21 to 40 DAE and 41 to 60 DAE During
1984. |

During 1984, between 21 to 40 DAE, net assimilation
rate was significantly higher {0.1447 g/dmz/day) with
irrigation at 1.00 IW/CPE ratio, as compared to irrigation
at 0.25 IW/CPE ratio (0.1256 g/dm 2/day). The differences
among other treatments were not statistically significant.

During 1985, Dbetween 41 to 60 DAE, net assimilation
rate was significantly higher (0.1281 g/dm 2/day) with
irrigation at 1.00 IW/CPE ratio, as compared to irrigation
at 0.25 (0.0948 g/dm 2/day), but was on par with 0.50 (0.1075
g/dm 2/day) and 0.75 (0.1135 g/g/day) IW/CPE ratio

Method of irrigation : Statistically significant variations
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in net assimilation rate were recorded, at all the growth

stages, during both the years.

During 1984, between 21 to 40 DAE, it was significantly
higher  (0.1457 g/dm 2/day) with one emitter per two plants
under drip irrigation, as compared to 2.5 cm depth (0.1301

g/dm 2/day) and 5.0 cm depth under furrow irrigation (0.1260
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g/dm z/day). but was on par with one emitter per plant under
drip irrigation (0.1378 g/dm 2/day). Similar trend was
observed between 41 to 60 DAE and 61 to 80 DAE.

During 1985, between 21 to 40 DAE, net aséimilation
rate was significantly higher (0.1456 g/dmz/day) with one
emitter per two plants under drip irrigation, as compared to
2.5 cm depth (0.1235 g/dmz/day) and 5.0 c¢m depth wunder
furrow irrigation (0.1230 g/dmz/day). but was on par with
one emitter per plant under drip irrigation (0.1394 dm.
Similar trend was observed between 41 to 60 DAE. Betwéen 61
to 80 DAE, drip irrigation with one emitter per two plants
recorded significantly higher (0.5685 g/dmz/day) net assimi-
lation rate, as compared to 2.5 cm depth (0.3952 g/dmz/day)
and 5.0 cm depth (0.3755 g/dmz/day) under furrow irrigation,
but was on par with one emitter per plant wunder drip
irrigation (0.5279 g/dmz/day) .The differences between one
emitter per plant under drip irrigétion and 2.5 cm depth

under furrow irrigation was also statistically significant.

4.2.1.11 Crop growth rate

The data on crop growth rate of watermelon, as
influenced by IW/CPE ratic and method of irrigation at
different stages, are presented in Table 4.40.

IW/CPE ratio : Crop growth rate increased with increase bin
IW/CPE ratio at all the growth stages, during both the
years. However, the variations were statistically significant

only between 21 to 40 DAE during both the years.
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During 1984, between 21 to 40 DAE, the crop growth rate
increased significantly from 0.0109 g per dm2 per day with
irrigation at 0.25 IW/CPE ratio to 0.0145 g per dm2 per day
with irrigation at 0.50 IW/CPE ratio. The differences among
0.50, 0.75 and 1.00 IW/CPE ratios were not statistically

significant.

During 1985, between 21 to 40 DAE, crop growth rate was
significantly higher with irrigation at 0.75 (0.0129
g/dm®/day) and 1.00 (0.0134 g/dm>/day) IW/CPE ratios, as
compared to irrigation at 0.25 (0.0097 g/dmz/day) and 0.50
(0.0105 g/dmz/day). The differences between irrigation at
0.25 and 0.50, as well as that between 0.75 and 1.00 IW/CPE
ratios were not statistically significant.

Method of irrigation : Statistically significant variations
in crop growth rate, were recorded at all the growth stages

during both the years.

During 1984, drip irrigation with one wemitter per
plant (0.0146 g/dm 2/ day) and one emitter per two plants
(0.0155 g/dmz/day) ‘resulted 1in significantly higher crop
growth rate, as compared to 2.5 cm (0.0117 g/dmz/day) and 5.0
cm depth (0.0106 g/dmz/day) under furrow irrigation. Similar

trend was observed between 41 to 60 DAE. Between 61 to 80
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DAE, the crop growth rate was significantly higher (0.2216
g/dmz/day) with one emitter per two plants under drip
irrigation, as compared to 2.5 cm (0.1643 g/dmz/day} and 5.0
cm (0.1603 g/dmz/day). depth under furrow irrigation and also
with one emitter per plant under idrip irrigation (0.1800

g/dm’/day) .

During 1985, between 21 to 40 DAE, the crbp growth fate
was significantly higher wunder drip irrigation with one
eﬁitter per plant (0.0130 g/dmz/day) and one emitter per two
plants (0.0142 g/dmz/day), as compared to 2.5 cm (0.0104
g/dmz/day] and 5.0 cm (0.0093 g/dmz/day] depth, under furrow
irrigation. The variations between two drip irrigation or
two furrow irrigation treatments were not statistically
significant. Between 41 to 60 DAE, the crop growth rate was
significantly higher with one emitter per two plants (0.0446
g/dmz/day) under drip irrigation, as compared to 5.0 cm depth
(0.0270 g/dmz/day) under furrow irigation. The difference
between one emitter per plant (0.0355 g/dmz/day) and one
emitter per two plants wunder drip irrigation were not
statistically significant. Between 61 to 80 DAE, similar

trend was observed.

4.2.2 Yield and yield components
The data on fruit yield, fruit number per ha and fruit
weight, as influenced by IW/CPE ratio and method of

irrigation are presented in Table 4.41.
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4.2.2.1 Fruit yield

IW/CPE ratio : Irrigation at higher IW/CPE ratios’
increased the fruit yield of watermelon during both the
years. However, the differences were statistically

significant only during 1985.

During 1984, the fruit yield increased from 290.8 g per
ha with irrigation at 0.25 IW/CPE ratio to 327.4, 333.65
and 337.68 q per ha with irrigation at 0.50, 0.75 and 1.00

IW/CPE ratios, respectively.

During 1985, the fruit yield was significantly higherb
(310.14 q/ha) with irrigation at 1.00 IW/CPE ratio,  as
compared to irrigation at 0.25% IW/CPE rat{o (252.29 q/hé].
but was on par with irrigation at 0.50 (281.94 q/ha) and

0.75 (295.15 g/ha) IW/CPE ratios.

Method of irrigation : Drip irrigation with one emitter
per plant and one emitter per two plants recorded higher
yields, as compared to 2.5 cm and 5.0 cm depth under furrow

irrigation, in both the years.

During 1984, fruit yield under drip irrigation with
one emitter per two plants was significantly higher (367.54
q/ha), as compared to 2.5 cm (300.32 g/ha) and 5.0 cm (268.98
gq/ha) depth, under furrow irrigation, but was on par with one

emitter per plant under drip irrigation (352.73 g/ha).
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During 1985, fruit yield was significantly lower
(227.08 qg/ha) with 5.0 cm depth under furrow irrigation, as
compared to 2.5 cm depth under furrow irrigation (282.31
g/ha), one emitter per plant (309.73 g/ha) and one emitter
per two plants under drip irrigation (313.96 q/ha), which

were on par.

The interaction effect of IW/CPE ratio and method of

irrigation were statistically significant during 1985 (Table

4.42)

Fruit yield was.significantly higher, with one emitter
per two plants under drip irrigation, at 0.25 IW/CPE ratio
as compared to 5.0 cm depth under furrow irrigation, at all

the IW/CPE ratios and 2.5 cm depth under furrow irrigation
with 0.25 IW/CPE ratio as well as 0.75 IW/CPE ratio under

furrow irrigation with one emitter per two plants.

4.2.2.2 Number of fruits per ha

IW/CPE ratio : Number of fruits per ha increased with the
increase in IW/CPE ratio and was highest with irrigation at
1.00 IW/CPE ratio. However, the differences were not

statistically significant.

Method of irrigation‘ : Statisticaily significant variations
in number of fruits were recorded due to method of irrigation
only during 1984. Number of fruits per ha was significanfly
higher (11,979) with one emitter per two plants under drip
irrigation, as compared to 5.0 cm depth under furrow

irrigation {9,750), but was on par with 2.5 cm depth
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(10,514) under furrow irrigation and with one emitter per

plant under drip irrigation (11,169).

4.2.2.3 Fruit weight
IW/CPE ratio : The fruit weight gradually increased with
increase in IW/CPE ratio, during both the years. However,

the differences were not statistically significant.
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Method of irrigation : Fruit weight was more under drip

irrigation, as compared to furrow irrigation. However, the

differences were not statistically significant.

4.2.3 Fruit and Seed characters

The data on flesh thickness, rind thickness, fruit shape
index, seed number per fruit, seed weight per fruit and

hundred seed weight are presented in Table 4.43.

4.2.3.1 Flesh Thickness

IW/CPE ratio : Flesh thickness increased with the increase
in IW/CPE ratio. However, the variations were
statistically significant only during 1985. Flesh thickness

was significantly higher (8.83 cm) with irrigation at 1.00
IW/CPE ratio, as compared to irrigation at 0.25 IW/CPE
ratio (7.9 cm), but was on par with irrigation at 0.50 (7.93

cm) and 0.75 (8.19 cm) IW/CPE ratios.

Method of irrigation : Flesh thickness was more under drip
irrigation, as compared to furrow irrigation. However, the

differences were not statistically Significant.
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4.2.3.2 Rind Thickness

IW/CPE ratio : Rind thickness decreascd with the increasec
in IW/CPE ratio. However, the wvariations were not
statistically significant.

Method of irrigation : The differences in rind thickness
due to method of irrigation were not statistically

significant during both the years.

4.2.3.3 Fruit Shape index

IW/CPE ratio : Fruit shape index was higher under higher
IW/CPE ratio, as compared to lower IW/CPE ratio, but ihe
variations were not statistically significant.

Me thod of irrigation : Statistically significant
differences due to method ﬁf irrigation were not recorded in

both the years.

4.2.3.4 Seed number per fruit

IW/CPE ratio: Seed number per fruit increased with -the
increase in IW/CPE ratio, but the wvariations were not
statistically significant in both the years.

Me thod of irrigation : Statistically significant
differences due to method of irrigation were recorded during
both the years.

During 1984, drip irrigation with one emitter per
plant recorded significantly higher (429) seed number, as
compared to 2.5 cm (239) and 5.0 cm (230) depths, wunder
furrow irrigation, but was on par with one emitter per two
plants (409), wunder drip irrigation. Similar trend was

observed during 1985,
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4.2.3.5 Seed weight per fruit

IW/CPE ratio: Seed weight per fruit increased
significantly, with increase in IW/CPE ratio during both the

years.

During 1984, seed weight was significantly higher
(19.1 g) with irrigation at 1.00 IW/CPE ratio, as compared
to irrigation at 0.25 (11.2 g) and 0.50 (12.1 g) IW/CPE
ratios, but was on par with 0.75 (15.8 g) IW/CPE ratio.
Similar trend was observed during 1985. |
Method of irrigation : Seed weight was statistically
significant due to method of irrigation. Drip irrigation

recorded higher seed weight during both the years.

During 1984, drip irrigation with one emitter per
plant recorded significantly higher (18.9 g) seed weight, as
compared to 2.5 cm (11.1 g) and 5.0 cm (10.7 g) depths, under
furrow irrigation, but was on par with one emitter per two

plants under drip irrigation (17.6 g).

During 1985, drip irrigation with one emitter ﬁer
plant recorded significantly higher seed weight (14.4 g) as
compared to 2.5 cm (9.1 g) and 5.0 cm depth (9.5 g) under
furrow irrigaltion, but was on par wilh one emitter per two
plants, under drip irrigation (12.7 g). The variation in
seed weight between one emitter per two plants wunder drip
irrigation and 2.5 cm depth under furrow irrigation was not

statistically significant.
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4.2.3.6 Hundred seed weight

IW/CPE ratio % Hundred seed weight increased with increase
in IW/CPE ratio, but the differences were statistically
significant during 1984. Hundred seed weight was

significantly lower (4.3) with irrigation at 0.25 IW/CPE
ratio as compared to irrigation at 1.00 IW/CPE ratio (5.1),
but was on par with irrigation at 0.50 (4.4) and 0.75 (4.8)

IW/CPE ratios.

Method of irrigation : The variations in hundred seed
weight, as influenced by method of irrigation were not

statistically significant during both the years.

4.2.4 Fruit quality

The data on total soluble solids, reducing sugars, total
sugars and nitrate-nitrogen in fruit juice, as influenced by
IW/CPE ratio and method of irrigation are presented in

Table 4.44.

4.2.4.1 Total soluble solids

IW/CPE ratio The total soluble solids increased
marginally with increase in the IW/CPE ratio, during both the
years. However, the wvariations were not statistically

significant.

Method of irrigation : The variations in total soluble
solids, as influenced by method of irrigation were not

statistically significant, during both the years.
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4.2.4.2 Reducing sugars
IW/CPE ratio: Reducing sugar percentage increased, with the
increase in IW/CPE ratio, 1in both years. However, the

differences were statistically significant only during 1984;
Reducing sugar was significantly higher (2.30%) with
irrigation at 1.00 IW/CPE ratio as compared to irrigdtion
at 0.25 IW/CPE ratio (1.59%), but was on par with 0.50

(1.79%) and 0.75 (1.98%) IW/CPE ratios.

4.2.4.3 Total sugars

IW/CPE ratio : Statistically significant variations in

total sugars were recorded during both the years.

During 1984, the total sugar was significantly higher
(3.69%) with irrigation at 1.00 IW/CPE rétio as compared to
irrigation at 0.25 (2.27%) and 0.50 (2.67%) IW/CPE ratios,

but was on par with irrigation at 0.75 (2.85%) IW/CPE ratio.

During 1985, the total sugar was significantly higher
with irrigation at 1.00 IW/CPE ratio (3.25%), as compared to
irrigation at 0.25 (2.10%) and 0.50 (2.48%) IW/CPE ratios.
The variation between irrigation at 0.50 and 0.75 IW/CPE
ratios, was also statistically significant.

Me thod of irrigation : Statistically significant
differences were not recorded due to method of irrigation,

during both the years.
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4.2.4.4 Nitrate - nitrogen
IW/CPE ratio: Nitrate - nitrogen content increased with
increase in IW/CPE ratio. However, the differences were not

statistically significant.
Method of irrigation : Statistically significant
differences in nitrate - nitrogen were recorded due to method

of irrigation, during both the years.

4.2.5 Plant Water Studies

4.2.5.1 Relative Water Content

The data on relative water content of watermelon
as influenced by IW/CPE ratio and method of irrigation are

presented in Fig.4.4.

At 0.25 IW/CPE ratio: The fluctuations in relative water
content wunder drip irrigation was less and it wvaried from
94.7 per cent to 94.1 per cent with one emitter per plant and

from 94.6 per cent to 94.3 per cent with one emitter per two

plants, throughout the growth of the crop. In case of furrow
irrigation with 2.5 cm depth, it decreased from 94.2 per
cent to 87.8 per cent, from 1 to 17 days after irrigation

and with 5.0 cm depth, from 94.7 per cent to 86.8 per cent,
from 1 to 34 days after irrigation. Thus, the relative
water content under drip irrigation was higher by 4.7 per
cent at 8 days and 6.8 per cent at 17 days after idirrigation
with 2.5 cm depth and by 4.3 per cent at 8 days and 7.8‘ per
cent at 34 days after irrigation with 5.0 cm depth, under

furrow irrigation.
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At 0.50 IW/CPE ratio: The relative water content under drip
irrigation with one emitter per plant, varied from 94.2 per

cent to 94.8 per cent and it varied from 94.0 per cent to

94.6 per cent with one emitter per two plants. Under furrow
irrigation with 2.5 cm depth, the relative water content
decreased from 94.6 per cent to Y90.3 per cent, from 1 to 7

days after irrigation and from 94.8 per cent to 87.3 per
cent, from 1 to 16 days éfter irrigation with 5.0 cm depth.
Thus, furrow irrigation with 2.5 cm depth recorded 2.4 per
cent to 4.2 per cent lower relative water content at 4 and 7
days after irrigation, as compared to drip irrigation. In
case of 5.0 cm depth relative water content was lower by 2.3
per cent to 7.5 per cent at 4 days and 16 days after

irrigation, as compared to drip irrigation.

At 0.75 IW/CPE ratio: The relative water content under drip
irrigation with one emitter per plant, varied from 95.9 per
cent to 95.1 per cent and it varied from 94.8 per cent to
95.4 per cent with one emitter per two plants. Under furrow
irrigation, with 2.5 cm depth, the relative water content
decreased from 95.6 per cent to 90.3 per cent from 1 to 6
days after irrigation and from 94.8 per cent to 90.1 per
cent from 1 to 9 days after irrigation. Thus, furrow
irrigation with 2.5 cm recorded 2.7 per cent to 4.1 per cent
lower relative water content atv 3 and 6 days after
irrigation, as compared to drip irrigation and from 2.9 per
cent to 5.6 per cent, from 3 to 9 days after irrigation with

5.0 cm depth, as compared to drip irrigation.
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At 1.00 IW/CPE ratio : The relative water content under drip
irrigation wilh onc cmitter per plant, wvaried Irom 94.8 per
cent to 95.3 per cent and it varied from 94.:6 per cent to
94.1 per cent, with one emitter per two plants. In case of
furrow irrigation with 2.5 cm depth, the relative water

content decreased from 94.6 per cent to 91.4 per cent, from 1

to 4 days after irrigation and from 94.8 per cent to 90.2

per cent, from 1 to 8 days after irrigation with 5.0 c¢m
depth. Thus, furrow irrigation with 2.5 cm depth recorded
2.6 per cent to 3.8 per cent lower relative water content at
3 and 4 days after irrigation, as compared to drip
irrigation and from 1.8 per cent to 5.2 per cent lower
relative water content at 3 and 8 days after irrigation, as

compared to drip irrigation.

4.2.5.2 Osmotic potential

The data on Osmotic potential of watermelon, as
influenced by IW/CPE ratio and method of irrigation are

presented in Fig 4.5

At 0.25 IW/CPE ratio: The osmotic potential wunder drip
irrigation with one emitter per plant, varied from -4.2 bar
to -2.9 bar and from -4.6 bar to —3.1.bar with one emitter
per two plants. In case of furrow irrigation with 2.5 cm
depth, the osmotic potential increased from -4.6 bar to -14.2
bar, from 1 to 17 days after irrigation and in case of 5.0
cm depth, it increased from -4.8 bar to -15.4 bar from 1 to

34 days after furrow irrigation. Thus, the osmotic potential
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increased by -6.2 bar at 8 days to -9.6 bar at 17 days with
2.5 cm depth and from -8.5 bar to -11.4 bar with 5.0 cm depth

under furrow irrigation, as compared to drip irrigation.

At 0.50 1IW/CPE ratio: The osmotic potential under drip
irrigation varied from -4.2 bar to -2.8 bar with onc ecmilter
per plant and from -5.1 to -2.2 bar with one emitter per two
plants. In case of furrow irrigation with 2.5 c¢m depth
osmotic potential increased from -4.6 bar to -17.1 bar from 1
to 17 days after irrigation with 5.0 c¢m depth, from -5.4 bar
to -18.6 bar from 1 to 20 days after irrigation. Thus, the
osmotic potential was higher by -7.8 bar at 6 days to -11.5
bar at 17 days after irrigation with 2.5 cm depth and by -
8.2 bar at 6 days to -12.3 bar at 20 days after irrigation,

as compared to drip irrigation.

At 0.75 1IW/CPE ratio: The osmotic potential under drip
irrigation with one emitter per plant varied from -4.1 bar to
-3.8 bar and from -3.8 bar to -4.1 bar, with one emitter per
two plants. In case of furrow irrigation with 2.5 cm
depth, the osmotic potential increased from -4.1 to -12.1 bar
from 1 to 7 days after irrigation and with 5.0 cm depth,
osmotic potential increased from -4.5 bar to -15.2 bar from 1
to 16 days after irrigatioﬁ. Thus, the osmotic potential
with 2.5 cm depth increased by -3.6 bar at 4 days to -8.3 bar
at 8 days after irrigation and from -4.6 bar at 4 days to -
10.1 bar at 16 days after irrigation with 5.0 cm depth,

under furrow irrigation, as compared to drip irrigation.
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At 1.00 IW/CPE ratio: The Osmotic potential wunder drip
irrigation with onc emitter per plant, varied from -3.2 bar
to 4.2 bar and from -2.7 bar te -6.1 bar with one emitter
per two plants. In case of furrow irrigation with 2.5 cm
depth, the osmotic potential increased from -4.6 bar af_ 2
days to -15.0 bar at 8 days and from -5.1 bar at 2 days to -~
15.8 bar at 12 days after irrigation. Thus, the osmotic
potential with 2.5 c¢m depth under furrow irrigafion.
increased from -5.6 bar at 5 days to -10.2 bar at 6 days
after irrigation and from -6.2 bar at 5 days to -11.6 bar

at 12 days after irrigation.

4.2.6 Canopy temperature and root studies:

4.2.6.1 Canopy temperature : The data on canopy temperature

as influenced by IW/CPE ratio and method of irrigation are

presented in IFig. 4.6.

At 0.25 IW/CPE ratio: The variation in canopy temperature
was less under drip irrigation which varied from 23.1% to
24.7°c with one emitter pér plant and from 24.8% to 25.3%
with one emitter per +two plants. Whereas, the canopy
temperature increased from 22.3% 1030.2% from 1 to 15 days
after irrigation wunder furrow irrigation with 2.5 cm depth
and from 22.7% to 32.6% from 1 to 27 days after dirrigation
with 5.0 c¢m depth. Thus, the canopy temperature was loﬁer
under drip irrigation with one emitter per plant by 2.3% at

7 days to 4.8% at 15 days after irrigation as compared to

2.5 cm depth under furrow irrigation and by 2.6% at 7 days
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to 5.900 at 25 days, as compared to 5.0 cm depth under furrow

irrigation.

At -0.50 IW/CPE ratio: The Cénopy temperature variation under
drip irrigation with one emitter per plant was from 22.3% to
25.0% and with one emitter per two plants was from 22.5% tb
25.2%. The canopy temperature increased under furrow
irrigation with 2.5 cm depth from 21.7% to 26.8% from 1 to
8 days after irrigation and from 22.7% to 29.800 from 1 to
16 days after irrigation with 5.0 cm depth under furrow
irrigation. Thus, furrow irrigation with 5.0 cm depth
recorded 2.1% and 4.8% higher canopy temperaturc at 8 and
16 days after irrigation, as compared to drip irrigation

with one emitter per plant.

At 0.75 1IW/CPE ratio: The variations in temperature under
drip irrigation with one emitter per plant, were from 23.8"%¢
to 25.1%. Furrow irrigation with 2.5 cm recorded higher
canopy temperature (22.6% to 27.5% from 1 to 5 days after
irrigation) and with 5.0 cm depth, the canopy temperature
increased from 22.5°¢ to 28.8% from 1 to 8 days after
irrigation. Thus, canopy temperafure with 5.0 cm depth
under furrow irrigation resulted in 2.1% to 4.6% higher
canopy temperatures as compared to irrigation with one
cmitter per plant.

At 1.00 IW/CPE ratio: The canopy temperature under drip
irrigation with one emitter per plant varied from 22.0% to

24.2% and from 23.6% to 24.3% with one emitter per two



plants. The canopy temperature under furrow irrigation with
2.5 cm depth increased from 22.300 to 27.2% from 1 to 7
days after irrigation and from 22.6% to 30.1% from 1 to 11
days after irrigation, with 5.0 cm depth. Thus, furrow
irrigation with 2.5 cm depth recorded 1.3% to 3.8% higher
canopy temperature at 3 and 7 days after irrigation, as
compared to drip irrigation with one emitter per plant and
with 5.0 om depth wunder drip irrigation, the canopy
temperature was higher by 3.8%c to 5.8% at 5 and 11 days
after irrigation, as compared to drip irrigation with one

emitter per plant.

Root studies The data on tap root length, number of

secondary roots and dry weight of roots are presented in

Table 4.45.
4.2.6.2 Tap root length:

IW/CPE ratio : Root length increased significantly with
increase in IW/CPE ratio, during both the years.

During 1984, the root length was significantly higher
(57.1 cm) with irrigation at 1.00 IW/CPE ratio, as Comparéd
to irrigation at 0.25 (45.1 cm ) and 0.50 (50.9 cm) IW/CPE
ratios, but was on par with irrigation at 0.75 IW/CPE ratio
(56.4 cm). During 1985, the root length was significantly
higher (46.8 cm) as compared to irrigation at 0.25 (32.8 cm)
and 0.50 (34.4 cm) IW/CPE ratios, but was on par wifh

irrigation at 0.75 IW/CPE ratio (42.7 cm),

Method of irrigation : Root length was more under furrow
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irrigation, as compared to drip irrigation. During 1984, tap
“root length was significantly higher with 2.5 cm (58.5 cm)
and 5.0 <cm (59.6 cm ) depths, wunder furrow irrigation as

compared to one emitter per plant (45.8 cm) and one emitter
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per two plants (45.5 <c¢cm) wunder drip irrigation. The

variations within drip and within furrow irrigation
treatments were not statistically significant. Similar trend
was observed during 1985. .
IW/CPE ratio : The number of secondary roots was more under
furrow irrigation, as compared to drip irrigation. During
1984, the number of secondary roots was significantly higher
(8.2) with irrigation at 1.00 IW/CPE ratio, as compared to
irrigation at 0.25 (6.4) and 0.50 (6.7) IW/CPE ratios, but
was on par with irrigation at 0.75 (7.80 IW/CPE ratio. During
1985, number of secondary roots was significantly lower (6.5)
with irrigation at 0.25 IW/CPE ratio, .as compared to
irrigation at 1.00 IW/CPE ratio (7.7 ) but was on par with
irrigation at 0.50 (6.6) and 0.75 {7.2) IW/CPE ratios.

Method of irrigation : During 1984, the number of secondary
roots was significantly higher (9.9) with 5.0 cm depth under
furrow irrigation, as compared to one emitter per plant
(7.0), one emitter per two plants (6.8) under drip irrigation
and 2.5 cm depth (7.8) under furrow irrigation which were on
par. During 1985, the number of secondary roots was
significantly lower (6.4) with one emitter per two plants
under drip irrigation, as compared to 2.5 cm {(7.6) and 5.0 cm
(8.9) depths under furrow irrigation, but was on par with one

emitter per plant (6.6) under drip irrigation.



Dry weight of roots:

iW/CPE ratio : During 1984, dry weight of roots was
significantly 1lower (3.49 g/plant ) with irrigation at 0.25

IW/CPE ratio, as compared to irrigation at 0.75 (3.23
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g/plant) and 1.00 (5.09 g/plant) IW/CPE ratio, but was on par -

with irrigation at 0.25 (3.54 g/plant ) IW/CPE ratio. During
1985, dry weight of roots was significantly higher (4.86
g/plant) with irrigation at 1.00 IW/CPE ratio, as compared to
irrigation at 0.25 (3.26 g/plant), 0.50 (4.02 g/plant) and
0.75 (4.18 g/plant ) IW/CPE ratios. The differences in dry
weight of roots with irrigation at 0.25 and 0.50 IW/CPE ratio
were statistically significant. Irrigation at 0.50 and 0.75

IW/CPE ratios were on par.

Method of irrigation : During 1984, furrow irrigation with
2.5 cm depth recorded significantly higher dry weight (4.46
g/plant), as compared to one emitter per plant (3.83 g/plant)

and one emitter per two plants (3.82 g/plant) under drip

irrigation, but was on par with 5.0 cm depth under furrow
irrigation (4.25 g/plant). Similar trend was observed during
1985.

4.2.7 Nutrient content and uptake studies

4.2.7.1 Nitrogen content

The data on nitrogen content at different stages of
growth, as infuenced by IW/CPE ratio and method of irrigation

"are presented in Table 4.46.
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IW/CPE ratio : Nitrogen content incrcased with increase in

IW/CPE ratios at all the stages during both the years.
However, the differences were statistically significant only
at 40 and at 80 DAE, in fruit, during both the years.

During 1984, at 40 DAE, nitrogen content in plant was
significantly higher (4.63 % ) with irrigation at 1.00
IW/CPE ratio, as compared to irrigation.at 0.25 (3.45 %),
0.50 (4.00 %) and 0.75 (4.29% ) IW/CPE ratios. At 80 DAE, the
nitrogen content in fruit was significantly lower (1.57 %),
with irrigation at 0.25 1IW/CPE ratio, as compéred to
irrigation at 1.00 (2.04 %) IW/CPE ratio, but was on par

with 0.50 (1.68 % ) and 0.75 (1.76%) IW/CPE ratio

During 1985, at 40 DAE, nitrogen content in plant was
significantly higher (4.25%) with irrigation at 1.00 IW/CPE
ratio, as compared to irrigation at 0.25 (3.33%), 0.50
(3.82%) and 0.75 (3.99%) IW/CPE ratios. At 80 DAE, in fruit
the nitrogen content was significantly lower (1.35%) with
irrigation at 0.25 IW/CPE ratio, as compared to irrigation at
1.00 (1.78%) IW/CPE ratio, but was on par with irrigation at

0.25 (1.38%) and 0.75 (1.50%) IW/CPE ratios.

Method of irrigation : Statistically significant variations
in nitrogen content were recorded at all the stages, except
at 60 DAE in 1984 and 80 DAE in shoot in 1985.

During 1984, at 40 DAE, the nitrogen content in plant
was significantly lower (3.84%) with 5.0 c¢m depth under
furrow irrigation, as combared to 2.5 cm depth (4.01%) under

furrow irrigation, one emitter per plant (4.16%) and one



emitter per two plants (4.36%) wunder drip irrigation. At 80
DAE, the nitrogen content in shoot was significantly lower
(1.36%) with 5.0 ocm depth wunder furrow irrigation, as
compared to one emitter per plant (1.66%) and one emitter per
twd plants (1.69 %) under drip irrigation, but was on par
with 2.5 cm depth (1.46 % ) under furrow _irrigation. The

nitrogen content in fruit was significantly lower (1.45 %

=

)
with 5.0 cm depth under furrow irrigation, as compared to 2.5
cm depth (1.88 %) under furrow irrigation and one emifter
per plant (1.72 %) and one emitter per two plants (2.01 %)

under drip irrigation.

During 1985, at 40 DAE in plant, furrow irrigation with
5.0 cm depth recorded significantly lower (3.71 %) nitrogen
content, as compared to drip irrigation with one emitter
per plant (4.04 %), but was on par with one emitter per two
plants (3.94 %) and 2.5 cm depth under furrow irrigation
(3.73 %). At 60 DAE in plant, furrow irrigation with 5.0 cm
depth recorded significantly lower (2.53 %) nitrogen content,
as compared to one emitter per plant (2.74 %) and one emitter
per two plants (2.84 %) under drip irrigation, but was on par
with 2.5 cm depth (2.55 %) under furrow irrigation. At 80
DAE, nitrogen content in fruit was significantly lower
(1.20%) with 5.0 c¢m depth wunder furrow irrigation, as

compared to 2.5 cm depth (1.45 %) under furrow irrigation,
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one emitter per plant (1.61%) and one emitter per two plants_

(1.75 %) under drip irrigation.
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4.2.7.2 Nitrogen uptake

The data on nitrogen uptake, as influenced by IW/CPE

ratio and method of irrigation are presented in Table 4.47.

IW/CPE ratio : Nitrogen uptake increased with thé increase
in IW/CPE ratio, at all the stages, however, the variations
were statistically significant at 40 DAE in both the years,
at 80 DAE, in fruit in both the years and a{ 60 DAE in 1985.

During 1984, at 40 DAE, nitrogen uptake in plant ‘'was
significantly lower (9.18 kg/ha) with irrigation at 0.25
IW/CPE ratio, as compared to irrigation at 1.00 IW/CPE ratio
(13.75 kg/ha}, but was on par with irrigation at 0.50 (10.24
kg/ha) and 0.75 (10.65 kg/ha) IW/CPE ratios. At 80 DAE the
uptake in fruit was significantly lower (31.55 Kkg/ha), as
compared to irrigation at 0.75 (38.84 kg/ ha) and 1.00 (43.84
kg/ha) IW/CPE ratios, but was on par with irrigation at 0.50
(33.51 kg/ha) IW/CPE ratio.

During 1985, at 40 DAE, nitrogen uptake in plant was
significantly lower (7.80 kg/ha) with irrigation at 0.25
IW/CPE ratio, as compared to irrigation at 1.00 (11.04
kg/ha) IW/CPE ratio, but, was on par with irrigation - at
0.50 (8.77 kg/ha) and 0.75 (8.96 kg/ha) IW/CPE ratios. At
60 DAE in plant and at 80 DAE in fruit, similar trend was
observed.

Method of irrigation : Statistically significant variations
in nitrogen uptake were observed at all the stages, except at
80 DAE in shoot and total in both the years and at 60 DAE in

plant, during 1985.
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During 1984, at 40 DAE in plant, furrow irrigation with
2.5 c¢m depth recorded significantly lower (9.51 kg/ha)
nitrogen uptake, as compared to one emitter per plant(12.37
kg/ha) and one emitter per two plants (12.60 kg/ha) under
drip irrigation, but was on par with 5.0 cm depth under
furrow irrigation (9.53 kg/ha). At 60 DAE in plant, furrow
irrigation with 5.0 cm depth recorded significantly lower
(28.56 kg/ha) nitrogen uptake, as compared to one emitter
per two plants under drip irrigation (40.70 kg/ha), but was
on par with one emitter per plant (36.79 kg/ha) under drip
irrigation and 2.5 cm depth (35.22 kg/ha) under furrow
irrigation. At 80 DAE, the nitrogen uptake in fruit was
significantly lower (31.11 kg/ha) with 5.0 cm depth under
furrow irrigation, as compared to one emitter per plant
(39.57 kg/ha) and one emitter per two plants (44.84 kg/ha)
under drip irrigation, but was on par with 2.5 c¢m depth
(33.43 kg/ha) under furrow irrigation.

During 1985, at 40 DAE in plant, furrow irrigation with
5.0 cm depth recorded significantly lower (7.68 kg/ha)
nitrogen uptake, as compared to one emitter per plant(10.15
kg/ha) and one emitter per two plants (10.77 kg/ha) under
drip irrigation, but was on par with 2.5 c¢m depth wunder
furrow irrigation (7.96 kg/ha). At 80 DAE in fruit, similar
trend was observed.

4.2.7.3 Phosphorus content

The data on phosphorus content, as influenced by IW/CPE

ratio and method of irrigation are presented in Table 4.48.
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IW/CPE ratio : Statistically significant wvariations in
phosphorus content were observed at all the stages, as
influenced by IW/CPE ratio, except at 60 DAE, 1in both the
years and at 80 DAE in fruit, during 1985.

During 1984, at 40 DAE, phosphorus content in plant was
significantly lower (0.58%) with irrigation at 0.25 IW/CPE
ratio, as compared to irrigation at 1.00 (0.64%) IW/CPE
ratio, but was on par with irrigation at 0.50 (0.59%) and
0.75 (0.61%) IW/CPE ratios. At 80 DAE 1in shoot, similar
trend was observed. At this stage, 1in fruit, the phosphorus
content was significantly lower (0.37%) with irrigation at
0.25 IW/CPE ratio, as compared to irrigation at 0.75 (0.47%)
and 1.00 (0.49%) 1IW/CPE ratios, but was on par with

irrigation at 0.50 (0.42%) IW/CPE ratio.

During 1985, at 40 DAE, phosphorus content in plant was
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significantly lower (0.52%) with irrigation at 0.25 and 0.50

IW/CPE ratios, as compared to irrigation at 1.00 (0.58%)
IW/CPE ratio, but was on par with irrigation at 0.75 (0.55%)
IW/CPE ratio. At 80 DAE, the phosphorus content in shoot was
significantly lower (0.11%), with irrigation at 0.25 IW/CPE
ratio, as compared to irrigation at 1.06 (0.15%) IW/CPE ratio

but was on par with irrigation at 0.50 (0.13%) and 0.75

{0.14%) IW/CPE ratios. Similar trend was observed in fruit.
Method of irrigation : Statistically significant variations
were observed, as influenced by method of irrigation at

all the stages, except at 60 DAE, in both the years.
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During 1984, at 40 DAE in plant, furrow irrigation with

=4

5.0 cm depth recorded significantly lower {0.53%)
phosphorus content, as compared to 2.5 cm depth (0.60%) under
furrow irrigation, one emitter per plant (0.64) and one
emitter per two plants (0.66%) under furrow irrigation.

At 80 DAE, the phosphorus content in shoot was
significantly lower with 2.5 cm (0.13%) and 5.0 cm (0.13%)
depths wunder furrow irrigation, as compared to one emitter
per plant (0.17%) and one emitter per two plants (0.17%)
under drip irrigation. At this stage, the phosphorus content
in fruit was significantly lower (0.38%) with 5.0 cm depth
under furrow irrigation, as compared to one emitter per two
plants (0.52%) under drip irrigation, but was on par with one
emitter per plant (0.44%) and 2.5 cm depth (0.41%) under
furrow irrigation.

During 1985, at 40 DAE, phosphorus content in plant was
significantly lower (0.48%) with 5.0 cm depth wunder furrow
irrigation, as compared to 2.5 cm depth (0.53%) under furrow-
irrigation, one emitter per plant (0.56%) and one emitter per
two plants (0.59%) under drip irrigation. At 80 DAE in shoot,

the phosphorus content was significantly lower (0.11%) with

5.0 c¢m depth under furrow irrigation, as compared to one
emitter per plant (0.14%) and one emitter per two plants
(0.16%) wunder drip irrigation, but was on par with 2.5 cm

depth (0.12%) under furrow irrigation. Similar trend was

observed in fruit phosphorus content.
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4.2.7.4 Phosphorus uptake :

The data on phosphorus uptake, as influenced by
IW/CPE ratio and method of irrigation are presented in
Table 4.49.

IW/CPE ratio : Statistically significant differences in
phosphorus uptake, as influenced by IW/CPE ratios wére
recorded at all the stages, except at 60 DAE, in both the
years and at 80 DAE in shoot in 1984 and in shoot and total
uptake at 80 DAE during 1985.

During 1984, at 40 DAE, phosphorus uptake 1in plant was
significantly lower (1.39 kg/ha) with irrigation at 0.25
IW/CPE ratio, as compared to irrigation at 0.75 (1.73 kg/ha)
and 1.00 (1.88 kg/ha) IW/CPE ratios, but was on par with
irrigation at 0.50 (1.48 kg/ha) IW/CPE ratio. At 80 DAE, the
total phosphorus uptake was significantly lower (11.24 kg/ha)
with irrigation at 0.25 IW/CPE ratio as compared to
irrigation at 1.00 (15.69 kg/ha) IW/CPE ratio, but was on
par with irrigation at 0.50 (12.12 kg/ha) and 0.75 (14.19
kg/ha) IW/CPE ratios. Similar trend was observed in fruit.
During 1985, at 40 DAE, phosphorus uptake in plant .was
significantly lower (1.12 kg/ha) with irrigation at 0.25
IW/CPE ratio, as compared to irrigation at 0.75 (1.35 kg/ha)
and 1.00 (1.44 kg/ha ) IW/CPE rafio,s but was on par with
irrigation at 0.50 (1.19 kg/ha) IW/CPE ratio. At 80 DAE, the
phosphorus wuptake in fruit was significantly lower (4.89
kg/ha) with irrigation at 0.25 IW/CPE ratio, as compared to

irrigation at 1.00 (7.13 kg/ha) IW/CPE ratio, but was on par
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with irrigation at 0.50 (5.07 kg/ha) and 0.75 (6.05 Kkg/ha)

IW/CPE ratios.

Method of irrigation : Statistically significant variations
in phosphorus uptake, as influenced by method of irrigation
were recorded only at 40 DAE, in both the years, in fruit and
total uptake in 1985.

During 1984, at 40 DAE, the phosphorus uptake in plant was
significantly lower (1.46 kg/ha) with 5.0 cm depth under
furrow irrigation, as compared to one emitter per plant
(1.70 kg/ha) and one emitter per two plants (1.74 kg/ha)
under drip irrigation, but was on par Qith 2.5 cm depth (1.59
kg/ha) under furrow irrigation.

During 1985, at 40 DAE, in plant, furrow irrigation with
5.0 c¢m depth recorded significantly lower (1.14 kg/ha)
phosphorus uptake, as compared to one emitter per plant (1.33
kg/ha) and one emitter per two plants (1.43 kg/ha) under drip
irrigation, but, was on par with 2.5 cm depth (1.21 kg/ha),
under furrow irrigation. At 80 DAE, the total phosphorus
was significantly lower (7.68 kg/ha) with 5.0 cm depth under
furrow irrigation, as compared to one emitter per plant
(12.99 kg/ha) under drip irrigation, but was on par with

one emitter per two plants (10.20 kg/ha), under drip

irrigation and 2.5 <c¢m depth (8.57 kg/ha) under furrow
irrigation. At this stage, the shoot phosphorus uptake was
significantly 1lower (4.69 kg/ha), with 5.0 cm depth under

furrow irrigation, as compared to one emitter per plant (6.46

kg/ha) and one ecmitter per two plénts (6.53 kg/ha) under
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drip irrigation, but was on par with 2.5 cm depth under

furrow irrigation (5.46 kg/ha).

4.2.7.5 Potassium content

The data on potassium content of watermelon, as
influenced by IW/CPE ratio, and method qf irrigation at

different stages of growth, are presented in Table 4.50.

IW/CPE ratio : Potassium Content increased with increase in

IW/CPE ratio, however, the wvariations were statistically
significant only at 80 DAE in 1984. At this stage, the shoot
potassium content was significantly lower (0.69%) with
irrigation at 0.25 IW/CPE ratio, as compared to irrigation at
1.00 IW/CPE ratio (1.00%) but, was on par with irrigation at
0.50 (0.71%) and 0.75 (0.83%) IW/CPE ratios. Similar trend

was observed in fruit potassium content.

Method of irrigation : Statistically significant differences
in potassium content were bbserved at all the stages, except
at 40 DAE in both the years.

During 1984, at 60 DAE, the potassium content in plant
was significantly lower (1.99%) with 5.0 c¢m depth, under
furrow irrigation, as compared to 2.5 cm depth (2.42%) under

furrow irrigation and one emitter per plant (2.58%) and one

emitter per two plants (2.65%) under drip irrigation. At 80
DAE, the potassium content in shoot was significantly lower
(0.53%) with 5.0 cm depth wunder furrow irrigation, as
compared to 2.5 cm depth (0.66%) under furrow irrigation

and one emitter per plant (0.91%) and one emitter per two
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plants (1.13%), wunder drip irrigation. In case of fruit,
the potassium content was significantly lower (2.84%), with
5.0 cm depth, under furrow irrigation, as compared to one
emitter per two plants (3.49%), wunder drip irrigation, but
was on par with one emitter per plant (3.24%) under drip'
irrigation and 2.5 cm depth (3.11%), under furrow irrigation.

During 1985, at 60 DAE in plant, furrow irrigation with
5.0 cm depth, recorded significantly lower potassium content
(1.99%) as compared to 2.5 cm depth (2.45%), under furrow

irrigation and one emitter per plant (2.32%) and one emitter

per two plants (2.52%), wunder drip irrigation. At 80 DAE,
the potassium content in shoot was significantly lower
(0.52%), with 5.0 cm depth, under furrow irrigation, as

compared to one emitter per plant (0.80%) and one emitter per
two plants (0.87%), wunder furrow irrigation. Similar trend

was observed in fruit potassium content.

4.2.7.6 Potassium uptake

The data on potassium wuptake of watermelon, as
influenced by IW/CPE ratio and method of irrigation at

different stages are presented in Table 4.51.

IW/CPE ratio : Potassium wuptake increased with the
increase in IW/CPE ratio. Statistically significant
variations were observed at all the stages, except at 80 DAE

in 1984 and in fruit and total uptake in 1985,

During 1984, at 40 DAE, the potassium uptake in plant

was significantly lower (5.63 kg/ha) with irrigation at 0.25
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IW/CPE ratio, as compared to irrigation at 0.75 (8.18 kg/ha)
and 1.00 (9.25 kg/ha) IW/CPL ratios, but was on par with
irrigation at 0.50 (6.21 kg/ha) IW/CPE ratio. At 60 DAE,
potassium uptake in plant was significantly lower (21.98
kg/ha) with irrigation at 0.25 IW/CPE ratio, as compared to
irrigation at 1.00 IW/CPE ratio (34.35 kg/ha), but was on
par with irrigation at 0.50 (28.20 kg/ha) and 0.75 (29.71
kg/ha) IW/CPE ratios.

During 1985, at 40 DAE, the potassium uptake in plant was
significantly lower (5.55 kg/ha) with irrigation at 0.25
IW/CPE ratio, as compared to irrigations at 0.50 f6.82
kg/ha), 0.75 (7.15 kg/ha) and 1.00 (7.44 kg/ha) IW/CPE
ratios. At 60 DAE, irrigation at 0.25 IW/CPE ratio, recorded
significantly lower (18.66 kg/ha) potassium uptake in plant,
as compared to irrigation at 0.50 (20.36 kg/ha) , 0.75 (23.18
kg/ha) and 1.00 (28.22 kg/ha) IW/CPE ratios. Similarly at 80
DAE, the potassium uptake in shoot was significantly lower
(14.03 kg/ha) with irrigation at 0.25 [IW/CPE ratio, as
compared to irrigation at 0.50 (16.04 kg/ha) , 0.75 (17.58

kg/ha) and 1.00 (19.22 kg/ha) IW/CPE ratios.

Method of irrigation : Statistically significant variations
in potassium uptake were recorded at all the stages, except
at 40 DAE in 1984. |

During 1984, at 60 DAE. furrow irrigation with 5.0 cm
depth, recorded significantly lower (22.19 kg/ha) potassium
uptake as compared to one emitter per . two plants (38.04

kg/ha) under drip irrigation, but was on par with one emitter
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per plant (27.99 kg/ha) under drip irrigation and 2.5 c¢m
depth (26.03 kg/ha) under furrow irrigation. At 80 DAE,
the total potassium uptake was significantly lower (68.42
kg/ha) with 5.0 cm depth under furrow irrigation, as compared
to one emitter per plant (88.83 kg/ha) and one emitter per
two plants (100.93 kg/ha) under drip irrigation, but, was on
par with 2.5 cm depth (85.23 kg/ha) under furrow irrigation.
At this stage in shoot, the potassium uptake was signifi-
cantly lower (15.63 kg/ha) with 5.0 cm depth under furrow
irrigation, as compared to one emitter per two plants (26.06
kg/ha) wunder drip irrigation, but, was on par with 2.5 cm
depth (18.23 kg/ha) under furrow irrigation and one emitter
per plant (21.55 kg/ha) under drip irrigation. Similar trend
was observed in fruit potassium uptake.

During 1985, at 40 DAE in plant, furrow irrigafion
with 5.0 cm depth recorded significantly lower (5.53 kg/ha)
potassium uptake, as compared to, one emitter per plant
(7.36 kg/ha) and one emitter per two plants (7.77 kg/ha),
under drip irrigation, but, was on par with 2.5 cm depth
(6.30 kg/ha) under furrow irrigation. At 60 DAE in plant,
the potassium uptake was significaﬁtly lower (16.18 kg/ha),
with 5.0 cm depth under furrow irrigation, as compared to,
one emitter per plant (26.60 kg/ha), one emitter per two
plants (27.04 kg/ha) wunder drip irrigation, but, was on par
with 2.5 cm depth (20.60 kg/ha) under furrow irrigation. At
80 DAE, the total potassium uptake was significantly lower

(54.48 kg/ha), with 5.0 cm depth under furrow irrigation, as
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compared to, one emitter per two plants under drip irrigation
(80.28 kg/ha), but, was on par with one emitter per plant

(67.11 kg/ha) under drip irrigation and 2.5 cm depth (59.89

kg/ha) under furrow irrigation. Similar trend was observed
in fruit. 1In shoot, the potassium uptake was significantly
lower (12.76 kg/ha), with 5.0 c¢cm depth under furrow
irrigation, as compared, to one emitter per plant (18.43

kg/ha) and one emitter per two plants (20.42 kg/ha) under
drip irrigation, but, was on par with 2.5 cm depth (15.25

kg/ha) under furrow irrigation.

4.2.7.7.Calcium content

The data on calcium content of watermelon, as

influenced by IW/CPE ratio and method of irrigation are
presented in Table 4.52.
IW/CPE ratio : Calcium content increased with the increase
in IW/CPE ratio, although, the variations were statistically
significant only at 60 DAE, in both the years and at 80 DAE
in shoot, during both the years.

During 1984, at 60 DAE, calcium content in plant was
significantly lower (4.10%), with irrigation at 0.25 IW/CPE
ratio, as compared to irrigation at 0.50 (5.38%), 0.75
(5.55%) and 1.00 (5.59%) IW/CPE ratios. At 80 DAE, the
calcium content in shoot was significantly lower (4.48%) With
irrigation at 0.25 IW/CPE ratio, as compared to irrigation
at 0.75 (5.14%) and 1.00 (5.24%) IW/CPE ratios, but, was on

par with irrigation at 0.50 (4.86%) IW/CPE ratio.
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During 1985, at BO DAE, calcium content in plant was
significantly lower (4.10%), with irrigation at 0.25 IW/CPE
ratio, as compared to irrigation at 0.50 (4.86%), 0.75
(5.02%) and 1.00 (5.12%) IW/CPE ratios. .At 80 DAE, the
calcium content in fruit was significantly lower (3.66%) with
irrigation at 0.25 IW/CPE ratio, as compared to irrigation
at 0.50 (4.39%), and 0.75 (4.46%) and 1.00 (4.63%) IW/CPE

ratios.

Method of irrigation : Statistically significant variations
were recorded only at 80 DAE in shoot, during both the years.

During 1984, the calcium content was significantly lower
(4.25%) with 5.0 cm depth wunder furrow irrigation, as
compared to, one emitter per plant (5.35%) and one emitter
per two plants (5.68%) under drip irrigation, but, was on

par with 2.5 cm depth (4.52%), under furrow irrigation.

During 1985, furrow irrigation with 5.0 ocm depth
recorded significantly lower (3.88%) <calcium content, as
compared to, one emitter per two plants (4.96%) under drip
irrigation, but was on par with one emitter per plant (4.19%)
under drip irrigation and 2.5 cm depth (4.12%) under furrow
irrigation.

4.2.7.8 Calcium uptake

The data on calcium wuptake of watermelon, as
influenced by IW/CPE ratio and method of irrigation are

presented in Table 4.53.
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IW/CPE ratio : Calcium wuptake increased with increase in
IW/CPE ratios at all the stages. Héwever.the variations were
statistically significant only at 40 and 60 DAE, in both the
years and at 80 DAE in shoot and total uptake during 1984.
During 1984, at 40 DAE, the calcium uptake in plant was
significantly lower (9.60 kg/ha), with irrigation at 0.25
IW/CPE ratio, as compared to, irrigation at 1.00 (24.86
kg/ha) IW/CPE ratio, but, was on par with irrigation "at
0.50 (12.01 kg /ha) and 0.75 (12.88 kg/ha) IW/CPE ratios.
At 60 DAE, calcium uptake in plant was significantly lower
(39.45 kg/ha), with irrigation at 0.25 IW/CPE ratio, as
compared to, irrigation at 0.50 (62.89 kg/ha) , 0.75 (67.56
kg/ha) and 1.00 (71.16 kg/ha) IW/CPE ratios. AT 80 DAE, the
total calcium uptake was significantly lower (105.73 kg/ha),
with irrigation at 0.25 IW/CPE ratio, as compared to,
irrigation at 1.00 (163.44 kg/ha) IW/CPE ratio, but, was on
par with irrigation at 0.50 (129.93 kg/ha) and 0.75 (139.01
kg/ha) IW/CPE ratios. Similar trend was observed in calcium

uptake in shoot.

Method of irrigation : Statistically significant wvariations
in calcium uptake, as influenced by method of irrigation were
recorded at 40 and 60 DAE, in both the years.

During 1984, at 40 DAE in plant, furrow irrigation with
5.0 cm depth (9.84 kg/ha) recorded significantly Ilower
calcium wuptake, as compared to, one emitter per two plants
(26.54 kg/ha) under drip irrigation, but, was on par with one

emitter per plant (12.00 kg/ha) under drip irrigation and 2.5
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cm depth (10.96 kg/ha) under furrow irrigation. At b0 DAL,
the calcium uptake ;n plant was significantly lower (48.38
kg/ha), with 5.0 cm depth under furrow irrigation, as
compared to one emitter per two plants (79.50 kg/ha) under
drip irrigation, but, was on par with one emitter per plant
(67.84 kg/ha) under drip irrigation and 2.5 cm depth (55.30
kg/ha) under furrow irrigation.

During 1985, at 40 DAE, the calcium uptake in plant was
significantly lower (6.83 kg/ha) with irrigation at 5.0
depth under furrow irrigation, as compared to, one emitter

per plant (9.32 kg/ha) and one emitter per two plants (9.59

kg/ha), under drip irrigation, but, was on par with and 2.5
cm depth (7.37 kg/ha) under furrow irrigation. At 60 DAE in
plant , furrow irrigation with 5.0 c¢cm depth recorded

significantly lower calcium uptake (39.13 kg/ha), as compared
to, one emitter per two plants (50.93 kg/ha) under drip
irrigation, but, was on par with 2.5 cm depth (39.48 kg/ha)
under furrow irrigation and one emitter per plant (46.46

kg/ha) under drip irrigation.

4.2.7.9 Magnesium content

The data on magnesium content of watermelon, as
influenced by IW/CPE ratio and method of irrigation are
presented in Table 4.54.

IW/CPE ratio : Statistically significant variations in
magnesium content were recorded only at 60 DAE, in both years

and at 80 DAE in shoot, in both the years.
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During 1984, at 60 DAE, the magnesium content in plant
was significantly lower (1.07%) with ir}igntion at 0.25
‘IW/CPE ratio, as compared to irrigation at 1.00 (1.22%)
IW/CPE ratio, but, was on the par with irrigation at 0.50
(1.11%) and 0.75 (1.14%) IW/CPE ratios. At 80 DAE in shoot,
the magnesium content was significantly lower (1.05%), with
irrigation at 0.25 IW/CPE ratio, as compared to, irrigation
at 0.75 (1.22%) and 1.00 (1.25%) IW/CPE ratios, but, was on

par with irrigation at 0.50 (1.17%) IW/CPE ratio.

During 1985, at 60 DAE, the magnesium content in plant
was significantly lower (1.01%), with irrigation at 0.25
IW/CPE ratio, as compared to, irrigation at 1.00 (1.20%)
IW/CPE ratio, but was on par with irrigation at 0.50
(1.05%) and 0.75 (1.07%) IW/CPE ratios. At 80 DAE, the
shoot magnesium content was significantly lower (1.00%),
with irrigation at 0.25 IW/CPE ratio, as compared 'to.
irrigation at 0.75 (1.11%) and 1.00 (1.16%) IW/CPE ratios,

but, was on par with irrigation at 0.50 (1.06%)'IW/CPE ratio.

Method of irrigation : Statistically significant variations
in magnesium content, as influenced by method of irrigation
were recorded only at 60 DAE in plant, during both the years.

During 1984, the magnesium content was significantly
lower (1.04%) with 5.0 cm depth under furrow irrigation, as
compared to, one emitter per plant. (1.17%) and one emitter
per two plants (1.21%) under drip irrigation, but, was on par

with 2.5 cm (1.12%) under furrow irrigation.
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During 1985, furrow irrigation with 5.0 <cm depth
recorded significantly lower (0.96%) magnesium content as
compared to, one emitter per plant (1.13%) and one emitter
per two plants (1.18%) under drip irrigation, but, was on par

with 2.5 cm depth (1.06%) under furrow irrigation.

4.2.7.10 Magnesium uptake

The data on magnesium wuptake of watermelon as
influenced by IW/CPE ratio and method of irrigation are
presented in Table 4.55. :

IW/CPE ratio : Magnesium uptake increased with increase in
IW/CPE ratio, but, the wvariations were statisticaily
significant at 40 DAE in both the years, at 60 DAE in 1985
and at 80 DAE in shoot and total uptake in 1985.

During 1984, at 40 DAE, the magnesium uptake in plant
was significantly lower (1.98 kg/ha) with irrigation at 0.25
IW/CPE ratio, as compared to, irrigation at 0.75 (2.66 kg/ha)
and 1.00 (3.03 kg/ha) IW/CPE ratios, but, was on par with
irrigation at 0.50 (2.11 kg/ha) IW/CPE ratio

During 1985, at 40 DAE, the magnesium uptake in plant
was significantly lower (1.64 kKg/ha), with irrigation at 0.25
IW/CPE ratio, as compared to, irrigation at 0.75 (2.17 kg/ha)
and 1.00 (2.24 kg/ha) IW/CPE ratios, but, was on par with
irrigation at 0.50 (1.95 kg/ha) IW/CPE ratio. At 80 DAE, the
total magnesium wuptake was significantly lower {31.79
kg/ha}), with irrigation at 0.25 IW/CPE ratio, as compared to,
irrigation at 1.00 (38.49 kg/ha) IW/CPE ratio, but, was on

par with irrigation at 0.50 (31.91 kg/ha) and 0.75 (34.84
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kg/ha) IW/CPE ratios. Similar trend was observed in shoot.

Method of irrigation : Method of irrigation had statistically
significant influence on magnesium uptake, at all the stages
except, in fruit at 80 DAE during both the years.

During 1984, at 40 DAL, the magnecsium uptake in plant
was significantly lower (2.10 kg/ha) with 5.0 depth under
furrow irrigation, as compared to, one emitter per plant
(2.64 kg/ha) and one emitter per two plants (2.85 kg/ha)
under drip irrigation, but, was on par with 2.5 cm depth
(2.19 kg/ha) under furrow irrigation. At 60 DAE,in plant,
furrow irrigation with 5.0 cm depth recorded significantly-
lower (10.60 kg/ha) magnesium uptake, as compared to, one
emitter per plant (17.70 kg/ha) and one emitter per fwo
plants (16.11 kg/ha) under drip irrigation, but, was on par
with 2.5 cm depth (12.19 kg/ha) under furrow irrigation.At 80
DAE, the total magnesium uptake was significantly lower
(30.63 kg/ha) with 5.0 cm depth under furrow irrigation, ‘as
compared to, one emitter per plant (39.56 kg/ha) and one
emitter per two plants {(40.90 kg/ha) under drip irrigation,
but, was on par with 2.5 cm depth (37.58 kg/ha) under furrow
irrigation. Similar trend was observed in shoot magnesium
uptake.

During 1985, at 40 DAE, the magnesium uptake in plant was
significantly lower (1.77 kg/ha) with 5.0 cm depth under
furrow irrigation, as compared to, one emitter per plant
(2.15 kg/ha) and one emitter per two plants (2.29 kg/ha)

under drip irrigation, but, was on par with 2.5 cm depth
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(1.79 kg/ha) wunder furrow irrigation. At 60 DAE, the
magnesium  uplake in plant was significantly lower (7.32
kg/ha) with 5.0 cm depth under furrow irrigation, as compared
to, one emitter per plant (10.65 kg/ha) and one emitter per
two plants (12.46 kg/ha) under drip irrigation, but, was on
par with 2.5 cm depth (8.05 kg/ha) under furrow irrigation.
At 80 DAE, the total magnesium uptake was significantly
lower (29.36 kg/ha) with 5.0 cm depth under furrow
irrigation, as compared to, one emitter per two plants (37.50
kg/ha) wunder drip irrigation, but, was on par with one
emitter per plant (34.90 kg/ha) under drip irrigation and 2.5
cm depth (34.17 Kkg/ha) under furrow irrigation. The
magnesium uptake in shoot, at this stage, was significantly-
lower (22.58 kg/ha) with 5.0 cm depth‘ under furrow
irrigation, as compared to, 2.5 cm depth (27.19 kg/ha) under
furrow irrigation, one emitter per plant (28.04 kg/ha) and
one emitter per two plants (30.25 kg/ha) under drip

irrigation.

4,2.8 Correlation Studies

The data on correlatidns between fruit yield and other
growth and yield parameters are preéented in Table 4.56.

During 1984, significant and positive correlations
were obtained in respcct of vine length, dry matter, hundred
seed weight, reducing and fotal sugars and phosphorus content
in plants. llowever, during 1985, the correlations with yiéld
were significant and positive only with vine length, dry

matter in fruit and number of seeds per fruit.
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Table 4.56 = Corrclalion between yield and olher attributes, as

affected by IW/CPE ratio and method of

irrigation

10.

11.

12.

13.

14.

15.

16.

17.

Vine length

Dry matter per plant
Dry matter per fruit
Leaf area index

Number of fruits per ha
Average fruit weight
Number of seeds per fruit
Hundred seed weight
Flesh thickness

Rind thickness

Reducing sugars

Total sugars

Nitrogen (% in plant)
Phosphorus (% in plant)
Potassium (% in plant)
Calcium (% in plant)

Magnesium (% in plant)

Significant at 5% level

Significant at 1% level

.3793
.0283
.2813
.1512
.4808%
.2864
.3962
.7968%%
.7395%%
.2946
.1009
.3694
.4750

L1335

0.3778
0.3143
0.3221
0.4371
0.3187
0.3156
0.0215
0.0719
0.1781

0.1579
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4.2.9 Water use and water use efficiency

Waler usc The data on waler use of walermelon  crop
are presented in Tables 4.57 and 4.58. The total water use
under furrow irrigation ranged from 288 mm with irrigation at
0.25 IW/CPE ratio, with two to five irrigations, to 672 mm
with irrigation at 1.00 IW/CPE ratio and the number of
irrigations varied from ten to twenty three. Thus, it could
be seen that nearly 384 mm more water was used with
irrigation at 0.25 IW/CPE ratio.

The total water use under drip irrigation with one emitter
per plant and one emitter per two plants was the same, in both
the years. The water use varied from 207 mm with irrigation
at 0.25 PER to 680 mm with irrigation at 1.00 PER
ratio. Drip irrigation with 1.00 PER resulted in nearly 473

mm more water use, as compared to, irrigation at 1.00 PER.
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Table 4.58 Water wuse of watermelon wunder drip
irrigation.

e v e e e v = e e e = e = e . e W e e o . e e m = ma = T e v me e o

PER ratios 1984 1985

0.25 201.12 213.67

0.50 352.25 377.30

0.75 503.37 541.02

1.00 654.50 704.70
Water use efficiency : The data on water use efficiency of

watermelon, as influenced by IW/CPE ratio and method of
irrigation are presented in Table 4.59.

IW/CPE ratio : Water use efficiency decreased significantly
with higher IW/CPE ratio, in both the years.

During 1984, water wuse efficiency was significantly
lower (0.52 g/ha-mm) with irrigation at 1.00 IW/CPE ratio,
as compared to, irrigation at 0.50 (0.88 gq/ha-mm) and 0.25
(1.26 g/ha-mm) IW/CPE ratios, but, was on par with irrigation
at 0.75 (0.66 q/ha-mm) IW/CPE ratio. Similar trend was

observed in 1985.

Method of irrigation : Statistically significant variations
in water wuse efliciency, as influcnced by method of

irrigation. were observed in both the years.

i

During 1984, water-use efficiency was significantly

lower (0.60 qg/ha-mm) with 5.0 cm depth under furrow
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Table 4.59 Water-use efficiency of watermelon, as influenced

by IW/CPE ratio and method of

irrigation

IW/CPE ratio

0.25
0.50
0.75
1.00
'F'test

Method of irrigation

Drip

one emitter/plant

one emitter/two plants
Furrow

2.5 cm depth

5.0 cm depth

'F'test

Sig

Sig

Sig

0.03
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irrigation, as compared to, one emitter per plant (0.96 q/ha-
mm) and one emitter per two plants (1.07 g/ha-mm), under drip
irrigation, but, was on par with 2.5 cm depth (0.69 g/ha-mm)
under furrow irrigation.

During 1985, furrow irrigation with 5.0 cm depth (0.50
q/ha-mm) recorded significantly lower wate}-use efficiency,
as compared to, 2.5 cm depth, wunder furrow irrigation (0.60
g/ha-mm), one emitter per plant (0.80 g/ha-mm) and one

emitter per two plants (0.86 g/ha-mm) under drip irrigation.
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Table 4.60 Interaction effects of IW/CPE ratio and method of

irrigation, on water-usc cfficiency

Method of irrigation

IW/CPE Drip Furrow
ratio one emitter/ one emitter/ 2.5 cm 5.0 cm
plant two plants depth depth

1984 1985 1984 1985 1984 1985 1984 1985
0.25 1.52 1.34 1.99 1.66  0.78°0.68 0.76 0.63
0.50 1.03 0.83 1.10 0.87 0.73 0.66 0.66 0.52
0.75 0.72 0.56 0.64 0.49 0.76 0.61 0.52 0.44
1.00 0.58 0.47 0.55 0.44 0.48 0.45 0.48 0.41
Pt test  sig sig 7
S.E.m + 0.10 0.05

C.D atb% 0.30 0.16

The interaction effect of IW/CPE ratio and method of
irrigation was statistically significant, during both the
years and are presented in Table 4.60.

During 1984, furrow irrigation with 2.5 cm depth (0.48
q/ha-mm) and 5.0 cm depth (0.48 q/ha~mm) , recorded
significantly lower water-use efficiency, as compared to,
irrigation at 0.25 IW/CPE ratio with one emitter per plant
(1.52 gq/ha-mm) and one emitter per two plants (1.99 gq/ha-mm),
as well as, 0.50 IW/CPE ratio with one emitter per plant
(1.03 qg/ha-mm) and one emitter per two plants (1.10 g/ha-mm)
under drip irrigation, but, was on par with other treatments.

During 1985, furrow irrigation at 1.00 IW/CPE ratio with

5.0 cm depth recorded significantly lower (0.41 qg/ha-mm),’
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water use efficiency, as compared to, drip irrigation at 0.25
IW/CPE ratio with one emitter per plant (1.34 q/ha-mm) and
one emitter per two plants (1.66 q/ha-mm) and 0.50 IW/CPE
ratio with one emitter per plant (0.83 q/ha-mm) and one
emitter per two plants (0.87 g/ha-mm). This was on par with
furrow irrigation at 0.25 IW/CPE ratio with 2.5 cm (0.68
g/ha-mm) and 5.0 c¢m depth (0.63 gq/ha-mm) and 0.50 IW/CPE
ratio with 2.5 cm depth (0.66 q/ha-mm), as well as 0.75

IW/CPE ratio with 2.5 cm depth (0.61 g/ha-mm).

4.2.10. Economics of drip and furrow irrigation

The details of the <cost of laying out the drip
irrigation system are presented in Table 4.28. The cost and
returns for drip and furrow methods of irrigation, for

watermelon, per cropping season are presented in Table 4.61.

The total cost under drip irrigation with one emitter per
plant was Rs.4119=00 and with one emitter per two plants was
Rs.4101=00, as compared to, Rs.3278=00 under furrow
irrigation. The gross returns under drip irrigation with one
emitter per two plants was higher by Rs 3824=00. However, the
benefit-cost ratio was more (3.44) under furrow irrigation
with 2.5 cm depth, as compared to drip irrigation (3.02 with
one emitter per plant and 3.16 with one emitter per two
plants, respectively). The benefit-cost ratio was lowest
(2.78), under furrow irfigation with 5.0 cm depth of

irrigation
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Thus, it is evident that the benefit realised in terms
of drip irrigation scems to bo marginal, as comparcd _tuf
furrow irrigation with 2.5 cm depth, but for the substantial
saving in water. The saving in water under drip irrigation

is nearly to the extent of 50 percent.

Table 4.61

. Economics of drip and furrow irrigation

Particulars Drip irrigation Furrow irrigation
One One 2.5 cm 5.0 cm
emitter/ emitter/ depth depth -
plant 2 plants

1. Yield, g/ha 330.95 340.95 291.34 248.03

2. Gross 16,547 17,048 14,567 12,401
returns,Rs/ha

3. Cost of :
cultivation, 3,125 3,125 3,278 3,278
Rs/ha

4. Total cost, 4,119 4,101 3,278 3,278
Rs/ha

5. Gross profit, 12,428 12,947 11,289 9,123
Rs/ha -

6. Benefit-cost 3.02 3.16 3.44 2.78

ratio
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V. DISCUSSION

The studies on "Response of watermelon to drip and
furrow irrigation, wunder different nitrogen and plant
population lcvels" were taken up at lossaraghatta, Bangalore

during the summer seasons of 1984 and 1985.

The weather conditions during the crop growth season of
both the years were favourable for watermelon. The mean
temperatures ranged between 24.9°C in 1984 and 25.8°C in 1985

which were higher than the normal, which is 24.1°C. Yamaguchi

(1983) has stated that watermelon is a warm season crop
requiring a relatively long growing season and high
temperature 1i.e., mean temperatures higher than 21° for its

‘best development.

During the crop season (January - May), a rainfall of
147.7 mm and 143.3 mm, during 1984 and 1985 respectively,
were received as against, 171.7 mm normal for the period.
During 1984, a rainfall of 24.0 to 36.8 mm was received
during each of the months of February, March and April, which
affected the irrigation treatments. However, this rainfall
has been considered while working out the effective rainfall.
During 1985, a rainfall of‘61.6 mm was received during April.
A rainfall of 60.2 mm in 1984 and 81.4 mm in 1985 was
received in May. This did not affect the irrigation
treatments, since most of it occurred after the harvest of
the crop. The relative humidity which ranged from 67 to 84

per c¢ent during 1985, was also favourable for the crop
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growth. The yield levels obtained in watermelon, to the
various treatments tried in the present investigation, can be
considered as normal yields, based on the expected yields,
when the improved practices are followed (Anon, 1985).

The findings of this investigation, covering the

following aspects are discussed in this chapter.

1. Influence of nitrogen on growth, yield and nutrient
uptake in watermelon.

Zi , Influence of plant population on growth, yield and
nutrient uptake in watermelon.

3. Influence of drip and furrow methods of irrigation on
growth, yield and nutrient uptake in watermelon.

4. Influence of Pan Evaporation ratio and irrigation wafer/
cumulative pan evaporation ratio, on growth, yield and
nutrient uptake in watermelon.

9. Water use and water use efficiency in watermelon.

5.1 Influence of nitrogen on growth, yield and nutrient

uptake in watermelon

Nitrogen fertilization has profound influence on growth
and yield of watermelon. Some of the growth parameters like
vine length, number of leaves and dry matter increased with
increase in nitrogen levels, from 60 kg to 180 kg nitrogen
per ha. The vine length increased significantly at 20 DAE,
with increase in nitrogen from 60 kg to 180 kg nitrogen per
ha. The number of 1leaves increased significantly with

nitrogen levels upto 120 kg per ha, at 20 DAE in 1985, upto
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180 kg per ha, at 40 DAE in both the years and upto'120 kg
per ha, at 80 DAE in both the years, The dry matltter
production was also significantly higher with 180 kg
nitrogen, at 60 DAE in both the years and upto 120 kg
nitrogen per ha, at 40 DAE in 1985 and at 80 DAE in both the
years. Leaf area also iﬁcreased with increase in nitrogen
levels, although the variations were significant only at 80
DAE in 1984. The increase in leaf area with nitrogen
fertilization may be due to better availability of nutrients
at higher levels, which might have probably triggered off
vigorous <cell division, <cell elongation and cell expanéion
processes, resulting in enlarged leaf area. Leaf area index
also increased with increase in nitrogen levels, however, the
variations were significant only at 80 DAE in 1984.

This resul ted in significant increase in net
assimilation rate at all the stages, except between 21 to 40
DAE, indicating higher photosynthetic efficiency of the plant
with increase 1in levels of nitrogen. Similar results have
been obtained by Yusifov (1983) and Khristov (1984) while
studying the relationship of growth and productivity of

watermelons.

Higher leaf area with improved photosynthetic efficiency
due to increase in nitrogen application resulted in higher
dry matter production. Leaf area at 80 DAE in 1984 was
significantly higher with 180 kg nitrogen per ha, as compared
to 60 kg nitrogen per ha. Dry matter production was

significantly higher with 180 kg nitrogen per ha, as compared
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to 60 kg nitrogen pér ha at 60 DAE in both the years, in
shoot and total uptake in both the years, at 80 DAE and at 40
DAE in 1985. Both total dry matter production and }its
distribution into the sink increased with increase in supply
of nitrogen. Leaf area duration also increased with increase
in nitrogen levels, although the variations were significant
only at 80 DAE in 1984. This indicated the persistence of
leaf cover, which was efficient in photosynthetic production
for 1longer peribd. Reynolds and Stark (1953) reported that
variations in nitrogen levels produced the greatest effect on
vegetative growth in cucumbers. Similarly, Roychaudhury
et al. (1984) observed reduced length of vines, size of the
leaves and number of flowers with nitrogen deficiency in

cucumbers. '

Variations in nitrogen supply also had significant
influence on sex expression of watermelon. Number of male
flowers was significantly higher with 180 kg nitrogen per ha,
as compared to 60 kg nitrogen per ha, whereas, the number of
female flowers was significantly higher with 120 kg nitrdgen
per ha, as compared to 60 kg and 180 kg nitrogen per ha. The
number of female flowers at 180 kg nitrogen'per ha decreased
significantly, as compared to 120 kg nitrogen per ha. As a

result of more number of female flowers at 120 kg nitrogen

per ha, the fruit set was also higher, as compared to 60 kg
nitrogen per ha. This optimum nitrogen application of 120 kg
nitrogen per ha, led to higher sink strength in the form of

increased fruit set. Increase in perfect flowers and more
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fruit set with nitrogen application has been reported in

muskmelon by Srinivas and Doijode (1984).

Fruit yield of watermelon increased with the
application of nitrogen in both the years, although it was
statistically significant only in 1985. During 1984, the

yield increased from 348.6 g per ha with 60 kg nitrogen .per
ha, to 378.66 q per ha with 120 kg nitrogen per ha, an
increase of nearly 9 per cent. During 1985, the yield
increased significantly from 308.28 q per ha with 60 kg
nitrogen per ha to 344.9 q per ha with 120 kg nitrogen per
ha, an increase of nearly 12 per cent and further increase in
nitrogen level to 180 kg per ha, had no additional benefit
(345.51 g ha). There was slight decrease in yield with 1807
kg nitrogen per ha during 1984. Deswal and Patil (1984) also
observed yield reductions in watermelon, with the application
of 100 kg nitrogen per ha. Reynolds and Stark (1953)
reported greatest number of fruits on plants receiving medium
supply of nitrogen, as compared to high or low nitrogen in
cucumbers. Bradley and Fleming (1959) reported higher yiélds
of watermelon with 60 kg nitrogen per ha. Brantley and
Warren (1960) observed nitrogen levels of either 100 kg or
150 kg per ha to be better for higher yields in watermelon.
Knysh and Vakulenku (1976) recorded yield increase of
watermelon upto 90 kg nitrogen per ha. Similarly Bhosale et
al., (1976) recommended 75 kg or 100 kg nitrogen per ha, for

realising higher yields of watermelon.
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Plants supplied with 1low amounts of nitrogen grew
slowly and produced smaller fruits than plants receciving high
rate of nitrogen in cucumbers (Dearborn, 1936). Likewise
Cantliffe (1977) reported higher yeilds of cucumbers with the
application rates of 67 to 134 kg nitrogen per ha.

In the present studies, also the yields decreased with
180 kg nitrogen per ha in 1984. This might be largely due to
higher wvegetative growth, more number of male flowers . and
lower female flowers, which resulted in decreased fruit
number per ha and reduced fruit set and size.

The difference in fruit yield among nitrogen levels
could be attributed to yield components like, the number of
fruits per ha and fruit weight. Both the number of fruits
per .ha and fruit weight increased markedly with increase in
nitrogen level wupto 120 kg per ha. This was mainly as a
consequence of increase in the number of female flowers "~ and
fruit set, which ultimately resulted in higher fruit number.
Higher photosynthetic efficiency coupled with enlarged source
enabled more dry matter production. The increased
photosynthates were diverted more to the sink leading to
higher fruit set.

The importance of fruit size as the main yield
attributing factor in watermelon has been well recognised
(Karchi et al ., 1977). Brantley and Warren (1960) and

Flocker et al., (1965) have reported increased fruit size of
watermelon with the application of nitrogen.
From the response equations presented, the optimum

nitrogen requirement was found to be 121 kg nitrogen per ha
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during 1984 and 141 kg nitrogen per ha during 1985. The
optimum yields at these levels were 379.4 q per ha in 1984,
349.3 g per ha in 1985,

Nitrogen fertilisation significantly increased the
nitrogen content in plant, at all the growth stages during
both the years, except at 60 DAE in 1985. Increases in
nitrogen content with nitrogen fertilisation have been
reported by Roychaudhury et al ., (1984) in round gourd. It
is quite logical to expect increase in nitrogen content with
nitrogen application in soils of low feftility status
(Henrikson, 1984).

The wuptake of nitrogen also increased significantly
with nitrogen fertilisation, at all the stages, during both
the years, except at 80 DAE in fruit during 1984. Increase
in nitrogen uptake was mainly due to the combined effect .of
increase in both nitrogen content and dry matter production.

Phosphorus content increased with increase in nitrogen
levels, although the differences were statistically
significant only at 80 DAE in shoot in 1984 and at 60 DAE in
1985. Roychaudhury et al ., (1934) reported increase 1in
phosphorus content with higher doses of nitrogen, in
roundgourd, at flowering and a gradual decline at early and
late flowering. The phosphorus uptake also increased with
increase in nitrogen levels.

Statistically significant increase in potassium Conteﬁt
in plant, with increase in nitrogen level were recorded at 60

DAE in 1984 and at 80 DAE in fruit, in both the years. The
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magnitude of increase was more between 60 kg and 120 kg
nitrogen per ha. Thus, it can be seen Lhat nitrogen
fertilisation 1induced better vegetative growth and root
penetration, which might have helped 1in absorbing more
potassium from soil. Barker et al., (1983) also observed
increased potassium content in plant tissue of radish with
nitrogen fertilisation.

The potassium wuptake also increased with nitrogeﬁ
fertilisation, although the variations were statistically
significant at 80 DAE in fruit during 1984, at 40 DAE in 1985
and at 80 DAE in fruit and total uptake in 1985.

Nitrogen fertilisation practices have been known to
influence dipectly. the mineral nutrient composition of the
leaf tissue in cucumbers and the concentrations of nitrogen.
potassium, magnesium and calcium were higher, 1in tissues
receiving fertiliser nitrogen rates from 67 kg to 201 kg per
ha (Cantliffe, 1977). Generally nitrogen fertilisation
influences cation and anion composition of the tissue. The
increase in concentration of other elements in the tissue,
might have been due to more active root growth or slight
changes in soil availability of these nutrients, due to the
addition of nitrogen fertilizers to the soil (Cantliffe,
1977). Likewise, Bishop et al., (1969) observed that
increasing the nitrogen rates from 50 kg to 100 kg per ha,
increased the percentage of nitrogen, calcium and magnesium
in cucumbers. In the present studies the calcium and
magnesium contents and their uptake in watermelon increased

with higher nitrogen levels.
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The root dry weight also increased with increase in

nitrogen levels.

5.2 Influence of plantipopulation on growth, yield and

nutrient uptake in watermelon:

The two spacings tried viz., 300 cm x 60 cm and 200 cm
x 60 cm, 1in this study resulted in plant-populations of
11,111 plants and 16,666 plants per ha, respectively, when
two plants per hill were maintained. The intra-row spacing
of 60 cm being common to both the spacings, the variations in
terms of growth, yield and nutrient uptake are due to.infer-
row effects which are discussed.

In the present studies, plant populatibns of 11,111
plants and 16,666 plants per ha, had marked influence on
growth and yield of watermelon, during both the years. The
results of spacing and yield have been quantified by Holliday
(1960), who described the relationship as parabolié in
fruiting crops.

The dry matter production per plant and its
distribution into fruit -was 1less in case of <closer row
spacing of 200 cm, as compared to wider row spacing of ‘300.
cm. The leaf area per plant was more with 300 cm row
spacing, although the variation was statistically significant
only at 80 DAE in 1984. But the leaf area index was
significantly higher, with closerlrow spacing of 200 cm  at
all the stages, except at 80 DAE in 1984. Leaf area index
had significant and positive correlation with yield during

1985. The photo- synthetic efficiency of the plant, in terms
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of net assimilation rate was higher with 200 cm, although the
differences were statistically significant only between 41 to
60 DAE. As a consequence of this increase in.leaf area index
and net assimilation rate, the crop growth rate was
significantly higher between 21 to 40 DAE, in both the years
and between 61 to 80 DAE in 1985. These growth improvements
were mainly due to better utilisation of light and nutrients
at <closer spacing. Nerson et al., (1984) reported faster

vegetative growth per unit area, higher leaf area index and

more dry matter accumulation in muskmelon, with increase in

plant population from 13,500 to 31,250 plants per ha. Apaht
from this, there was improved fruit set and higher yields of
melons.

Fruit yield of watermelon increased significantly, with
decrease in row spacing, in both the years. The yield
increased from 336.12 q per ha with 300 cm row spacing to
389.25 q per ha with 200 cm row spacing, during 1984 i.e. an
increase of nearly 16 per cent. Whereas, during 1985, the
yield increased from 303.42 g per ha with 300 cm row spacing
to 362.36 q per ha with 200 cm row spacing, an increase of
nearly 19 per cent. Locascio and Halsey (1966) also have
reported higher yields of watermelon with a spacing of 9'x 2',
Peterson (1961) with 4' x 2' and Patil and Bhosale (1976)
with 1.2 m x 1.2 m.

The main yield attributing characters were the fruit
number per ha and fruit weight. The fruit number was

significantly higher with 200 cm row spacing, during both the



2472

years (43% higher in 1984 and 24% in 1985, respectively).
Whereas, the fruit weight was significantly higher by 0.50 kg

during 1984 and 0.40 kg during 1985, with wider row spacing

of 300 cm. Eventhough, the fruit weight was higher with 300
cm row spacing, the fruit yield per ha increased at 200 cm

row spacing. This was mainly due to increase in fruit number
per ha, as a consequence of higher plant p;pulation. which
more than compensated for the reduced fruit weight.
Significant and positive correlation was observed with yield
and number of fruits per ha, during 1985. Similar increase
in fruit number with closer spacing has been reported by
Peterson (1961) in watermelon. Increase in yield with cloéer
spacings in melons has also been reported by Baljeet Singh et
al., (1982) and Srinivas and Prabhakar (1984), who attributed
the yield increases to more number of plants per unit area.

Fruits must develop uniformly for optimum yields.
Plant population densities govern uniformity, as wellv as
number of fruits produced in cucumbers (Cantliffe and Pathak,
1975). Halsey (1959) also reported an increase in marketable
watermelon fruits, as the intra row spacing decreased from 12‘
feet to 3 feet. Patil and Bhosale (1976) also recorded
higher yields of watermelon, with a spacing of 1.2 m x 1.2 m
(13,888 plant/ha).

The nitrogen content was higher with wider row spacing
of 300 cm, at all the stages, although the variations were
significant only in fruit, at 80 DAE, during both the years.
Whereas, the nitrogen uptake was significantly higher with

closer row spacing of 200 cm, at all the stages, except at 80
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DAE 1in 1984 and at 60 ﬁAE in 1985. The phosphorus content
was higher at 300 cm row spacing at all the stages however,
the differences were statistically significant only at 80 DAE
in both the years. The phosphorus uptake was significantly
higher with 200 cm row spacing, at all the stages, except at
80 DAE in shoot during both the years. The potassium,
calcium and magnesium contents were higher at 300 c¢m row
spacing, at all the stages. Thus, the contents of nitrogen,
phosphorus, potassium, calcium and magnesium were higher by
0.14, 0.01 and 0.08 and 0.03 per cent respectively, at 60
DAE, with wider row spacing of 300 cm. Eventhough, the
nutrient contents were higher with 300 cm row spacing, the
growth and development of the crop was not curtailed af 200
cm, as could be clearly seen from higher biomass production
per ha, which ultimately resulted in higher nutrient uptake
at all the stages. The increase in nutrient contents at
wider row spacing of 300 cm could be due to better
availability and utilisation of nutrients and light. On the
contrary, the uptake of all the elements studied were higher
at closer row spacing of 200 cm, largely due to increased

biomass production per ha.

5.3 Influence of drip and furrow methods of irrigation on

growth, yield and nutrient uptake of watermelon:

The growth parameters i.e., vine length and number of
leaves were higher under drip irrigation, as compared to
furrow irrigation (Experiment I1). The vine length was more

at all the stages under drip irrigation, although the
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variations were statistically significant, only at 60 DAE in
both the yecars. Number of leaves was also higher under drip
irrigation, at all the stages though, the differences were
statistically significant only at 40 DAE. This increase in
number of leaves culminated in higher dry matter production
under drip irrigation. The leaf area and leaf area index
under drip irrigation was also higher, at all the stages,
although, the differences were statistically significant only
at 60 DAE and 80 DAE}in 1984. Leaf area duration was also
higher under drip irrigation. The photosynthetic efficiency
in terms of net assimilation rate was higher in case of drip
irrigation, at all the stages and the variations were
statistically significant between 61 to 80 DAE. Since, both
the leaf area index and net assimilation rates were higher
under drip irrigation, the total canopy photosynthesis in
terms of crop growth rate was also higher. Improved growth
of several <crops by drip irrigation have been reported by
Howell et al. (1981). Mitchell and Black (1971) and
Middleton et al. (1979) reported improved growth and early
productivity of Peach and Apple trees, when drip irrigated.
Reduced growth and productivity under conventional irrigation
has been attributed to, rapid depletion of readily available
soil water from the limited rootzone (Proebsting et al 1977).
Under such circumstances frequent irrigations would permit

availalble water to be consistently maintained in the

rootzone.
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Apart from, this the canopy temperature was lower by
2.80C, osmotic potential increased by 8.7 bars and the
relative water content was higher by 4.8 per cent, at 15 days
after irrigation, under drib irrigation.‘ as compared to
furrow irrigation. Denmead and Shaw (1962) showed that
actual evapo-transpiration is a complex function of both soil
water content and evaporative demand. Reduction in evapo-
transpiration with reduced soil water potential has been

associated with reduced photosynthesis.

The number of female flowers were significantly higher
under drip irrigation, 1in both the years,. which resulted in
higher fruit set. Drip irrigation recorded significantly

higher yields (418.0 gq/ha and 379.0 q/ha during 1984 and

1985 respectively), as compared to furrow irrigation (307.37
g/ha in 1984 and 286.78 q/ha in 1985, respectively,
Experiment 1. Thus, the yield increase under drip irrigation

was nearly 36 per cent in 1984 and 32 per cent during 1985.
The significant yield increase was mainly the consequence of
improved yield components like, number of fruits per ha and
_fruit weight. The fruit number per ha increased by 25 pef
cent in 1984 and 32 per cent in 1985, under drip irrigaéion.
The fruit weight under drip irrigation increased by 0.40 kg
in 1984 and 0.30 kg in 1985, as compared to furrow
irrigation. Singh and Singh (1978) recorded increased
watermelon yields by 10 to 22 per cent under drip irrigation.

Such yield increase under drip irrigation have been reported
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by several workers (Malinina, 1971 in cucurbits; Elmstrom et

al. 1981 in watermelon; and Rudich et 1. 1978 in melons).

The root length as well aé the root dry weightv was
significantly lower under drip irrigation, as compared to
furrow irrigation. The root concentration has been found to
be very high in top layers of several vegetable crops, under

drip irrigation, by Bernstein and Francois (1973).

Drip irrigation is uniquely suited for maintenance of
steady high soil water potential, because frequent water
applications can be made without interference with cultural
practices. Conversion of formerly furrow irrigated Orange
trees to trickle irrigation was accompanied by a significant
reduction in soil water potential fluctua£ions (Alijubury et

al. 1974).

The concentration of nitrogen, phosphorus, potassium,
calcium and magnesium were higher by 0.06, 0.15, 0.26, 0.11
and 0.09 per cent respectively, at 60 DAE wunder drip
irrigation, as compared to furrow irrigation. Nye and Tinker
(1977) observed that the movement of ions to plant roots in
dry soils 1is restricted by low rates of mass flow and
diffusion.

The ﬁutrient uptake was higher under drip irrigation
because of higher nutrient content and increased dry matter
production. Similar results have been recorded by Massarawa
et al. (1984) with drip irrigated cucumbers. Much of the

water saving has been achieved, by restricting the water
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supply to the extent of the most efficient rootzone {(Dasberg
and Steinhardt, 1974). By not wotting the entire row
particularly 1in the young stages of the <crop, direct
evaporation from the soil surface and uptake of water by
weeds are drastically reduced (Lemon, 1956).

The results of Experiment II indicated significant
variations in growth and yield components, wunder drip
irrigation with one emitter per two plants, as compared to 5.0
cm depth under furrow irrigation. The growth parameters
viz., vine length and number of leaves were significantly
higher, wunder drip irrigation with one emitter per two
plants, as compared to 5.0 cm depth under furrow irrigation.
This increase 1in number of leaves resulted in higher leaf
area and leaf area index, which led to increased
photosynthetic production and its distribution into fruit.
Apart from this, the photosynthetic activity reflected in
terms of leaf area duration, was aiso higher. As a
consequence of these improvements in growth, the relative
growth rate, net assimilation rate and crop growth rate‘were
higher with one emitter per two plants under drip irrigation,
which resulted 1in higher photosynthetic efficiency.. as
compared to 5.0 cm depth under furrow irrigation.

Most of the growth and growth components under furrow
irrigation with 2.5 cm depth and one emitter per plant under
drip irrigation were on par.

Daily replenishment of water under drip irrigation did

not allow any deficit to remain longer and thus maintained a
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high soil water potential. This enabled the plants to
perform better, as compared to those under furrow irrigation
with 5.0 cm depth. similar results have been obtained in
vegetables by Bernstein and Francois (1973). The superiority
of drip irrigation to maintain favourable soil water
potentials continuously, with out creating acration problems
has been well documented (Bresler, 1977; Bucks et al. 1981;

and Howell et al. 1981).

Between two drip irrigation treatments, drip irrigation
with one emitter per two plants, resulted in slightly
improved growth attributes, probaﬁly due to better aeration
and optimum moisture in the rootzone. It is quite possible
that the root growth and development might have been
curtailed, as a result of ponding of the water near the
plant, under one emitter per plant.

With regard to furrow irrigation, 2.5 cm depth of water
resulted in higher growth and development of the plants, in
terms of increased leaf area and leaf ared index. Maost of
the growth parameters studied were higher with 2.5 cm depth,
as compared to 5.0 cm depth, probably due to more frequent
irrigation and reduced stress. Although, the total quantity
of water applied was same in both the cases, because of ibwer
frequency under 5.0 cm depth the plants were subjected to
greater degree of stress all along, leading to poor growth.

The number of female flowers produced was also higher
in drip irrigated plants, which accounted for increased fruit

set, as compared to furrow irrigated plants.
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The fluctuations in canopy temperature were very little
_undef drip irrigatidn. The relative water content was more
with drip irrigated plants, with the result the tissue
maintained higher turgidity. This probably enabled the
plants to maintain higher cell division and elongation and
increased photosynthesis. Thus, the plant growth and
development was higher under drip irrigation. The osmotic
potential values also remained more or less the same, because
of daily replenishment of water under drip irrigation which
eliminated stress and higher accumulation of solutes in the
tissues.

Method of irrigation had significant influence on the
yield of watermelon during both the years. brip irrigation
was far superior (367.54 q/ ha in 1984 and 313.96 q/ha in
1985, with one emitter /2plants and 353.73 g/ha in 1984 and
309.73 g/ha in 1985, with one emitter per plant) to furrow
irrigation (300.32 g/ha in 1984 and 282.31 g/ha in 1985 with

2.5 com depth and 268.98 g/ha in 1984 and 227.08 gq/ha in 1985

with 5.0 cm depth), in realising higher yields of the order
of 22 to 26 per cent. Furrow irrigation with 2.5 cm depth
came close to drip irrigation treatments. The fruit yield

did not vary markedly between two drip irrigation treatments.
However, drip irrigation with one emitter pcr two plants
(367.5 and 313.9 g/ha during 1984 and 1985 respectively)
recorded slightly higher yields as compared to one emitter
per plant (352.7 and 309.7 q/ha during 1984 and 1985

respectively). Similarly, Shatanawi (1983) did not observe
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any differences in squash yields, when one emitter per plant
or per two plants were used. Lower yieclds with one emitter
per plant could be attributed to more concentration of water
at a single point, which might have created imbalance in the
soil-water inter phase, leading to aeration problems. Furrow
irrigation with 5.0 cm depth recorded the lowest fruit yields
of watermelon (268.9 and 227.12/ha during 1984 and 1985
respectively) as compared to 2.5 cm depth (300.3 and 282.3
g/ha during 1984 and 1985 respectively). This may be due to
decrease in the frequency of irrigation, that might have led

to large scale fluctuations in soil water potential (Goldberg

et al.1971) under furrow irrigation wunlike in drip
irrigation, wherein the fluctuations were reduced to a
minimum.

The main yield contributing characters for higher fruit
yields under drip irrigation were the fruit number per ha and
fruit weight. The 1increase in fruit number with higher
irrigation frequency has been reported as early as 1936, by
Fleming in melon and in recent years by Malinina (1971) and
Desai and Patil (1984). Likewise, Mac Gillivra'y (1951)
obtained smallest melon fruits under dry treatments. There
wepe'no marked differences in fruit number and weight between
two drip irrigation treatments. However, under furrow
irrigation, both the fruit number and weight were less with
5.0 cm depth, as compared to that with 2.5 c¢m depth of

irrigation. This may probably be due to decrease  in
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. frequency of irrigation, leading to severe soil moisture
stress.

The NO3-N concentration in the fruits was also
signitificantly influenced by method of irrigation. Both

nitrate reductase activity and photosynthesis decreases have
been reported with lower water potentials, resulting in

reduced N03—N (Huffaker et al.1970).

Drip irrigation recorded higher nitrogen content énd
uptake during both the years. The nitrogen <content and
uptake were lowest under furrow irrigation with 5.0 cm depth,
as compared to drip irrigation with one emitter per two
plants. Increased nitrogen uptake was the consequence of
higher content and dry matter production. Soil moisture
status affects nitrification of soil organic matter and a
decline in nitrogen uptake could be expected under increased
moisture stress (Colman and Lazenby, 1975). Phosphorus
content at 60 DAE was higher under 'drip irrigation with ‘'one
emitter per two plants, by 0.07 per cent, than under furrow
irrigation with 5.0 cm depth. Gates (1957) observed that
water-stressed tomato plants in soil have low phosphorus
~concentrations. This could be due to reduced phosphorus
mobility in drier soils or to reduced uptake. The uptake of
phosphorus was also reduced under furrow irrigation. Even
small decreases in water potential reduced phosphorus uptake
by tomato plants (Greenway et al ., 1969). The potassium
content was also higher, under drip irrigation with one

emitter per two plants, by 0.55 per cent, as compared to
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furrow irrigation with 5.0 cm depth.

The potassium uptake was higher under drip irrigation
with one emitter per two plants, by 13.35 kg per ha. This may
be mainly due to the fact that potassium moves towards roots
by diffusion and mass flow (Barber, 1966), and its uptake is
naturally governed by soil moisture status. Such a movement
was affected to a great extent under furrow irrigation with

5.0 cm depth.

Calcium content increased under drip irrigation with
one emitter per two plants, by 3.15 per cent, as compared to
furrow irrigation with 5.0 cm depth. This may be possibly
due to increased oxygen concentration in the root zone, which
was reported to favour accumulation of calcium in the plant
tissues (Lebanauskas et al. 1972). The <calcium uptake

pattern was similar to that of its content.

Likewise, magnesium content and uptake were higher
under drip irrigation with one emitter per two plants, than
under furrow irrigation with 5.0 cm depth. It may also be
due to increased availability of oxyéen. which must have had
profound effect on respiration activity of the plant roots,
leading to higher accumulation of magnesium (Jarrell aﬁd

Beverly, 1981).

The content and uptake of nitrogen, phosphorus,
potassium, calcium and magnesium under drip irrigation with
one emitter per plant and furrow irrigation with 2.5 cm

depth, did not vary much, mainly because of more frequent
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irrigations, which aided in better uptake of these nutrients.

5.4 Influence of pan evaporation ratio and irrigation

water / cumulative pan evaporation ratio on growth,

yield and nutrient uptake in watermelon:

As the pan evaporation ratios increased there was
progressive increase, in the growth parameters. The vine
iength was significantly lower at lower, IW/CPE ratios at all
the stages, except at 20 DAE, as compared to higher IW/CPE
ratios. The number of leaves was significantly lower with
irrigation at lower IW/CPE ratio, as compared to higher'
IW/CPE ratio at all the stages, except at 60 DAE in 1984 and
20 DAE in 1985. Dry matter production and distribution to
fruit was also more at higher 1W/CPE ratios. Leaf area and
leaf area index increased with higher IW/CPE ratios, however,
the differences were statistically significant at 40 DAE and
60 DAE, in both the years:(except. leaf area at 60 DAE 1in
1984). Although, the leaf area duration ihcreased at higher
IW/CPE ratios, the variations were significant only between
21 to 40 DAE.

The importance of canopy development in light
interception, growth and yield has been well documented.

Apart from the size of the photosynthetic
surface, 1its sustenance, as measured by leaf area duration
was also higher at higher IW/CPE ratios. The relative growth
rate increased significantly at all the stages, except
between 61 and 80 DAE, with higher IW/CPE ratios. Net

assimilation rate was also higher. As a consequence of
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higher leaf area index and net assimilation rate at higher
IW/CPE ratios, the crop growth rate also 1increased with
higher IW/CPE ratios. In the ultimate analysis, the dry
matter synthesis is a function of higher photosynthetic
surface, its longevity and photosynthetic efficiency.
Increased 1leaf drop and senescence resulted in reduced
photosynthetic activity and reduced dry matter production at
lower IW/CPE ratios.

Physiological studies on the effect of soil moisture
deficit on growth, by several workers, quoted earlier have
indicated that poor cell elongation, 1low photosynthesis and
carbohydrate synthesis resulted in poor growth with decrease
in the frequency of irrigations. Severity of effects vary
depending on the degree of stress, its longevity and stage of
growth (Salter and Goode, 1967; Hsico, 1973; Beggand Turner,
1976). Soil moisture deficit below 25 to 50 per cent |is
detrimental to growth and yield of vegetables (Kaliappa et
al . 1971; and Dagss et _l..1975).

The number of female flowers and fruit set
significantly increased with higher IW/CPE ratios, which
ultimately resulted in higher number of fruits per ha. Since
the average fruit set in watermelon is 1.2 per plant, the
alternative left to increase the fruit yield is, either by
increasing the fruit size or by ﬁarvesting more number of
average sized fruits. In the present study, higher yields
were achieved by both fruit size increase and more number of

harvested fruits per ha, with higher IW/CPE ratios.
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The yield of watermelon increased with higher IW/CPE
ratios, during both the years, although the differences wcreo
statistically significant only during 1985/ The yield was
highest with irrigation at 1.00 IW/CPE ratio (337.68 g/ha in
1984 and 310.14 g/ha in 1985), an increase of 16 per cent
during 1984 and 23 per cent during 1985, as compared to
irrigation at 0.25 IW/CPE ratio. The yield differences were
not statistically significant during 1984, probably due to
unusually heavy rainfall received during the months of
February and March, which largely masked the treatment
effects of irrigation. Eventhough, the irrigation schedules
were adjusted to take care of the rainfall, the intended
level of stress was not experienced by the <crop during
critical periods, which resulted in better performance of the
crop, even at lower IW/CPE ratios. Desai and Patil (1984)
obtained highest yields of watermelon with an IW/CPE ratio
of 1.00. Better performance of the crop with increase ‘in
IW/CPE ratios, was also due to the fact that favourable soil
moisture status was maintained in the rootzone, which in turn
helped the plants to maihtain higher turgor and increased

utilisation of moisture and nutrients (Shmueli and Goldberg,

1971; Phene and Beale, 1976). Similar results have also been
reported by Yadav and Mangal (1984), who obtained -

significantly improved yields with 0.90 cumulative pan
evaporation ratio. |

The differences ’in yield of watermelon, aﬁong
irrigation levels, could be traced to yield components like

fruit number per ha and fruit weight, which increased with
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higher IW/CPE ratios, although the wvariations were not
statistically significant in both Lhe years. The tolal
soluble solids and the sugars were not influenced by higﬁer
IW/CPE ratios. Similar results have been obtained by Desai
and Patil (1984). The canopy temperatures increased withlfhe
decrease in IW/CPE ratio, probably due to reduced leaf area
index which exposed the soil surface. On the contrary,
relative water content increased with increase in IW/CPE
ratio, due to more availability and uptake of water, by which
the <cells remained turgid for a longer period. This,
consequently resulted 1in stomatal opening for a longer

period, with increased influx of carbon dioxide leading to

higher photosynthetic production. Osmotic potentials also
decreased with decrease in IW/CPE ratio. This can be
expected since, the solute concentrations increase under

stress and plants try to adjust to drought conditions, Dby
osmotic adjustment by decreasing osmotic potential.

The nutrient content, as well as the uptake in the plaht
increased with increase in IW/CPE ratios. This was ‘mainly
due to higher moisture availability in the root zone which
resulted in better absorption and higher wutilisation of
nutrients by the plant.

Decreasing the IW/CPE ratio (under low water potentials)
reduces both nitrate-reductase activity and photosynthesis,
leading to nitrate-nitrogen accumulation in the tissue
(Huffaker et al. 1970). Increase in nitrogen concentration

with water stress is well documented (Greenway t al. 1969).



Total nitrogen uptake decreased with decrease in the IW/CPE
ratios. Soil moisture status affects nitrification of soil
organic matter, and a decline in nitrogen uptake could be
expected under increased moisture stress (Colman and Lazenby,
1975).

Both the phosphorus content and uptake decreased with
decreasing IW/CPE ratios. Decreased phosphorus uptake was

the consequence of reduced phosphorus comrrtent and 1lower

dry matter production. Since phosphorus moves towards root
surface by diffusion, 1its uptake is largely governed by soil
moisture status (Karien et al. 1985). Soil moisture affects

both phosphorus uptake (Mederski and Wilson, 1960; Olscn ct

al. 1961) and root growth (Gingrich and Russell, 1957; Mirreh
and Ketcherson, 1973). Lower moisture reduces phosphorus

diffusion through the soil to the root surface (Olsen et al.

1965; Mahtab et al. 1971; Hira and Singh, 1977). Olsen et al

(1965) measured an eightfold decrease in phosphorus
diffusion, the principal mechanism for phosphorus movement

through the soil to the root surface, with a two fold

decrease 1in soil moisture (Barber et al. 1963). As soil
phosphorus level increases, the effect of soil moisture on
phosphorus diffusion rate decrcases (Mahtab et al. 1971).
Similarly, potassium wuptake also reduced, with decrease in
IW/CPE ratios. As potassium moves towards roots by both
diffusion and massflow (Barber,1966), its uptake |is
naturally governed by soil moisture status. The calcium and

magnesium uptake also increased with the increase in IW/CPE

257
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ratios, largely due to higher biomass production and higher

content of calcium and magnesium.

5.5 Water use and water use efficiency in watermelon:
The water use in Experiment I, wunder drip irrigation
with 0.50 PER, was 352 mm in 1984 and 377 mm in 1985.

Whereas, under furrow irrigation of 0.50 IW/CPE ratio with
5.0 cm depth, the water use was 408 mm during both the years.
The water wuse efficiency was higher under drip irrigation
(1.19 qg/ha mm in 1984 and 1.00 g/ha-mm in 1985) as compared
to furrow irrigation (0.75 gq/ha-mm in 1984 and 0.70 qg/ha-mm
in 1985).

Increased water-use efficiency under drip irrigation
was mainly due to higher yields and lesser water used. Thus,
the water-use efficiency was higher under drip irrigation by
58 per cent and 43 per cent in 1984 and 1985 respectively, as
compared to furrow irrigation. Singh and Singh (1978)
reported increased water use efficiency under drip irrigation
in water melon. The higher water-use efficiency was also due
to reduced water losses from the irrigation system and more
efficient plant water use (Goldberg et al. 1971). Russo
(1983) has shown that yield is linearly related to the
variance of so0il water potential.

The water-use in Experiment II, wunder drip irrigation
with one emitter per plant and one emitter per two plants
were the same and ranged from 201 mm in 1984 to 214 mm in
1985 with 0.25 PER, to 654 mm in 1984 to 705 mm in 1985 with

1.00 PER. In case of furrow irrigation, the water use as a
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compared Lo 672 mm with 1.00 IW/CPE ratio. Thus, necarly 384
mm water use was higher with irrigation at 1.00 IW/CPE ratio,
as compared to irrigation at 0.25 iW/CPE ratio (an increase
of nearly 132 per cent).

Water use efficienéy under drip irrigation with one
emitter per plant (0.96 g/ha-mm in 1984 and 0.80 g/ha-mm in
18985) and one emitter per two plants (1.07 g/ha-mm in 1984
and 0.86 q/ha-mm in 1985) was significantly higher during
both the years, as compared to 2.5 cm depth (0.69 gq/ha-mm in
1984 and 0.60 q/ha-mm in 1985) and 5.0 cm depth (0.60 g/ha-mm
in 1984 and 0.50 q/ha-mm in 1985), This is in conformity
with views of several workers, who favoured drip irrigation
mainly due to higher yield and water economy (Goldberg et al.
1976 and Doss et al.1980). Much water saving may be achieved
by restricting the water supply to the extent of most
efficient rootzone (Dasberg and Steinhardt, 1974). Water use
efficiency was significantly higher with irrigation at 0.25

IW/CPE ratio (1.26 g/ha-mm in 1984 and 1.08 q/ha-mm in 1985),

as compared to irrigation at 0.50, 0.75 and 1.00 IW/CPE

ratios. This was mainly due to less water use, as compared
to higher IW/CPE ratios. Lin et al. (1983) also observed
higher water-use efficiency under low water regime, as the

degree of stress created was relatively low and decrease in
yield was to a lesser extent, compared to reduction in water-
use. Apart from this, at lower levels of irrigation, plants

probably wused water more economically, when it was limited
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(Viets, 1962; and Lin et al. 1983).

The present investigations clearly brought out .the fact
that, even with irrigation at 0.50 IW/CPE ratio, it 1is
possible to realise higher watermelon yields. Although, both
the growth and yield parameters ’improved with further
increase in the IW/CPE ratio, resulting in higher yields, the
differences were not significant beyond 0.50 IW/CPE ratio.

Interaction effect of cumulative pan evaporation ratios
and method of irrigation, on the fruit yield was significant

only during 1985. There was significant increase in yield

with increase in IW/CPE ratios, under both 2.5 c¢m and 5.0 cm

depth, wunder furrow irrigation. Whereas, there was no such
increase under drip irrigation. This clearly indicated that
even with reduced quantity of water, plants will be able to

perform better under drip irrigation, as compared to furrow
irrigation. It was further observed that wunder furrow
irrigation with 2.5 cm depth, the yield differences were not

significant beyond 0.50 IW/CPE ratio. On the contrary, with

. 5.0 cm depth, the yield increased significantly upto 0.75

IW/CPE ratio. The yield with 2.5 cm depth and 0.50 IW/CPE

ratio, was almost similar to that with 5.0 c¢m depth of

irrigation, applied at 0.75 CPE ratio. Thus, it is evident
that wunder drip system, replenishment of 25 per cent
evaporation losses, resulted in near optimum yields. This

could be obtained with 50 and 75 per cent replenishment of
evaporation losses under furrow irrigation with 2.5 ocm and
5.0 cm depth of irrigation, respectively. With the result,

there is substantial saving in irrigation water to the extent
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of 50 per cent under drip irrigation, as compared to 2.5 cm
and 5.0 <c¢m depth of furrow irrigation. The interval of
irrigation ranged from 18-20 days, with irrigation at 0.25
IW/CPE ratio and 2.5 cm depth, and 35-36 days with 5.0 cm
depth, as compared to irrigation at 1.00 IW/CPE ratio (4—5

days with 2.5 cm depth and 7-8 days with 5.0 cm depth).

Results of practical application:

1. A nitrogen level of 120 to 140 kg per ha, with a plant
population of 16,666 plants per ha (200 cm x 60 cm) 1is
optimum for watermelon to realise higher yields.

2. Drip irrigation with one emitter per two plants and
daily application of water, at the rate of 25 per cent
of pan evaporation,. gives higher watermelon vyields.
This also results in the reduction of° water use énd
increased water-use efficiency, as compared to drip
irrigation, at the rate of 100 per <cent of pan
evaporation. Drip irrigation can be adapted, in case of
scarcity of irrigation water.

3. Furrow irrigation with 2.5 cm depth of irrigation water,
with IW/CPE ratios of 0.50 and 0.75 gives higher yields
of watermelon. Eight to ten irrigations at an interval
of 8 to 12 days are needed, during the crop growth
period.

Future line gi work:

1. A wider range of nitrogen and plant population levels

should be tried, to exploit their interaction effects.
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Critical stages of crop for soil moisture, needs to bhe
identified, to make Dbetter use of limited water
resources.

There 1is a need to find out the optimum soil wafer.
status, at different vertical and horizontal distances

from the base of the plant, for maximisation of yield

and water-use efficiency in watermelon.

Studies on use of mulches in éonjunction with method of

irrigation, is needed to reduce irrigation water

requirements of water melon.
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VI. SUMMARY

The studies on "Response of watermelon to drip and
furrow irrigation under different nitrogen and plant
population levels" involved two field experiments. These
field experiments were carricd out al the Experimental Farm,
Hessaraghatta, Bangalore on sandy clay loam soils, in.
factorial randomised block design, replicated thrice, during
the summer seasons (January - May) of 1984 and 1985. The

summary of these experiments are presented in this chapter.

Experiment I : Effect of nitrogen and spacing under drip and

furrow irrigation in watermelon.

Effect of nitrogen

1, The vine length, wvine girth, number of leaves and dry
' matter production increased, with the increase  in
nitrogen levels upto 180 kg per ha.

2. Leaf area index, 1eéf area duration.. relative growth
rate, net assimilatioﬁ rate and crop growth rate
increased, with nitrogen 1levels upto 180 kg per ha.
However, the increase was marginal beyond 120 kg
nitrogen per ha.

3. The number of male.flowers increased with nitrogen
levels wupto 180 kg per ha and the number of female
flowers increased only upto 120 kg nitrogen per ha.

4. Watermelon yields increased with nitrogen levels upto
120 kg per ha (370 g/ha in 1984 and 345 q/ha in 1985,
respectively), as compared to 60 kg nitrogen per ha

(349 g/ha in 1984 and 308 gq/ha in 1985), an increase of
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nearly 9 per «cent in 1984 and 12 per <cent in 1985.
However, during 1984, the yicld (361 g/ha) decreased
marginally with 180 kg nitrogen per ha, as compared to
120 kg nitrogen per ha.

5. During 1984, the number of fruits'per ha increased from
12,229 with 60 kg nitrogen to 14.333 with 120 kg
nitrogen per ha. During 1985, it increased from 9050
fruits per ha with 60 kg nitrogen per ha to 10,514
fruits per ha with 120 kg nitrogen per ha. The increase
in number of fruits between 120 kg and 180 kg nitrogen
per ha, was marginal.

6. The fruit weight also increased, with the application of
nitrogen (2.6 kg with 60 kg and 3.0 kg with 120 kg
nitrogen/ha, during 1984 and 2.3 kg with 60 kg and 2.8
with 120 kg nitrogen/ha, during 1985). The increase in
fruit weight was less, beyond 120 kg nitrogen per ha.

7. The soluble solids, reducing and total sugars and
nitrate-nitrogen in watermelon juice increased, with
increase in nitrogen levels.

8. The content and uptake of nitrogen, phosphorus,
potassium, calcium and magnesium of watermelon
increased, with increase in nitrogen levels, upto 180 kg
per ha.

Effect of spacing

9. The wvine length and number of leaves were higher with
200 cm row spacing, whereas, the dry matter production

and leaf area were more, with 300 cm row spacing, with
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the same intra-row spacing of 60 cm. However, leaf area
index, relative growth rate, nel assimilation rate and
crop growth rates were higher, with 200 cm row'spacing.
Reducing the row spacing from 300 c¢cm to 200 cm,
increased the fruit yield to an extent of 16 to 19 per
cent (389 g/ha in 1984 and 362 g/ha in 1985 with 200 cm
row spacing and 336 g/ha in 1984 and 303 g/ha in 1985
with 300 cm row spacing).

Although, nitrogen, phosphorus, potassium, calcium and
magnesium contents were slightly higher with 300 cm row
spacing, the wuptake of these nutrients per ha were

invariably higher, with 200 cm row spacing.

Method of irrigation

12.

13.

14.

Drip irrigation recorded higher vine length, number of
leaves, leaf area 1index, relative growth rate, net
assimilation rate and crop growth rates, as compared to
furrow irrigation.

Fruit yield increased by 36 and 32 per cent under drip
irrigation during 1984 and 1985 respectively, (418 g/ha
in 1984 and 379 gq/ha in 1985) as compared to furrow
irrigation (307 q/ha in 1984 and 287 g/ha in 1985).
Fruit number per ha increased from 11,é72 with furrow
irrigation to 14,930 with drip irrigation, during 1934
and from 10,502 with furrow irrigation to 13,840 with
drip irrigation, during 1985. The fruit weight was also
higher wunder drip irrigation (3.0 kg in 1984 and 2.9 kg
in 1985), as comparéd to furrow irrigation (2.6 'kg

during both 1984 and 1985).
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15. The water use under drip irrigation was less (352 mm in
1984 and 377 mm in 1985), as compared to furrow
irrigation (409 mm during both 1984 and 1985).

16. Nitrogen, phosphorus, potassium, calcium and magnesium
contents and their wuptake was higher wunder drip

irrigation, as compared to furrow irrigation.

Experiment II : GStudies on the comparative efficiency of

drip and furrow irrigation systems in water-

melon.

IW/CPE ratio

1. The growth parameters viz., vine length, number of
leaves, dry matter, leaf area index, relative growth
rate, net assimilation rate and crop growth rates were

higher with higher, IW/CPE ratio.

2. The yield was highest with irrigation at 1.00 IW/CPE
ratio (338 qg/ha in 1984 and 310 qg/ha in 1985), as
compared to the lowest with irrigation at 0.25 IW/CPE
ratio (327 g/ha in 1984 and 252 g/ha in 1985).

3. The number of fruits per ha and fruit weight increaéed
with higher IW/CPE ratio.

4. Nitrogen, phosphorus, potassium, calcium and magnesium
contents and their uptake increased, with higher IW/CPE
ratio.

Method of irrigation

5. Drip irrigation with one emitter per two plants recorded
higher vine length, number of leaves, leaf area index,

relative growth rate, net assimilation rate and crop
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growth rate, as compared to 5.0 cm depth, wunder furrow
irrigation. These parameters did not differ markedly
under drip irrigation, with one emitter per plant and
2.5 cm depth, under furrow irrigation.

Fruit yields were higher under drip irrigation with one
emitter per two plants (367 gq/ha 1984 and 314 g/ha 1in
1985), as compared to 5.0 cm depth (269 q/ha in 1984 and
227 q/ha in 1985), under furrow irrigation. However, the
yields were on par with 2.5 cm depth, wunder furrow
irrigation and one emitter per plant, under drip
irrigation.

The yields were higher (nearly by 4% in 1984 and by 2%
in 1985) with one emitter per two plants, as compared to
one emitter per plant, wunder drip irrigation. Furrow
irrigation with 2.5 cm depth resulted in higher yields,
than 5.0 cm depth of irrigation” (an increase of nearly
12% in 1984 and 24% in 1985).

The interaction effects indicated that, with daily drip
irrigation at 25 per cent of pan evaporation, it s
possible to obtain higher yields of watermelon. Whereas,
under furrow irrigation, at least 0.50 and 0.75 IW/CPE
ratios with 2.5 cm depih. were needed to maintain
optimum yield levels. Thus, nearly 50 per cent saving in
water was possible under drip irrigation, as compared to
furrow irrigation.

The water use efficienby was highér wi;h 0.25 IW/CPE

ratio (1.26 g/ha-mm in 1984 and 1.08 g/ha-mm in 1985, as
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compared to 0.52 g/ha-mm in 1984 and 0.44 qg/ha-mm in

1985 with 1.00 IW/CPE ratio).

10. Drip irrigation with one emitter per two plants recorded
higher nitrogen, phosphours, potassium, calcium and
magnesium content and uptake, as compared to 5.0. cm
depth, under furrow irrigation. The variations in
nutrient content and uptake, between drip irrigation
with one emitter per plant and 2.5 cm depth under furrow
Airrigation. were less. Drip irrigation with one emitter
per plant and one emifter per two plants recorded higher
water-use efficiency, as compared to 2.5 cm and 5.0 cm
depth, wunder furrow irrigation.

Based on the results obtained in these field experi-
ments, the following recommendations can be made.

A nitrogen level of 120 to 140 kg per ha, is optimum for
obtaining higher yields of watermelon. A plant population of
16,666 plants per ha (200 cm x 60 cm) is better for yield
maximisation. |

Drip irrigation is highly advantageous from the point of
water economy, higher yields and increased water—ﬁse
efficiency, as compared to furrow irrigation and is very well
suited to areas of water scarcity. Drip irrigation with
daily application of water, at the rate of 25 per cent pan
evaporation, is suitable for recalising higher yiclds. Furrow
irrigation at 0.50 or 0.75 IW/CPE ratio, with 2.5 cm depth of

water can also be adapted for watermelon for higher yields.
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Daily Bvaporation and rainfall data during the crop gruw[h
period, 1984. "
Date Evaporation, mm/day Rainfall, mm
27.01.1984 5.7 -
28.01.1984 6.0 -
29.01.1984 6.7 -
30.01.1984 5.6 -
31.01.1984 5.8’ -
1.02.1984 5.4 -
2.02.1984 5.8 -
3.02.1984 5.6 -
4.02.1984 6.0 -
5.02.1984 5.9 -
6.02.1984 6.1 -
7.02.1984 ' 4.9 -
8.02.1984 4.1 -
9.02.1984 4.2 -
10.02.1984 5.5 -
11.02.1984 5.7 -
12.02.1984 5.7 -
13.02.1984 5.8 -
14.02.1984 2.9 24.0
15.02.1984 1.9 -
16.02.1984 1.6 -
17.02.1984 3.3 -
18.02.1984 4.6 -




Date Evaporation, mm/day Rainfall, mm

19.02.1984 5.7 -
20.02.1984 6.0 -
21.02.1984 6.3 -
22.02.1984 6.3 L -
23.02.1984 6.8 -
24.02.1984 6.5 -
25.02.1984 7.2 -
26.02.1984 6.1 -
27.02.1984 | 6.4 -
28.02.1984 7.4 | -
29.02.1984 9.2 ] -
1.03.1984 8.8 -
2.03.1984 , 8.2 -
3.03.1984 8.0 -
4.03.1984 5.4 10.8
5.03.1984 5.4 26.6
6.03.1984 3.9 -
7.03.1984 4.5 -
8.03.1984 4.5 -
9.03.1984 2.8 -
10.03.1984 6.0 -
11.03.1984 5.6 -
12.03.1984 5.8 -

13.03.1984 4.2 -




Date

Evaporation,

mm/day

Rainfall,

Hi

14.

15

16

17

18

19

20.

21

22

23

24.

25

20

27

28

29

30

31

03.

.03.

.03.

.03.

.03.

.03.

03

.03

.03.

.03.

03.

.03.

.03

.03.

.03.

.03

.03.

.03.

.04.

.04,

.04.

.04.

.04.

.04

.04.

1984

1984

1984

1984

1984

1984

.1984

.1984

1984

1984

1984

1984

.1984

1984

1984

.1984

1984

1984

1984

1984

1984

1984

1984

.1984

1984

26.0




Date

Bvaporation,

mm/day

Rainfall,

nin

10.

11
12

13

14.

15

16

17

18

19

20

21

22

23

24

25

26.

27

28

29

30

.04.
.04.
04.
.04.
.04.
.04.
04.
.04.
.04,
.04.
.04,
.04.
.04.
.04.
.04.
.04.
.04.
.04,
04.
.04
.04.
.04.

.04.

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

1984

.1984

1984

1984

1984




Date vaporation, mm/day Rainfall, mm
1.05.1984 7.3 -
2.05.1984 6.0 -
3.05.1984 7.3 -
4.05.1984 8.4 -
5.05.1984 8.4 -
6.05.1984 7.0 -
7.05.1984 7.0 -
8.05.1984 6.0 -
9.05.1984 7.7 -

10.05.1984 7.7 -

11.05.1984 6.0 ' -

12.05.1984 6.0 -

13.05.1984 7.2 14.4

14.05.1984 7.2 -




APPENDIX - I1

Daily Evaporation and rainfall data during the crop growth
period, 1985.
Date Evaporation, mm/day Rainfall, mm
20.01.1985 5.1 -
21.01.1985 5.3 -
22.01.1985 4.6 -
23.01.1985 5.4 -
24.01.1985 6.0 -
25.01.1985 6.0 -
26.01.1985 6.0 -
27.01.1985 6.0 -
28.01.1985 . 5.4 -
29.01.1985 5.5 | -
30.01.1985 5.6 -
31.01.1985 5.8 -
1.02.1985 5.6 -
2.02.1985 6.0 - .
3.02.1985 6.0 -
4.02.1985 6.0 -
5.02.1985 5.8 -
6.02.1985 5.0 -
7.02.1985 4.0 -
8.02.1985 5.2 -
9.02.1985 3.0 -




Date Evaporation, mm/day Rainfall, mm
10.02.1985 3. -
11.02.1985 3. -
12.02.1985 4, -
13.02.1985 4. -
14.02.1985 4, -
15.02.1985 6. -
16.02.1985 6. -
17.02.1985 5. -
18.02.1985 5. -
19.02.1985 5. -
20.02.1985 4. -
21.02.1985 6. -
22.02.1985 6. -
23.02.1985 6. -
24.02.1985 6. -
25.02.1985 7. -
26.02.1985 6. -
27.02.1985 7. -
28.02.1985 7. -
1.03.1985 8. -
2.03.1985 6. -
3.03.1985 6. -
4.03.1985 6. -
5.03.1985 7. -




Date Evaporation, mm/day Rainfall, mm
6.03.1985 7.2 -
7.03.1985 8.0 -
8.03.1985 8.0 -
9.03.1985 8.0 -

10.03.1985 8.0 -

11.03.1985 8.0 -

12.03.1985 8.0 -

13.03.1985 8.0 -

14.03.1985 8.0 -

15.03.1985 8.0 -

16.03.1985 8.0 -

17.03.1985 6.5 -

18.03.1985 6.9 -

19.03.1985 8.0 -

20.03.1985 6.4 -

21.03.1985 8.0 -

22.03.1985 8.0 -

23.03.1985 8.4 -

24.03.1985 4.0 0.3

25.03.1985 4.0 -

26.03.1985 6.0 -

27.03.1985 6.0 -

28.03.1985 6.4 -




Date . Evaporation, mm/day Rainfall, mm

29.03.1985 | 8.0 -
30.03.1985 6.8 ’ -
31.03.1985 7.6 -
1.04.1985 ‘ 7.0 -
2.04.1985 | 6.0 o 19.2
3.04.1985 7.8 23.0
4.04.1985 7.2 -
5.04.1985 6.2 -
6.04.1985 | 5.4 .
7.04.1985 5.0 -
8.04.1985 5.6 -
9.04.1985 6.0 -
10.04.1985 5.4 -
11.04.1985 5.4 -
12.04.1985 5.8 11.6
13.04.1985 5.9 -
14.04.1985 5.9 -
15.04.1985 | 10.4 -
16.04.1985 4.8 ' 0.8
17.04.1985 8.0 -
18.04.1985 6.9 2.2
19.04.1985 7.0 -
20.04.1985 8.4 -

21.04.1985 8.5 -




Date Evaporation, mm/day Rainfall, mm

22.04.1985 : 4.6 ‘ -
23.04.1985 8.6 -
24.04.1985 6.7 - -
25.04.1985 5.8 - 4.8
26.04.1985 » 6.0 . -
27.04.1985 9.0 -
28.04.1985 9.0 -
29.04.1985 10.0 -
30.04.1985 8.4 - -
1.05.1985 9.4 | -
2.05.1985 . 8.0 -
3.05.1985 | 8.5 -
4.05.1985 8.6 -
5.05.1985 8.5 | -
6.05.1985 8.8 ' 3.8
7.05.1985 6.3 -
8.05.1985 8.0 e -
9.05.1985 8.8 -

10.05.1985 9.3 -
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