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Abstract: In the southern regions of China, it is very hot and relative humidity is high during summer. Similar
conditions also prevail inside the greenhouse. In this experiment, it was observed that when roof ventilations were
closed at noon, the greenhouse temperature could rise as high as 50°C. This resulted in serious plant injury and in
certain cases, death of plants. The investigation is a comparative study of heat stress on cherry tomato (Lycopersicon
esculentum Mill. var.cerasiforme) cultivated in different substrate systems during summer time. The study was
undertaken in a glasshouse from June to September 2007 in Hangzhou (Zhejiang Province). Our objective was to
assess the critical temperature at a precise growth stage, and thereafter propose an appropriate cultivation system
which can mitigate the thermal stress during summer. Growth was markedly related to the growing medium; the
effect of temperature was less noticeable at seedling stage. Highly significant differences in the leaf expansion with
temperature were noticed, stressed tomato plants showed a significant decrease in leaf area. High temperatures
critically affected the plant development especially during flowering stage.
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1. Introduction

In regions of south China, during summer it is very hot and relative humidity is very high. Various

cooling systems are applied in order to reduce the high temperatures, and in certain instances, production
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may even be suspended during this period. Nowadays, tomatoes are available at the market everyday, but
the price changes dramatically and the season consumption correlates to the market price. Plants are capable
of responding rapidly to changes in environmental factors particularly temperature.

Temperature is one of the determining factors, for plant growth, and is one of the major
environmental constraints affecting photosynthetic efficiency and limiting the yield of crop plants (Bose et
al, 1999). In recent years, many studies have focused on temperature that can maximize production and
minimize the growing period (Stanghellini, 1999, Abou-Hadid, 1999, Newton, 2000). Other studies have
been concerned with the effects of temperature on nutrient uptake (Papadopoulos et a/, 2000, Ymeri, 1999).
Other reports were related to the impact of temperature on the quality of production, and yield (Limonse et
al, 1999, Schwartz, 1999). Further studies by Ferris et al (1998), Massai et al (2000), Bunce (1999) were
focused on the recovery process after an environmental stress along a precise period. Although most of the
studies have been aimed at understanding the yield responses to extended periods of moderately high
temperature, short periods of very high maximum temperature also occur frequently in many parts of the
World. The responses of each of these thermal regimes may be substantially different and experimentation
using very high temperatures must be conducted.

The aim of our research was to study the effects of high temperature regimes on cherry tomato
plants cultivated in different cultivation systems at different growth stages.

The investigation is a comparative study of heat stress on cherry tomato cultivated in different substrate
systems: soil, peat moss, peat/perlite (3/2), perlite and a NFT (Nutrient Film Technique) during summer

time. The study was undertaken in a glasshouse from June to September 2007.

2. Materials and Methods

The experiment was carried out in Hangzhou, the Institute of Agriculture and Bioenvironmental
Engineering (Zhejiang University-China). The main object was to evaluate the tomato plant’s reaction to
temperature stress during summer time. Thirty five days after sowing, the plants were about 6-10 cm in
height. Tomato seedlings at 5 to 7 true leaves were transplanted in pots with appropriate growing medium:
Soil, peat moss, peat/perlite (3/2), perlite. Another soilless culture was the Nutrient film Technique
(recirculation system) with 10 plants in each room. The NFT timer was set at a 1:2 minutes interval. Plants
were selected for uniformity prior to treatments as described below for all subsequent experiments.

Each treatment unit (pot) was replicated 4 times and each experimental unit had 4 plants. Thereafter
the plants were moved to the three identical glasshouse rooms at different temperature regimes (as

treatments): Room-1 for 25/20°C (day/night temperature), Room-2 for 35/25°C (The maximum temperature
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was maintained for 6 hours) and Room-3 for > 35°C / >25°C. In room-3, when day temperature was about
40°C, it was only maintained for 2 hours maximum. Measurements, observations or analysis done were for
the vegetative period and the flowering period.

All the parameters (temperature, relative humidity, dioxide carbon) necessary to compute gas exchange
were continuously recorded at 10 minutes interval using a computerized climate control system. Plant height
was measured every two-weeks. It was determined as the average of the 4 plants from each growing medium.
Internodes length was also measured. Growth rate was assessed by measuring stem height periodically. Leaf
area was determined using a portable area meter (Brand: Li-Cor, Model: Li-3000, Origin: USA). It was
determined four times during the vegetative stage on five fully expanded leaves. The Ec and pH of the
nutrient solution was measured using the Ec meter (Hanna Instruments, HI 9033 Multi-range conductivity
meter) and the pH (Hanna Instruments, HI 9024 microcomputer, pH meter) meter respectively. The
measurements were done at a four-day interval for the recirculation system from the three rooms and for the
tank. The feeding solution was prepared and kept in the tank. The Ec and pH were kept at 6.9mS/cm and
6.2 respectively. The nutrient solution was stirred regularly and renewed after each ten-day period. The
plants were watered daily at dawn and in the late afternoon.

The trail was a factorial completely randomized design. The data were analyzed statistically using the
SAS system (1996), general linear model procedure. The means difference were analyzed using the DPS

2000.
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Fig. 1 Nutrient Film Technique design

3. Results and Discussion

Environmental Conditions

During day time, temperature, relative humidity and the CO, were recorded daily over a period of two

weeks. In room-1, the daily temperature was in the range of 20.5°C to 27.2°C. The lowest temperatures were
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observed in the early morning (20.5°C), there after temperature increased rapidly and was as higher as 25°C
from 9 o’clock to 17 o’clock. In spite of the cooling system being applied, the temperature reached 27°C at
midday (12-13 o’clock). Temperature was decreased gradually in the late afternoon. In room-2, temperature
varied from a minimum of 23.7°C early in the morning to a maximum of 36.6°C around 12 o’clock
(At=12.7°C). From 9:30 to 15 o’clock, temperature exceeded 35°C. It was gradually decreased to 26.8°C by the
end of the day (19 o’clock). In room-3, the situation was analogous with the other rooms, with the minima
temperatures in the early morning (24.3°C), and the maxima temperatures at midday (44.2°C), followed by
an abrupt decrease in temperature down to 28.6°C. We recorded a temperature difference of about 20°C a
day (At=19.9°C). Day (1998) pointed out that condensation was found to occur predominately in the early
morning as the sun rose, leading to an increased transpiration rate and accompanied by an increase in
greenhouse temperature.

Relative humidity (RH) was highest in the morning (85.08% in room-1, 78.02% in room-2, 75.68% in
room-3), and it was lowest at midday (35.14% in room-1, 31.38% in room-2, 27.38% in room-3). There
after, it was gradually increased in the late afternoon; but didn’t reach the morning levels. These observations
were similar in all the rooms. The daily difference RH was; in room-1: ARH=49.9%, in room-2: ARH=46.64%
and in room-3: ARH=52.3%. Leonardi et al (2000) reported that high temperature in the greenhouse and low
humidity outside can determine an increase of VPD (Vapor Pressure Deficit) in the greenhouse. The most
obvious effect of very low humidity on open air crops is to induce leaf water stress when uptake of water
through the root system is inadequate to cope with high transpiration rate. Takakura (1994) pointed out that
higher humidity will promote stomata opening, if other factors are not constraining. Humidity affects the
opening of stomata which are gates of carbon dioxide flow.

In contrast, the variation of the Carbon dioxide (CO,) concentration was not as regular as RH and
temperature. The concentration was in the range of 727 to 550 ppm (ACO,=177 ppm) in room-1, 488 to 817
ppm (ACO,=339 ppm) in room-2 and 508 to 700 ppm (ACO,=198 ppm) in room-3. The concentration was
decreased gradually from early morning until the early afternoon, after which there was a slight increase until
evening. In the early morning, the concentration was 817 ppm, 727 ppm and 700 ppm respectively in room-2,
room-1 and room-3. In the same, when the temperature reached 42-44°C, the relative humidity decreased by
about 20%, and the CO, was less than 500ppm. It appears that as the temperature increases the relative
humidity and the CO, decrease gradually. Gas exchange in the three rooms is dependent on the three
physiological processes: photosynthesis, respiration and evapo- transpiration. Evapo-transpiration is more
effective by daytime when the temperature is relatively high. Photosynthesis, under the right range of

temperature, is markedly active by day when other conditions are fulfilled (light, CO,, H,0), with a relatively
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elevated consumption of CO,. From our study, the level of RH and CO, was very high in the early morning
in all the rooms, and in spite of the decrease in temperature in the late afternoon, the morning levels of RH and
CO, were not attained. Our results were in accordance with Rosenberg et al (1983), who reported that the daily
pattern of air temperature describes a sine curve, with the minimum normally occurring in the early morning
hours near sunrise and the maximum occurring sometimes after the peak of solar and net radiation has been
reached. Mastalerz (1977) suggested that the respiration rate continues to increase with the rise of temperatures,
whereas photosynthesis increases with temperature up to a certain threshold, a point at which radiant energy or
the concentration of CO, probably becomes limiting.

At night, compared to the daily change, temperature didn’t vary very much at night (Fig-3). It was slowly
decreased from 29.4 to 25.8°C (At=3.6°C) in room-3, from 26.1 to 24°C (At=1.9°C) in room-2 and from 21.3
to 20°C (At=1.3°C) in room-1. In contrast, the relative humidity (RH) was increased faster in room-1 than in
the other rooms. The variation was from 68.1 to 85.02% (ARH=16.92%) in room-land was 64.9 to 78.2%
(ARH=13.12%) and 61.07 to 75.68 (ARH=14.61%) in room-2 and room-3 respectively. The curve was
almost similar for room-2 and room-3. CO, concentration was increased with time (at night); from 661 to
727ppm (ACO, =66 ppm) in room-1, 611 to 817 ppm (ACO, =206 ppm) in room-2 and 634 to 700(ACO, =66
ppm) ppm in room-3. However, the concentration was highest in room-2, followed by room-1 and lastly room3.
Mastalerz (1977) reported that during the night, CO, accumulates as a result of plant respiration. At night,
there is a loss of CO, from the soil to the atmosphere. The crop continues to respire but at a reduced rate

because of lower temperatures.

Effects of Temperature on Other Environmental Factors

In our study, there was a negative linear relationship between temperature and RH, and also between
temperature and CO, in all the rooms. However, that relationship was higher for RH than for CO,. The
regression coefficients for RH are (r*) 0.8947, 0.9539 and 0.9729 for room- 1, room-2 and room-3
respectively. Conversely for CO,, the regression coefficients are decreasingly smaller from room-1, to
room-3. They are 0.786, 0.725 and 0.668 for room-1, room-2 and room-3 respectively. (Fig-2). In addition,
it appears that in room-3, when the temperature abruptly exceeded 42°C the consumption of CO, ceased
earlier than in room-2, when temperature was maintained around 35°C. We can assume that this is related
to the photosynthetic activity which is limited by the temperature. This conforms to the findings of Ferris et
al (1998) whereby stomata of well-watered plants tended to remain open over a wide range of temperatures,
while an abrupt increase in temperature, caused the stomata to close. But, in our study we were not able to

determine the precise temperature at which photosynthesis ceased. Pasterres et al, (1998) suggested that
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maximum CO, assimilation was observed in the morning in control plants and in stressed plants, decreasing

during the afternoon, but in stressed plants that decrease occurred faster than in control plants.
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Fig. 2 Effects of temperature on other environmental factors
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Harvinder et al (1999), reported that the changes in temperature regime from 30/25 to 40/25°C affected
the net photosynthesis rate, transpiration rate and intercellular CO, concentration.

Herppich-WB (1996) noted that during the course of a day the combination of increasing leaf water
deficit, high temperature, high water vapour deficit of the air and high radiation load seriously disrupted

carbon metabolism.
Effects of Temperature on Growth and Development

Growth is described here as the stem elongation, the number of branches per plant (internodes length),
the number of leaves and their leaf area. As we are concerned with the first two development stages: the
vegetative period and the flowering period, our attention focused on the time to flowering and flower

expansion until first fruiting.
Stem Elongation

The length of the stem is the average plants’ height for each growing medium in each room. From the
DAS 34 to 48, there was no difference in stem elongation. Our results showed from DAS 62 that the stem
elongation was slightly higher in room-2, where the daily average temperature was around 35°C than in
the other rooms, regardless of the growing medium (Table. 1). The same situation prevailed until the
beginning of the flowering period. When appeared the first fruit (DAS99), in room-1, the plants were
stronger and taller than those in the other rooms. In addition, the temperature regime of more than 35°C
negatively affected the stem length; stem length was the lowest in room-3 regardless of the growing medium.
Our observations are analogous to those of Sorrentino et al (1997), in which temperature appeared to be the
principal factor influencing growth and differentiation. From DAS 48, we found a highly significant effect
caused both by temperature and growing media as well. The analysis of variance also showed that the
interaction between temperature regime and growing media on stem elongation was significant from DAS
77. Moreover, Rahman-SML (1998) reported that high temperature regime significantly reduced yield,
pollen germination percentage, shoot and root dry weight. However, we can not confirm the study of

Ohta-K et al (1999) in which the growth of cherry tomatoes was not related to temperature or light intensity.
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Table. 1 Stem elongation during tomato growth in different substrate systems under different temperature regimes.

DAS Treatment Soil Peat P/P Perlite NFT

34 R-1 7.25(0.95)a 7.75(1.5)a 7.75(0.95)a 8(1.41)a 8.25(0.95)a
34 R-2 8.25(0.5)a 7.75(1.5)a 7.75(0.95)a 7.5(1.29)a 7.75(0.95)a
34 R-3 7.5(1.9)a 7.5(1.29)a 7.5(1.29)a 7.25(2.06)a 7(1.41)a

48 R-1 37.7(4.03)a 26.5(6.8)a 31.5(6.9)b 22.75(2.3)a 28(3.9)b

48 R-2 41(9.05)a 29.5(7.7)a 45.5(5.8)a 24.7(4.9)a 34.5(4.5)a
48 R-3 27.7(6.8)b 20.7(4.11)a 27.7(6.1)b 21.7(1.5)a 26.7(0.9)b
62 R-1 68.5(9.9)b 43.7(12.1)b 56.2(8.8)ab 61.2(8.5)b 57.2(10.2)ab
62 R-2 79.2(9.2)a 49.2(11.8)a 60.7(5.3)a 66.5(4.1)a 59.5(7.9)a
62 R-3 62(10.4)c 40.2(8.6)b 49.2(11.3)b 52.7(7)c 55.2(8.9)b
77 R-1 104.5(14.9)a 72(15.2)ab 89.2(14.1)a 105.5(9.7)a 72.7(11.4)b
77 R-2 110.7(15.6)a 79(6.6)a 93(14.9)a 106.2(9.7)a 91.7(5.2)a
77 R-3 101.5(11)a 62.7(10.7)b 76(15.7)a 105.5(9.7)a 72.2(11.4)b
99 R-1 149.2(5.3)a 114(16.6)a 140(11.1)a 134.2(5.2)a 201.2(17.4)a
99 R-2 129(14.4)b 104(20)ab 137(14)ab 131(14.7)a 155.5(17.9)b
99 R-3 116.5(13)b 85.2(6.3)b 115(26.5)b 129(13.1)a 135(32.3)b

*Different letters: significantly different at p= 5% (DMRT)

*The values in parentheses represent the Standard deviation of the means.

*The unit is “cm”

Our observations could neither confirm the results of Incrocci-L (1999) which suggested that in tomato,
stem elongation is controlled by light quality during the day, nor the report of Paez- A (2000) that plant
height and leaf area increased in the shade and total biomass decreased under full sunlight. In our study, in
room-1-the less heated stress-the plants’ height was higher than in the room-2 and room-3. These
observations are similar to the findings of Grindal (2000), Langton (1999), who also reported that vegetative

growth was affected by day /night temperature regimes.
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Internode’s Length

From the 34™ to the 48™ after sowing, the stem internodes were almost the same in all treatment
(Table. 2). From the 62™ day to the 99" day, the stem internodes were relatively shorter in room-1 than
in room-2 and those in room-2 shorter than those in room-3. The difference in stem internodes seems to
be connected to the daily temperature regimes. Plants subjected to a stronger thermal stress developed
longer internodes. Our results confirm those of Takezaki et al (2000) who reported that shorter stem length
at high temperature conditions was due to the small number of nodes. The number of nodes decreased
and the average internodes’ length increased when plants were grown at high temperature conditions.
Langton-F. (1997) reported that day temperature had a large influence on internode’s extension in tomato,
but night temperature had relatively less effect; and observed that, the DIF (Day temperature/night
temperature difference) is a significant factor in determining stem extension responses. The stem elongation
pattern can be characterized by internodes number and internodes length, which varies with temperature
(Junne-Jih et al, 1999). Our results also showed that the difference in internode’s length was increasingly
higher with the plant growth and the minimum stem elongation in room-3 with the highest daily
temperature regime.

Weaich (1996) suggested that under diurnally varying temperature conditions, the major impact of high
temperatures on shoot growth was due to a severe reduction in the first internode’s growth rate, which
was correlated with the day maximum temperature.

We noticed that the internode lengths are decreased progressively from the Nutrient Film Technique
(NFT), soil, perlite, peat/perlite to peat respectively. The reasons for the decrease are still unknown. The
report of Petrevska-Katarzyna et al (2001), Yang-SeungKoo et al (1999) and Logendra-LS (1999) suggested

a close influence of the substrate system on the plants’ growth and development.



10 The Effects of High Temperature Regime on Cherry Tomato Plant Growth and Development When
Cultivated in Different Growing Substrates Systems

Table. 2 Internodes length during tomato growth in different substrate systems under different temperature

regimes
DAS Treatment Soil Peat P/P Perlite NFT
34 R-1 2.4(0.4)a 2.8(0.3)a 2.5(0.4)a 2.4(0.4)a 2.6(0.6)ab
34 R-2 2.8(0.7)a 2.6(0.4)a 2.2(0.1)a 2.5(0.3)a 2.8(0.5)a
34 R-3 2.5(0.3)a 2.8(0.5)a 2.5(0.3) 1.9(0.2)b 1.9(0.2)b
48 R-1 6.2(0.3)a 4.6(0.5)a 5.2(0.3)b 4.1(0.3)a 5.1(0.3)a
48 R-2 6.4(0.6)a 4.7(0.7)a 6(0.6)a 4.4(0.4)a 5.5(0.6)a
48 R-3 5.5(0.5)a 4.6(0.5)a 4.9(0.5)b 4.8(0.4)a 5(0.3)a
62 R-1 6.6(0.4)b 5.4(0.4)b 5.5(0.5)a 5.2(0.3)a 5.9(0.7)a
62 R-2 7.2(0.6)ab 5.7(1.4)b 5.8(0.9)a 5.8(0.3)a 6.1(0.3)a
62 R-3 8.1(0.5)a 6.9(0.9)a 6.2(0.2)a 5.9(0.2)a 6.3(0.1)a
77 R-1 8.5(0.1)b 7.1(0.5)a 7.6(1.2)a 8.1(0.6)b 6.6(0.1)b
77 R-2 9.8(1)a 7.9(1)a 7.8(0.8)a 9(0.7)ab 6.8(0.3)b
77 R-3 10.7(0.7)a 8.6(1.1)a 8.1(1.4)a 9.3(0.3)a 8.5(0.3)a
99 R-1 8.7(0.6)b 7.9(0.6)b 9.6(0.8)a 8.9(0.8)a 10.4(1.3)c
99 R-2 9(0.5)b 9.4(0.6)a 10.1(0.2)a 9.5(0.4)a 12.4(1.1)b
99 R-3 12.5(1.1)a 10.3(0.8)a 10.3(0.7)a 9.6(0.3)a 15.7(0.6)a

*Different letters: significantly different at p= 5% (DMRT)
*The values in parentheses represent the Standard deviation of the means.

*The unit is “cm”

Until DAS 62, we didn’t statistically notice any significant effect of the interaction between
temperature and growing media on stem internodes’ length. Thereafter, from DAS 77, the effect of the
interaction was found significant. We also noticed highly significant differences in stem internodes’ length

caused independently both by temperature and by growing medium.
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Prasad-M et al (2001) reported that the reasons for the influence of growing media on plant
development are related to their media structure and physical properties to suit prevailing climatic
conditions. In this study, the plants were watered adequately to insure that plants did not suffer any water
stress. We conclude that the stem internodes growth is affected by the temperature regimes as well as by

the growing media.
Leaf Expansion

The leaf expansion was considered as another criterion for vegetative growth. Determination of leaf
area was based on the five fully expanded leaf from each pot, taken five times during the vegetative period
(34, 41, 48, 55 and 62 DAS).

In room-1, where the temperature regime is about 25/20°C (day/night temperature), the leaves were
more expanded than in room-2 and room-3. In room-3 (>35/>25°C), the plants had the smallest leaf area.

Our results (Table. 3) confirm those of Torrecillas et al (1994) who found that stressed tomato plants
showed a significant decrease in leaf area, without reduction in leaf dry weight. In contrast, Stanghellini
et al (1998), didn’t find any significant difference between climate treatments, neither with respect to the
leaf expansion, nor to the leaf area. In our study, in spite of different temperature regimes, there was
slight difference in average leaf area in room-2 and room-3. A general linear model analysis (ANOVA)
was used to test whether temperature, growing media, or their interaction affected the leaf area. In our
study, the interaction of temperature and growing medium on leaf area had no significant effect. However,
highly significant differences in the leaf expansion with temperature were noticed. These differences were
independently caused by growing media and by temperature regimes. A significant difference caused by

temperature regime was also detected by Duncan’s Multiple Range Test.

Table. 3 The effect of temperature regime on leaf area (cm?).

Treatment Growing media

Soil Peat Peat/Perlite Perlite NFT
Room-1 21.40(6.99)a 10.72(3.51)a 13.25(5.48)a 19.77(3.08)a 25.8.58(8.58)a
Room-2 11.26(0.45)b 5.83(1.36)b 6.935(1.37)b 9.19(1.50)b 10.98(2.27)b

Room-3 9.28(1.87)b 4.30(0.72)b 6.85(1.23)b 7.78(1.10)b 8.34(1.90)b
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Table. 4 The effect of growing media on leaf area. (cm®)

Growing media Treatment

Room-1 Room-2 Room-3
Soil 21.40(6.99)a 11.26(0.45)a 9.2891.87)a
Peat 10.729(3.51)c 5.83(1.36)c 4.30(0.72)c
Peat/Perlite 13.25(5.48)bc 6.93(1.37)bc 6.85(1.23)b
Perlite 19.77(3.08)ab 9.19(1.50)ab 7.78(1.10)ab
NFT 25.46(8.58)a 10.98(2.27)a 8.34(1.90)ab

*Different letters: significantly different at p= 5% (DMRT)
*The values in parentheses represent the Standard deviation of the means.

*The unit for leaf area is “cm?”
Temperature Regime and Reproductive Growth Stage

In this study, we focused on the period from the first flower to the first fruiting for each room and for
each growing media.

The first flower appeared on DAS 68 in room-1, followed by room-2 after DAS 73 and lastly after DAS
78 in room-3. The relatively short delay in first flowering between the rooms may be related to the heat
stress which is higher from room-1 to room-3 respectively. Heat stress adversely affects the vegetative and
reproductive growth processes of tomato plants. (Aref et al, 1995). According to Saucer (1998), it has been
observed that when temperature only affects the length of time at which the plant reached flowering, the
plants respond with changes in their development rate depending on changes in air temperature.

From our observations, the emergence of the first flower was noticed in pot-soil, (used as a substrate
system) in all the rooms. It was followed by peat/perlite, perlite, peat and NFT respectively.

As the flowering period started, the flower expansion and number of flowers per plant increased rapidly
in all the rooms. In room-1, after two weeks, all the plants in soil and peat perlite had a minimum of five
expanded flowers. That situation was similar in room-3 after three weeks. We noticed that in room-3, the

full completion of flowering was delayed compared to the other rooms.
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We can conclude that, the heat stress applied did not seriously affect either flower initiation or flower
multiplication; however, the flowering period was more adversely affected than flower initiation and
multiplication.

In room 3, the wilting of the leaves was followed by the loss of the flowers. Even after watering,
though the leaves recovered, the flowers did not. This situation was similar in room- 2 and in room-1,
though with less significance. In tomato, growth chamber and greenhouse studies suggest that high
temperature is most deleterious at the time the flowers are first visible and the sensitive stage continues
for 10-15 days (Willits et al, 1998). Lohar (1998) suggested that a tomato heat sensitive cultivar produced
only flowers which aborted at 38/270C day/night temperature. Generally the higher the temperature, the
higher is the percentage of abortion (Kinet et al., 1985).

In this study, after 40 days from first flower emergence (DAS 104), in room-1, a limited number of
fruits appeared; in room-2, there were only 2 fruits from the plants in soil as a substrate system. No fruits
were obtained from room-3. Our observations showed a drastic effect of heat stress on fruit set. The level of
affection was related to the temperature regime applied.

Possible reasons for poor fruit set in tomatoes at high temperatures include: direct effects on pollen
and other reproductive tissues, low level of carbohydrates, and hormonal imbalances (Kinet et al, 1997).
Borbora et al, (1997) reported that low pollen production and viability and style exsertion are the major
causes for low pollination and fruit set at high temperature. Deleterious effect of high temperature on the
processes related to fruit set are not restricted to pollen germination and tube growth, ovule viability is also

sensitive to high temperature (Song et al, 1999).
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Fig. 3 Effects of temperature regime on flowering

The night temperature is important for fruit set (Borbora et al, 1997). Although tomato can grow under
a wide range of climates, fruit-set is interrupted above 29/20°C day/night temperatures (Lohar, 1998). Willits
et al, (1998) reported also that the high night temperatures during fruit set can limit tomato production in
greenhouses in warm climates. In our study, the average night temperatures were varied from 20 to 22°C in
room-1, from 24 to 26°C in room-2 and from 25 to 29.5°C in room-3, therefore, the night temperature was not

favorable for fruit set in all of the rooms.

4. Conclusions

There was a negative linear relationship between temperature and relative humidity, and also between
temperature and CO; in all the rooms. It is therefore very difficult to assess the effects of high temperatures
on plants if it is considered independently.

Growth, expressed in terms of stem elongation and internode’s length was markedly related to the
growing medium; the effect of temperature was less noticeable at seedling stage. Stem elongation and

internode’s length decreased progressively from NFT, soil, perlite, and peat/perlite to peat respectively.
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Highly significant differences in the leaf expansion with temperature were noticed, stressed tomato

plants showed a significant decrease in leaf area. However, leaf expansion was independently affected by

growing medium and temperature regime applied.

High temperatures critically affected the plant development especially during flowering stage. The fruit

set was seriously compromised, and high numbers of aborted flowers were observed at temperatures higher

than 35/25°C (day/night temperatures). However, flower initiation and multiplication were less affected.

Growers should be cautious to ensure that the flowering periods do not coincide with the hottest months of

the year.
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