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Control of Diurnal Night Temperature on Watermelon
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Abstract

In winter, most of the energy for a greenhouse crop is supplied during the
night. Since watermelon is grown under high night temperature, the experi-
ments were set up to investigate night temperature influence on watermelon in
order to obtain the best economic output.

Day temperatures ranged from 25C and 30°C; night temperatures ranged
from 20T to 30C at 5C interval. Two cultivars of watermelon(Citrullus vul
garis S. ‘Binna’ and ‘Kamro’) treated with 30/30°C yielded maximun leaf areas,
flowers and leaf numbers. 30(14h)/25(10h)°C or 30(12h)/25(12h)C grown
plants had higher germination ratio and more dry weight and chlorophyll than
those of 30/30°C which were the highest temperature integral. Although 25/25
C and 30/20°C regime are same average temperature, the growth of watermel-
ons at 30/20°C was significantly higher than 25/25°C. 'Binna’ was growing
more than 'Kamro’ at the same temperature. Leaf area ratio(LAR) was re-
duced with increasing DIF temperature from 30/30°C to 30/20°C, but leaf
weight ratio(LWR) was increased.
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Introduction

New control systems that will provide bet-
ter plant growth conditions with low energy
use are being developed and marketed'®'".
Setpoint for temperature in greenhouse crops
can be adjusted continuously in order to ob-
tain the best ecomomic output®53!®1"  Tradi-

tional greenhouse crops are cultivated with
the day temperature somewhat higher than
the night temperature'’. In Mediterranean
countries, 90% of the consumed energy in
greenhouse is consumed during the night by
the heating system. Langhans et. al'®.
showed for lettuce the efficiency of "sliding’,

or averaging night temperature, as a method
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of energy saving in the greenhouse.

However, night temperature control is an
important cost factor and at the same time,
it also has a great effect on crop growth
and development*®. We investigated the in-
fluence of diurnal night temperature on the
growth rate of watermelon.

Materials and Methods

Two cultivars of watermelon seeds(
Citrullus and 'Kamro’)

were germinated for 10 days in 25°C growth

vulgaris  S. 'Binna’

chamber in 6 inch plastic pots filled with
universal soil. The seed collection was made
on September 1994. Temperature was set to
be either 30°C or 25°C days, and either 30
C, 25°C or 20°C nights. After germination,
alternating temperatures were obtained by
transfering the plants manually everyday of
climated greenhouse. Germination tests were
performed at temperatures regimes of 30/30
‘Cc 30/25°C, 30/20°C and 25/25C for 10
days. The estimate of the total and average
temperature was determined as previously
published®:

DIF 5= (Day temperature= 30(12h)TC;
Night temperature= 25(12h)C)

Total temperature: (30C x 12h x 30d)+
(25C x 12h x30d)= 21,600C

Average temperature: Total temperature/

(30d x 24h).= 275C

DIF= Day temperature — Night temper-
ature

Growth measurement of dry weight, leaf
areas, leal numbers, flower numbers and
chlorophyll contents were obtained at 30
days after treatment. Plants were dried in
forced—draft oven at 70°C for 48h". After
chlorophyll extracts were made in 4 ml of
80% acetone using leaf discs for each sam-
ple, concentration of chlorophyll was
caculated using by Beer’s law".

Results and Discussion

Temperature control nearly always has the
highest priority, above the control of other
growth factors like humidity and CO, In
greenhouse plant production energy may be
saved if decrease in growth by low night
temperature is compensated for by a rise in

day temperature®!®!-1219,

In this point of
view, setpoint for night temperature can be
used to guide cultural practices to minimize
energy use.

The optimum temperature regime for ger-
mination of ’binna’ and ’kamro’ were 35/25
C and 25/25°C, at which 65.0% and 50.0%
more of the seeds, respectively, germinated

than the other treatments(Table 1).

Table 1. Percentage germination of watermelons at different alternating temperatures after 10

days.
Day Tem.(C) 25(12h)* 30(12h) 30(12h) 30(12h)
Night Tem.(C) 25(12h) 20(12h) 25(12h) 30(12h)
Binna 35.0%¢ 47.5b 65.0a 32.5¢
Kamro 50.0a 40.0b 42.5b 25.0c

‘Mean of 40 observation

*Mean separation within rows by Duncan’s multiple range test (p=0.05)
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Table 2 shows that the leaf area and
number of leaves increased throughout both
day and night temperature. The 30/30°C
treatment produced maximum leaf area and
number of leaves, which were higher with
high temperature integral, while maximum
mean area per leave occurred under the 25/
257C treatment.

Relative growth rate(RGR) can be sepa-
rated into net assimilation rate(NAR) and
leaf area ratio(LAR)®. Changes in RGR
due to temperature regime are mainly
caused by changes in LAR. LAR, LWR and
RGR are growth parameters based on a dry
weight interval instead of a time interval®”.
Total dry weight of watermelons were the

Table 2. Effect of different treatment with alternating periods with night temperature on leaf
areas(Means +SE) and number of leaves of watermelon.

Day/night Average Kamro Binna

Temp.(C) Temp.(C) Leaf area NL MLA Leaf area NL MLA
30(12h)/30(12h) 30.0 586.5+15.6 26.5 22.2+1.2 620.5+22.5 335 185+0.7
30(14h)/25(10h) 27.9 575.4 +£46.4 22.0 26.2+1.5 615.7+20.2 27.3 22.5+0.9
30(12h)/25(12h) 27.5 549.5+43.3 20.1 27.3+1.9 614.0+21.4 261 235%t1.1
30(10h)/25(14h) 27.1 501.0+£35.8 16.8 30.2+1.8 553.7+185 22.1 25.1+1.8
30(12h)/20(12h) 25.0 416.8+28.1 14.6 29.4+2.0 500.0+17.8 19.5 25.7+1.7
25(12h)/25(12h) 25.0 373.8+31.3 10.5 35.6+2.5 439.3+£15.6 12.0 36.6+2.5

Leaf area(cm?), NL:No. of leaves, MLA :Mean area per leaf(cmz)

lowest at 25/25°C and increased with tem-
perature integral, the maximum occurring at
30(12h)/25(12h)C(‘Binna’) and 30(14h)/25
(10h) C(‘Kamro’). Also, LAR increased with
increasing night temperature from 30/20°C
to 30/30°C. But high night temperature(30/
30°C) reduced dry weight and leaf weight
ratio(LWR) of watermelons, as compared to
30/25°C.

Presumably, high  night temperature
resulted in loss of respiratory CO, which re-
duced dry weight accumulation. Although 30
/20°C and 25/25°C are same temperature in-
tegral, leaf area, dry weight, chlorophyll con-
tent and number of flowers were always
lower at 25/25°C than 30/25°C in watermel-
ons. This agrees well studies of Heuvelink®

showing that the effect of different tempera-

ture regime at the same temperature integral
was the same or greater as for dry weight
and leaf area.

Total chlorophyll at 30/20C was 1.7%
(‘Binna’) and 4.6 % (‘Kamro’) higher than 25
/25°C at the same temperature integral.
Chlorophyll content and number of flowers
were lower in those watermelon exposed to
the 10 hour photoperiod than the watermelon
grown under the 14 hour photoperiod at 30/
25°C. The number of flowers were the high-
est at 30/30C and decreased with decreas-
ing temperature integral. This experiments
suggested that the growth of watermelon
was affected in the different temperature
variation rather than in the same tempera-
ture integral. For instance, when the influenc-
es of temperature regime for watermelon are
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Table 3. Effect of different treatment with alternating periods with night temperature on dry

weights(Means +SE), leaf area and leaf weight ratios of watermelon.

Day/night Average Kamro Binna

Temp.(C)  Temp.(C) DWT LAR LWR DWT LAR LWR
30(12h)/30(12h)  30.0 2.27+0.23  0.258 0.517 2.57+0.15  0.241 0.495
30(14h)/25(10h)  27.9 2.38+0.24  0.242 0532 259+0.15  0.238 0.540
30(12h)/25(12h) 275 2.25+0.24 0.244 0.520 2.70+0.14 0.227 0.544
30(10h)/25(14h)  27.1 2.056+0.21 0.244 0.517 2.45+0.13 0.226  0.531
30(12h)/20(12h)  25.0 1.73+£0.20 0.241 0.587 2.22+0.14 0.225  0.551
25(25h)/25(12h)  25.0 1.45+£0.15 0.258 0.589 2.16+0.16 0.203 0.507

DWT:dry weight(g), LAR;Leaf area ratio(leaf area/DWT:cm’mg~'), LWR:Leaf weight ratio
(total dry weight of leaves/total dry weight of plants)

Table 4. Effect of different treatment with alternating periods with night temperature on chlo-

rophylis(Means+SE) and number of flowers in watermelon.

Day/night Average Kamro Binna

Temp.(C) Temp.(C) Total chl. No.flower Total chl. No.flower
30(12h)/30(12h) 30.0 44.9+1.0 5.3 474+1.8 9.8
30(14h)/25(10h) 27.9 454+1.0 3.0 48.1+1.5 7.8
30(12h)/25(12h) 27.5 44.2+0.8 2.8 47.7+t14 6.0
30(10h)/25(14h) 27.1 40.5£0.9 2.0 455+1.0 4.8
30(12h)/20(12h) 25.0 42.8+1.0 2.0 475+1.5 4.0
25(12h)/25(12h) 25.0 40.9£1.2 1.5 46.7+14 3.0

compared, 30/25°C or 30/20°C were more ef-
fective than at either 30/30°C or 25/25C in
yield and energy saving, respectively.
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