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Pointed gourd (Trichosanthes dioica Roxb.) is a dioecious cucurbit vegetable and fruit is the main
edible part. In this experiment, we elucidated the flowering time temperature variations effect on the flow-
ering habit, fruit yield and pollen germination ability under glasshouse and open field conditions. The high-
est number of female flowers (32.3), harvested fruits (29.6) and fruit weight (53.3 g) were found in 16-30
June with average day/night temperature 27.1/23.9°C in the glasshouse cultivation. Though, the number of
female flowers were high (24.0) in 1-15 August (30.8/27.5°C), but harvested fruits (13.6) and fruit weight
(46.0 g) maximum in 1-15 July (29.1/26.7°C) and 16-30 June (25.2/22.2°C) in open field condition. On the
other hand, the highest number of male flowers was produced in the glasshouse (51.6) and open field (35.0)
during 16-31 July with different temperatures (34.2/29.9°C in glasshouse) and (31.6/27.9°C in open field).
Results demonstrated that flowering habit of pointed gourd differed to a greater extent at high temperature
than low temperature. Female flowering was accelerated up to a certain level of temperature (27-30°C) and
after that decreased, whereas, higher temperature (more than 30°C) among the flowering time tempera-
tures was found as favorable to increase male flowering regardless of growing conditions. Pollen germina-
tion rates were adversely affected due to high temperature and declined the fruit set rate and fruit yield in

both growing conditions.
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INTRODUCTION

Pointed gourd (Trichosanthes dioica Roxb.) is
dioecious cucurbit vegetable that originated in India and
Bangladesh as tropical and subtropical regions (Kumar
and Singh, 2012). Young green fruit which is 10-12 cm
length (30-50g) at 15-18 days after pollination is the
main edible size and consumed as vegetable after cook-
ing (Koley et al., 2009). It is widely cultivated in the
summer and rainy season in Bangladesh from February
to October and average temperature during this growing
season is 30-33°C (BCDP, 2015). Due to its dioecism,
cross pollination is inevitable for yield improvement that
depends on early or delayed flowering, asynchrony
between male and female flower development and repro-
ductive maturity.

Floral induction and differentiation directly affect
plant yield by determining the time of flowering, the
number of flowers and fruits produced (Terefe and
Tatlioglu, 2005). Cucurbit plants are cultivated for fruits
and their fruit set is continuous, so flower sex determi-
nation, pollination, the total number of male and female
flowers have a close relationship with the yield (Song et
al., 2012). Although, the flower sex expression of cucur-
bits is mainly controlled by genes, it can also be influ-
enced by plant hormones and environmental conditions
(Yamasaki et al., 2005). The influence of environmental
conditions on whether a male or female flower is formed

' Graduate School of Bioresource and Bioenvironmental
Sciences, Kyushu University, Fukuoka 819-0395, Japan

* Institute of Tropical Agriculture, Kyushu University, Fukuoka
819-0395, Japan

* Corresponding author (E-mail: jhdalim@gmail.com)

177

has been extensively documented in cucumbers
(Cantliffe, 1981). It has been claimed that moderate
temperature and high light intensity favored develop-
ment of female flowers in cucumbers while high temper-
ature combined with low light conditions, reduced
female flower numbers (Cantliffe, 1981). Unlike temper-
ature, photoperiod is considered as the most influential
factor on flowering in plants that are sensitive to day
length (Wang, 2007). In dioecious species, individual of
both sexes had produced different sex ratios at varying
day lengths and temperatures in distinctive locations
(Frick and Cavers, 1989; Taylor, 1994). Furthermore,
the pollen per anther, its maturation, viability and fertil-
ity have been reported to negatively affected by seasonal
temperature fluctuation, which have a direct impact on
fruit quality and yield (Allan, 1963; Young et al., 2004).

Peter et al. (1998) suggested that pointed gourd
(Trichosanthes dioica Roxb.) is a day neutral plant and
30-35°C temperature is optimum for its vegetative
growth. But the scientific information regarding envi-
ronmental factors that promote the occurrence of male
and female flowering, flower physiology in pointed gourd
are still very limited. Meanwhile, in our previous study,
pointed gourd appears suited for cultivation in northern
Kyushu of Japan as temperate climate (data not pub-
lished). Now, it is necessary to find out the optimum
growing time in context to the weather condition for
producing this crop locally at farmers level. Therefore,
the present study was carried out to examine the effect
of growing season temperatures on flowering of both
sexes and fruit setting of female pointed gourd in glass-
house and open field trials.
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MATERIALS AND METHODS

Plant materials

The mature vines of one female (PGF17) and male
(PGMO03) genotype of pointed gourd were planted in the
plastic tray for regeneration in November 2016. The
three sprouted vines of each genotype were transplanted
to three plastic pots (30 cm diameter) in the glasshouse
and experimental open field of Kyushu University,
Hakozaki campus (lat. 33° 37’ N; long. 130° 25’ E), Japan
at a spacing of 2 X 1 m. Individual plant of these acces-
sions (female and male) was considered as one replica-
tion and there were three replications.

Flowering season temperature

Air temperature in the glasshouse and open field
was recorded precisely at 10min intervals over the
whole flowering season (from May 1, 2017 to October 30,
2017) using a Thermo recorder (TR-52, T&D corpora-
tion, Japan). Afterwards, the average maximum, mean
and minimum day and night temperatures of 15 days
intervals of a month were calculated. Day length (h)
data described in this study was obtained from the sun-
rise and sunset times in Fukuokashi online website
(https://sunsetsunrisetime.com).

Data analysis

Due to the dioecious nature of pointed gourd, aver-
age male and female flower initiation was separately
scored at 15 days intervals of a month from the first day
of initiation to the end of flower production. Mature
fruits at edible stage (18days after anthesis) were
counted, fruit length, diameter, number of seeds per
fruit, fruit weight was also recorded. The fruit harvest-
ing date was tagged according to the respective flower-
ing date in order to analyze the effect of temperature on
fruit set rate. All the recorded data were analyzed using
R-software.

Pollen germination test

Pollen grains of fresh full blossomed flower in the
glasshouse were collected at 2nd and 4th week of each
month from May to October 2017 and cultured in n
vilro germination media containing 5% sucrose and
0.5% agar. With a flat blade or needle, the pollen was
scraped onto smooth paper that was inclined and tapped
to remove anthers and debris, leaving relatively pure pol-
len. The pollen was distributed on medium dispensed in
90 mm diameter petri dishes. Covered the petri dishes
with its lids and the edge of these lids were wrapped
with para—film paper to ensure uniform and high relative
humidity in inside the petri dishes. The covered petri
dishes were incubated at 25°C under dark conditions for
24 h. Afterwards, observation slides were prepared by
placing a small portion of germinating media with pollen
grains on it and a cover slip was placed over the samples.
The slides were then studied under a stereomicroscope
(Leica DM2500, Olympus DP70 model) at 10x magnifica-
tions. A pollen grain was accepted as germinated when

pollen tube length was at least equal to or greater than
the pollen grain diameter (Leus, 2005). The germination
of 100 pollen grains was counted in each microscopic
observation field and it was done for 3 different optical
fields in each slide. The mean value of 3 observations
was calculated and considered to be the germination
rate. In total, the germinability of 300 pollen grains per
treatment was assessed.

RESULTS

The highest mean day and night temperature was
34.2/29.9°C in 16-31 July and the lowest was 21.7/19.7°C
in 16-31 October in the glasshouse (Fig. 1A). However,
in open field (Fig. 1B), it was notice in 16-31 July
(31.6/27.9°C) and 16-31 October (21.0/17.9°C), which
was on an average 2-3°C lower than those of glasshouse.
On the other hand, the average day length 11-14 h was
found in all the flowering season (Fig. 2).

In the glasshouse (Fig. 3A), flowering male and
female flowers started from first week of May and gradu-
ally increased until 30 June for female and 32.3 flowers
were recorded, whereas male flower increases until 31
July and 51.6 flowers were recorded. Afterwards, female
flowering was progressively slowed down until at the end
of August then rose to 24.3 flowers in 1-15 September
and again gradually declined to the lowest in 16-31
October (3.3 flowers). Meanwhile, male flowering was
gradually decreased form August and reached to the
lowest in 16-31 October (1.3 flowers). Male genotypes
seemed to have higher number of flowering than females
from June to August, although lower flowering was
observed in May, September and October.

In the open field, flowering in female and male geno-
types was started at 1.5 months later of glasshouse dur-
ing 16-30 June and finished 1 month earlier than glass-
house in 16-30 September (Fig. 3B). Female and male
flowering was found as maximum in 1-15 August
(24.0 flowers) and 16-31 July (35.0flowers) respec-
tively.

In the glasshouse, there was not much difference
observed from 16-31 May to 1-15 July and 16-30
September in relation to fruit set rate, where more than
90% fruit sets were recorded (Fig. 4A). Although, the
best result was obtained in 16-30 June and the lowest
was in 1-15 August considering the number of fruits
obtained (Table 1). Besides, the smaller fruits with
lower fruit length and diameter was produced from
16-31 July to 16-31 August whereas larger fruits with
considerable length and diameter was found from 1-15
May to 1-15 June and 1-15 September to 16-30 October
growing periods (Table 1). The fruit weight was higher
in June (560.0-53.3 g) and decreased to the lowest (30.0—
34.0 g) in August (Fig. 4B). Fruits with maximum length
(13.0 cm) and diameter (3.5 cm) have many seeds 31.6
when pollinated in 16-30 June compared to fruits of
minimum length (8.9 cm) and diameter (2.6 cm) with
few seeds (17.6) when pollinated in 1-15 August (Table
1).

On the other hand, flowers pollinated in 16-30 June,
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Fig. 1. The average maximum ([_]), mean (), and minimum (/\) day and night temperatures in the (A) glasshouse and
(B) open field. Temperature data were recorded from May to October 2017.

1-15 July and 1-15 September produced the maximum
fruit set rate, fruit weight with better fruit length, diame-
ter and seeds than that of fruits produced in 1-31
August in open field (Fig. 4A; 4B; Table 1).

The pollen germination rate was high (79.3-93.3%)
in the flowers opened during 1" May to 15 July (24.3—
31.7°C) and 1st September to 31 October (21.7-27.5°C)
when the average temperature was more than 20°C.
Meanwhile, low pollen germination (24.7-48.67%) was
found in the flowers produced during 16 July to 31
August (32.2-34.2°C) (Fig. 5) when the minimum tem-
perature rose to more than 30°C.
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Fig. 2. Day length of flowering season of pointed gourd in 2017.

DISCUSSION

The results demonstrated that day length has no
effect on the flowering habit of pointed gourd. Because,
the average day length from May to October was 11-14
(h). Female and male flowering was done for the whole
studied periods in glasshouse, while in the open field, no
flower was observed from May to mid—June and October,
although the day length was same for both the growing
conditions. This finding agreed with the observation of
Peter et al. (1998).

Flowering habit of male and female plants,
responded differently to temperature when they were
grown in glasshouse and open field. Male plants had
mostly similar consistent flowering patterns in both
growing habitats. It started flowering from the lowest
rate and reached to the highest in a specific time when
the temperature was high and gradually decreased with
the reduction of temperature in the prolong growing
periods. Besides, females had different flowering pat-
terns where the number of female flowers were maxi-
mum at 27-30°C day temperature and minimum at below
or above this temperature. These findings demonstrated
that at high temperature, female flowering was low com-
pared to male flower within the same day length in both
growing habitats. This result substantiated with the pre-
vious findings of Rudich and Peles (1976) where they
postulated that 27°C day temperature increased the ten-
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Fig. 4. Seasonal variations in fruit set rate (A), and fruit weight (g) of pointed gourd grown in glasshouse and open field.

Table 1. Seasonal variations of fruit characteristics in pointed gourd grown under glasshouse and open field condition

No. of flower crossed

No. of fruits obtained

Fruit length (cm)

Fruit diameter (cm)

No. of seeds per fruit

Growing

season Glasshouse Open field Glasshouse Open field Glasshouse Open field Glasshouse Open field Glasshouse Open field
1-15 May 3.3x0.5"° =7 2.6%0.5 - 10.9+0.3 - 3.0%0.1 - 22.3x1.5 -
1631 May  15.6+2.0 - 14.6x1.1 - 11.7+0.5 - 3.1+0.1 - 23.6x1.5 -
1-15 Jun 21.6x2.0 - 20.6x1.1 - 12.5+0.6 - 3.3%+0.1 - 29.6x1.1 -
16-30 Jun  32.3+2.1 4.0£1.0  29.6%2.3 3.6x0.5  13.0+£04 11.4%0.3 3.56%0.1 3.1+0.2 31.6x15  26.6%x1.5
1-15 Jul 30.3£25  14.6x15 27.3x2.0 13.6x2.3 11.5+03 11.8+0.6 3.2+0.1 3.1+0.1 24.0x1.0 24.0%x2.0
16-31 Jul 11.3x15  20.6x15 8.0x1.7  15.6x0.5 9.4+0.8 10.4x0.4 2.9+0.1 3.0x0.1 20.3x15  22.6%25
1-15 Aug 3.6x1.5 24.0%£3.0 1.6x0.5 17.6x1.1 8.9x0.7 9.7+0.3 2.6x0.1 2.7x0.2 17615 21.0x1.0
16-31 Aug  4.6x1.5 10.0+x2.0  4.0x1.7  73x15  95+0.7  9.6+0.7 28%02  26x02 203x15 21.0+2.0
1-15 Sep 24.3%2.0 7.6x0.56  20.0%1.0 6.6£0.5 10.7x04 12.1+0.3 2.920.2 3.2%0.1 20.6x2.0  26.0%£2.0
1630 Sep  17.3+2.0 3.3x0.5  15.6%x2.5 2.6x0.5 10.7x0.6  10.7+0.3 3.0£0.2 2.9%0.1 22.0£2.0  23.0£2.0
1-15 Oct 7.6x1.1 - 6.3x1.1 - 11.5+0.6 - 3.1+0.1 - 24.3*1.5 -
16-31 Oct 3.3x0.5 - 2.6x0.5 - 10.8+0.6 - 2.9+0.1 - 24.6x1.5 -
ANOVA* * * * * # * #* ® * NS

*Data are shown as the mean value = standard error

" No flowering
*NS and * indicates not significant and significant at P<0.05, respectively
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Fig. 5. Seasonal variation of pollen germination rate of male point-
ed gourd. Tests were performed from May to October 2017.

dency of female flowering while inhibited at 32°C in
watermelon. Wien et al. (2004) reported that first—
formed female buds at high temperature do not develop
to anthesis whereas male flower production did not
affect adversely in the greenhouse. Similarly, Wang
(2007) concluded that males, seemed to have higher rel-
ative flowering than females at high temperature condi-
tion.

In this experiment, maximum number of fruits were
obtained with increased seed and fruit weight, when
flowers were pollinated in late June (27.1/23.9°C) but
decreased when they were pollinated from 16-31 July to
1-15 August (32.9-34.2°C/28.5-29.9°C) in the glass-
house. Meanwhile, in open field, the similar pattern of
result was observed in mid-July (29.1/26.7°C) and
August (29.8-30.8/27.5-27.9°C). In particular, from
16-31 July to 16-31 August, smaller fruit with few seeds
were obtained in both growing habitats. The results
showed that the day/night temperature range favorable
for acceptable size fruit production is between
27-29/23-26°C and temperatures above and below this
range are unfavorable for it. Despite maximum male
flowering in high temperature, the reduction in fruit set
rate and yield suggests that pollination and fertilization
might be disrupted due to high temperature conditions.
Ram and Ray (1992) postulated that the optimum tem-
perature for seed and fruit production in papaya is 27.3—
29.7°C, however, Tamaki et al. (2011) claimed it 19.4—
24.6°C and the reason for this discrepancy might be due
to cultivars differences or other cultivation factors.

It has been revealed that pollen germination ability
was enhanced from 1st May to 15 July (24.3-31.7°C) and
1st September to 31 October (21.7-27.5°C), but reduced
from 16 July to 31 August (32.2-34.2°C) comparatively
high temperature condition. Tamaki et al. (2011)
claimed that pollen production and germination was sup-
pressed below 15°C and above 30°C, thus reduction in
seed and fruit yield in papaya. Therefore, it can be
assumed that fertilization failure related to the low abil-
ity of pollen germination at high temperature (more than
32°C) is responsible for causing decline in fruit set and

yield of pointed gourd in glasshouse during August.
Hedhly et al. (2005) stated that high temperature (30°C)
can shorten the stigma receptivity period to pollen and
decrease the chances for a successful fertilization in
peach. Similarly, high temperature also causes poor
anther dehiscence characterized by tight closure of the
locules, which was shown to reduce pollen dispersal in
tomato (Sato et al., 2002). In these aspects it has been
suggested that pointed gourd pollen grains are need to
be stored in a suitable condition during early growing
period of abundant flowering. This stored pollen may be
applicable to overcome the pollination problem appeared
in this study under high temperature condition in July—
August.

Based on the above findings, we clarified that maxi-
mum female and male flowers of pointed gourd devel-
oped at 27.1/23.9°C (16-30 June) and 34.2/29.9°C (16-31
July) in glasshouse and at 30.8/27.5°C (1-15 August) and
31.6/27.9°C (16-31 July) in open field. In addition,
delayed in first flower initiation noticed in open field cul-
tivation than that of glasshouse. But continuous flower-
ing and fruit setting occurred in the open field while it
was interrupted in the glasshouse trial during July and
August growing period. Decrease in fruit set, fruit
length, diameter and fruit weight regardless of growing
habitats are attributed due to decline in pollen germina-
tion ability under high temperature conditions. 20-30°C
(May—July, September—October) was found suitable for
maximum pollen germination but more than 30°C (July—
August) had adverse effect on it.
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