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Bell pepper plants (Capsicum annuum cv. Plenty) were grown under low night temperatures (LNT:
day/night temperature of 28/13°C) and optimum night temperatures (ONT: day/night temperature
of 28/20°C) in growth chambers. Pollen grains were collected from plants in the growth chamber and
incubated at 10, 15, 20, 25, and 30°C. After 24 hr incubation, in both ONT and LNT, the highest percent
pollen germinations were observed at 25°C followed by germinations at 30°C. Percent pollen germina-
tion at 25°C was 42% in ONT - two times higher than in LNT at 21%. Pollen tube length was much
longer at ONT than at LNT, regardless of incubation temperature. Compared with other treatments,
earlier and quicker pollen tube elongation was observed in ONT pollen grains incubated at 25°C. To
find pollen viability in plant growing conditions, pollen grains were incubated in LNT (28/13°C) and
ONT (28/20°C) growth chambers for 24 hr. Petri-dishes with pollen grains were put in the growth
chambers at the beginning of the night condition. Pollen grains in the LNT growth chamber did not
germinate at night (13°C), but began to germinate when the day condition (28°C) started. Pollen grains
in the ONT condition, however, started germinating from the early night (20°C) and germination con-
tinued during the day (28°C). Plants in LNT showed increased flower stalk length, ovary diameter,
stamen length, flower weight, and fruit length. LNT conditions did not impair seed set. There were
no differences in seed sets between fruits at LNT and ONT. Normal seed sets in LNT show that fertil-
ization may be completed during daytime. However, further investigation is needed to find what extent
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of temperature stress causes malformed and/or parthenocarpic fruits in this bell pepper.
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Introduction

Paprika (Capsicum annuum L.) cultivation area in Korea
has been increased as one of the profitable crops since first
introduction from The Netherlands in 1996. Almost paprika
fruits produced in Korea are exported to Japan and take 70%
of Japanese paprika market. Japanese consumers prefer good
shaped and middle sized fruits but malformed Korean pap-
rika fruits in the Japanese market lose consumers preference
resulting in decrease in the growers’ income.

Temperature has a considerable effect on flower morphol-
ogy and function, development of pollen, which in turn can
impinge on fruit set and seed development [6,14]. Bell pepper
1s grown in two different types in Korea as highland culti-
vation from March to November and lowland cultivation
from September to July. From highland cultivation in
Hamyang (600 m of altitude) and Hapcheon (800 m of alti-
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tude) regions, pumpkin-like malformed fruits are one of the
main problems at the period of first harvest in May (average
air temp. 12°C), but not from the lowland cultivation at the
period of first harvest in November (average temp. 17°C).
This implies the low temperature condition during May have
triggered the increase in malformed fruits in the highland
cultivation compared with the lowland cultivation.

Low temperature causes reduction in both the number
pollen grain and the pollen viability [11]. Larger flowers,
more swollen ovaries, and shorter styles were observed un-
der lower temperature [10]. Non-extreme temperature con—-
dition (18°C day and 15°C night) did not hinder fruit set,
but diminished pollination causes small, flattened, and par-
thenocarpic fruits [13]. However, sensitivity of pollination
and fruit shape of bell pepper to low temperature are culti-
var-dependent. Some cultivar of bell pepper in low night
temperature (10°C) showed normal fruit shape and similar
number of seeds to bell pepper in normal night temperature
(20°C) [141.

It is not clear to what extent of night temperature regime
and of exposure duration to low night temperature will af-
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fect seed set in bell pepper. It is important to find out the
optimum temperatures for pollen viability and relationship
between pollen viability and fruit characteristic. This study
was conducted to determine the influence of low night tem-
perature during flowering initiation on pollen viability and

the characteristics of flower and fruit.

Materials and Methods

Plant materials

Twelve paprika (cv. Plenty) plants were used for each
treatment. Uniform sized seedlings of 50 days old after sow-
ing were selected and transplanted to rockwool slabs in a
growth chamber (GC-1000TLH, Jeio Tech, Korea). Nutrition
solution was irrigated 5 times per day and each time 120
ml per plant to ensure 20% draining of total amount of
irrigation. Day/night temperatures for low night temper-
ature (LNT) and optimum night temperature (ONT) treat-
ments were 28/13°C and 28/20°C, respectively. Light con-
dition in the growth chamber was 80,000 lux at day and
dark at night. Plants were trained to a double stem.

Pollen viability

Germinating medium for pollen grains was made with
a slight modification of Pressman's methods [11].
Germinating medium solution consisted of 20% sucrose
(C12H2011), 2mM boric acid (HsBOs), 2mM calcium nitrate
[Ca(NOs3)2-4H:0], 2 mM magnesium sulfate (MgSO,), and
1 mM potassium nitrate (KNOs). Ten percent of agar was
added to the solution and kept at 80°C hot bath for 30 min.
After completing dissolution of agar, 5 ml of germinating
medium was filled into 10 ml Petri dishes and cooled for
30 min to solidify the agar. The plant of thirty—day old after
transplanting was used for this experiment. Five fully—-
opened flowers from 5 plants of each OLT and NLT were
tapped with a finger to collect pollen grains into a Petri dish
with germinating media and three Petri dishes were used
for replication. Five fields in each Petri dish were measured.

For examining the pollen viability responding to temper-
ature, the Petri dishes with pollen grains were incubated at
10, 15, 20, 25, and 30°C for 24 hr in the dark.

For studying pollen germinability under field condition,
the Petri dishes with pollen grains were kept at the LNT
(day/night, 28/13°C) and ONT (day/night, 28/20°C) growth
chambers for 24 hr.

Germination and tube length of pollen grains were meas-

ured under a light microscope (Eclipse E200, Nikon Instech
Co. Ltd., Kanagawa, Japan). Germination was considered
when pollen tube length was twice longer than the grain
diameter. Percentage pollen germination was calculated by
counting the total number of pollen grains. For each repli-
cation, fifty pollen grains were used for pollen tube length
measurement and the tube length was measured with cap-
tured photos by an imaging solution program (i-Solution
Lite, IMT i-Solution Inc., Vancouver, Canada).

Flowers and fruits characteristic

The effect of the temperature regime on morphology of
flowers and fruits were recorded. Flower stalk length, flower
diameter, ovary diameter, flower weight, number of petal,
number of stamen, stamen length, anther length, and style
length were measured for flower characteristic when flowers
were fully opened. Fruit stalk diameter, fruit diameter, fruit
length, fruit weight, and calyx diameter were measured for
fruit characteristic with 14-day—fruits after fruit set. Thirty
flowers and 30 fruits were used for this experiment.

Results and Discussion

Pollen grains from flowers in growth chambers were in—
cubated for 24 hr at 10, 15, 20, 25, and 30°C. Percent pollen
germination was higher in ONT than LNT, regardless of in-
cubation temperature (Fig. 1). In both ONT and LNT, the
highest percent pollen germinations were observed at 25°C
followed by at 30°C after 24 hr incubation. Compared with
pollen in LNT, earlier pollen germination was observed in
ONT throughout all incubation temperatures. Duration of
plant exposure to high/low temperature stress may affect
pollen viability at optimum temperature. Herrero and
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Fig. 1. Effect of temperatures on pollen germination of bell pep-
per in vitro. Bell pepper plants (cv. Plenty) were grown
under ONT (day/night, 28/20°C) and LNT (day/night,
28/13°C). Collected pollen grains from flowers in a
growth chamber were incubated for 24 hr at 10, 15, 20,
25, and 30°C. Vertical bars represent SE (n=15).



Johnson [4] found that prolonged temperature stress during
growth of Maize completely inhibited pollen germination in
vitro. In this experiment, when plants were grown at LNT
and ONT condition during pollen development, percent pol-
len germination in vitro was much lower at LNT than at
ONT. For instance, percent pollen germination in vitro at
25°C was twice higher in ONT with 42%, compared with
that in LNT with 21%. Pepper pollen was sensitive to low
temperature stress. Both ONT and LNT pollen grains in vitro
did not germinate at 10°C and only 10% germination was
observed after 24-hr incubation at 15°C (Fig. 1). Pollen grains
may be impaired their functioning and completely lose their
viability below 10°C.

Pollen tube lengths were much longer in ONT than LNT,
regardless of incubation temperatures (Fig. 2). In both ONT
and LNT, earlier and quicker pollen tube growth was shown
at higher incubation temperature. Pollen tube growth speed
was quicker in pollen grains from ONT than from LNT
throughout all incubation temperatures. Pollen tube growth
at optimum temperature appeared to reach about more than
80% of their final length in first few hrs after beginning of
germination. For instance, ONT pollen tube at 25°C elon-
gated 705 pm in 1 hr after germination and it was 82% of
24 hr total pollen tube length. Pollen tube lengths of pepper
were significantly different by species and genotypes in re-
sponse to temperature and a mean of maximum pollen tube
length of 7 pepper cultivars was 737 um [12]. In this study,
pollen tube length of ‘Plenty’ bell pepper was 850 um after
24 hr incubation at 25°C.

Compared with ONT pollen grains, lower tube length and
percent germination in LNT pollen may be attributed to
more decreased contents of carbohydrates and soluble sugar
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. Effect of temperatures on pollen tube length of bell pep—
per in vitro. Bell pepper plants (cv Plenty) were grown
under optimum night temperature (ONT: day/night,
28/20°C) and low night temperature (LNT: day/night,
28/13°C) conditions. Collected pollen grains from flow-
ers in a growth chamber were incubated for 24 hr at 10,
15, 20, 25, and 30°C. Vertical bars represent SE (n=15).
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in the mature pollen grains by low temperature.
Carbohydrates are the most important nutrient for pollen
development [8] and a deficiency in carbohydrates in tomato
showed abnormal pollen development [3]. Pollen uses sug-
ars during germination as principal metabolic substances
[15] and starch and sugar accumulations in pollen grains
were decreased under LNT condition [14].

Pollen grains from LNT and ONT were kept at the same
plant growing conditions to compare pollen germinability
in a field-like condition. During warmer night (20°C), per-
cent germination of pollen grains in ONT increased steadily
from 4 hr after incubation with 7% and it was 20% after
12 hr-incubation (Fig. 3). After day condition treatment with
28°C, pollen germination increased gradually till 18 hr-in-
cubation and afterward remained constant in ONT. Pollen
grain in LNT, however, did not germinate during 12 hr cold-
er night condition (13°C) but afterward pollen grain began
to germinate immediately after treatment of day condition
with 28°C. Pollen grains produced in ONT condition showed
much higher pollen germination than those in LNT.

There were no differences in flower diameter and petal
number between ONT and LNT (Table 1). Flower stalk
length, ovary diameter, flower weight and stamen length
were higher in LNT than in ONT, whereas number of sta-
men and style length was lower in LNT than in ONT.
Polwick and Sawhney [10] observed that low temperature
condition caused larger ovary in diameter and longer style
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Fig. 3. Pollen germination of bell pepper in field-like conditions.
Bell pepper plants (cv Plenty) were grown under opti-
mum night temperature (ONT: day/night, 28/20°C) and
low night temperature (LNT: day/night, 28/13°C)
conditions. Collected pollen grains from flowers in a
growth chamber were incubated for 24 hr at the ONT
and LNT condition. Vertical bars represent SE (n=15).
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Table 1. The effect of low night temperature (LNT: day/night,
28/13°C) on the flower features in bell pepper 'Plenty’,
compared with optimum night temperature (ONT:
day/night, 28/20°C). Flowers at anthesis were used
for the measurement.

Parameter ONT LNT
Flower stalk length (mm) 10.1£0.13 11.5+0.09
Flower diameter (mm) 22.8£0.22 23.2+0.30
Ovary diameter (mm) 5.4+0.08 6.1£0.06
Flower weight (g) 0.5+0.01 0.6£0.01
Number of petal 6.2£0.10 6.2£0.10
Number of stamen 6.5+0.07 6.2£0.14
Stamen length (mm) 2.920.02 3.1£0.04
Anther length (mm) 0.9+0.01 0.8+0.02
Style length (mm) 3.3+0.17 2.7£0.12

in length, while we found that style length was shorter in
LNT than in ONT. As Myster and Moe [7] found greater
day/night temperature differentials contributed to increased
stem elongation, we observed flower stalk and stamen
length were more increased in LNT than in ONT.

Fruits stalk diameter was a little bigger in ONT than in
LNT and longer fruit length was observed in LNT (Table
2). There were no differences in fruit characteristics between
treatments.

LNT (24°C day/10°C night) condition decreased pollen
functioning in pepper by decreasing the concentration of
soluble sugar in mature pollen grains and resulted in small-
er, seedless, and misshapen fruits [14]. Interestingly, these
authors found that cv. Devilla had normal seed set and
fruits under LNT condition. We also found that fruits of
both ONT and LNT plants (cv. Plenty) grown in the cham-
ber had normal seed set and there were no differences in
number of seed between treatments (Table 2 and Fig. 4).

Even if, no germination was observed at 10°C in vitro (Fig.

Table 2. The effect of low night temperature (LNT: day/night,
28/13°C) on the fruit features in bell pepper 'Plenty’,
compared with optimum night temperature (OT
day/night, 28/20°C). Fruits 2 weeks after anthesis
were used for the measurement.

Parameter ONT LNT

Fruit stalk diameter (mm) 28.7+0.02 26.6%0.11
Fruit diameter (mm) 25.440.25 26.4+0.30
Fruit length (mm) 31.5£0.84 34.4£0.13
Fruit weight (g) 12.2+0.28 12.9+0.12
Calyx diameter (mm) 19.4+0.23 21.0+0.41
Locule per fruit 3.5+0.14 3.4%0.12
Seed per fruit 163.0+10.60 150.7+4.98
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Fig. 4. Seed development of bell pepper (cv. Plenty) in response
to growing temperatures. Plant (cv. Plenty) were grown
under optimum night temperature (ONT: day/night,
28/20°C) and low night temperature (LNT: day/night,
28/13°C) conditions. Fruits 2 weeks after anthesis were
used for the measurement.

1), this normal seed set at 13°C night in the chamber in-
dicates that pollination was possibly done during day time
(Fig. 3). After 2-hr incubation, pollen tube growth in vitro
was 8% at 25°C and 77% at 30°C (Fig. 2). Increased temper-
ature from 13°C to 28°C triggered immediate germination
of pollen grain in LNT condition (Fig. 3). These results im-
ply that fertilization in vivo may be completed in a few hrs
after pollen tube formation on a stigma under optimum
temperature. In the field condition, pollen tube elongated
to beneath the junction of the bract within 7 hr after pollina-
tion [5]. In maize, pollen tubes elongated a style very quick-
ly by tip extension within the intercellular matrix and pol-
len tubes grew about 1 cm/hr [2].

Another possible explanation for no differences in seed
set between ONT and LNT fruits in the present study is
that day and night temperatures do not influence bell pepper
seed set independently. It was reported that plants are sensi-
tive to mean temperature and/or accumulated diurnal heat
units [9]. There may be a threshold of mean temperature
and/or accumulated diurnal heat units to hinder pollination
of pepper in the present study.

In conclusion, LNT condition hindered pollen germin-
ability and tube growth in vitro, regardless of incubation
temperature. In both LNT and ONT, earlier and better pollen
germination was observed at 25°C and higher pollen tube
elongation was found at range of 25730°C. Plant in LNT



showed increased flower stalk length, ovary diameter, sta-
men length, flower weight, and fruit length. Duration for
completing fertilization of bell pepper in the field condition
may be less than 8 hr (day time), because pollen tube in
vitro elongated to almost their potential length in the first
few hrs after incubation and LNT condition did not impair
seed set. These results possibly indicate that continuous low
temperature condition throughout day and night may have
caused the fruit-malformation in the highland cultivation in
Korea.

Acknowledgments

I gratefully acknowledge the financial support provided
by Inst. of Agri. & Life. Sci. GNU, Rural Development
Administration, and Agricultural R&D Promotion Center in
Korea.

References

1. Aloni, B., M. Peet, M. Pharr, and L. Karni. 2001. The effect
of high temperature and high atmospheric CO» on carbohy-
drate changes in bell pepper (Capsicum annuum) pollen in
relation to its germination. Physiol. Plant 112, 505-512.

2. Barnabas, B. and L. Fridvalszky. 1984. Adhesion and germi-
nation of differently treated maize pollen grains on the
stigma. Acta. Bot. Hungar. 30, 229-232.

3. Bhadula, S. K. and V. K. Sawhney. 1989. Amylolitic activity
and carbohydrate levels during the stamen ontogeny of a
male fertile, and a ‘gibberellin sensitive’ male sterile mutant
of tomato (Lycopersicon esculentum). J. Exp. Bot. 40, 789-794.

4. Herrero, M. P. and R. R. Johnson. 1980. High temperature
stress and pollen viability of maize. Crop. Sci. 20, 796-800.

10.

11.

12.

13.

14.

15.

Journal of Life Science 2009, Vol. 19. No. 5 585

Hinrichs, H. A. and E. W. Ramming. 1973. Flowering and
nut development of pecans. Proc. Okla. Pecan Growers Assn.
p. 21-28.

Ledesma, L. and N. Sugiyama. 2005. Pollen quality and per—
formance in strawberry plants exposed to high-temper-
atures stress. J. Amer. Hort. Sci. 130, 341-347.

Myster, J. and R. Moe. 1995. Effect of diurnal temperature
alterations on plant morphology in some greenhouse crops.
A mini review. Sci. Hort. 62, 205-215.

Pacini, E. 1996. Types and meaning of pollen carbohydrate
reserves. Sex. Plant Reprod. 9, 362-366.

Peet, M. M. and M. Bartholemew. 199. Effect of night tem-
perature on pollen characteristics, growth, and fruits set in
tomato. J. Amer. Hort. Sci. 121, 514-519.

Polowick, P. L. and V. K. Sawhney. 1985. Temperature effect
on male fertility and flower and fruit development in
Capsicum annuum L. Sci. Hort. 25, 117-1217.

Pressman, E., H. Moshkovitch, K. Rosenfeld, R. Shaked, B.
Gamlie, and B. Aloni. 1998. Influence of low night temper-
atures on sweet pepper flower quality and the effects of
repeated pollinations, with viable pollen, on fruit set. J. Hort.
Sci. Biotechnol. 73, 131-136.

Reddy, K. R. and V. G. Kakani. 2007. Screening Capsicum
species of different origins for high temperature tolerance
by in vitro pollen germination and pollen tube length. Sci.
Hort. 112, 130-135.

Rylski, I. 1986. Pepper (capsicum), pp. 341-354, In
Monselise, S. P. (ed.), CRC Handbook of Fruit Set and
Development. CRC Press, Boca Raton, FL.

Shaked, R., K. Rosenfeld, and E. Pressman. 2004. The effect
of low night temperature on carbohydrates metabolism in
developing pollen grains of pepper relation to their number
and functioning. Sci. Hort. 102, 29-36.

Stanley, R. G. 1971. Pollen chemistry and tube growth, pp.
131-155, In Heslop-Harrison, J. (ed.), Pollen: Development
and Physiology. Butterworths, London.



586

A 78+ %] 2009, Vol. 19. No. 5

n A gz 2)gt Al 2] 7P 9@ 91 Ad) galo] wol WASt= ofzk Ao] 3k e 9 A4 H
ko] HAE S dolRaA B AFE FYsGiY 3 28°C Y 2AA o EE 13°C (LN
20°C (ONT)= &g A g ste] Aol A 93 2] 7K Capsicum annuum cv. Plenty)E A Wik th. ONTS} LNT) A

S-S A ste] 10, 15, 20, 25, 30°Coll A TopA| ZAth. 24A17F = shito] &8 4] 2 Ad} Ao #A] §10]125°C
oA sht geo] H} E9a1 theo] 30°CeIT 25°Coll A Hrolg-S ONTEHEo] 429%, LNT 3Hito] 21%9lt}. 3w
Aol shautol 2o FA ¢lo] ONTSHEo] 71 Atk e N £%e 25°C oA WolAIIONT3H

74 skt s ghrh AufE ONTSF LNT 2794 sh &8 o] afo]& Fory] 93] wjA|el| 3
A} 3 ONTSF LNTo A ap2ubo} A1gS A Mt LNTO| A= ok7H(13°C) 9k 3Ho] wholx] A gFokx] vt
HBC) 207 7 3E A} shto] Wols 7] Al Za}glt), shA¥E ONTO A= oFRH20°C) 27158 ghio] oty
] A &ate] F7HRC)7HA] Al ol AUtk LNTOlAE s do], WA 4ol 315 9 5o
7bakdeh. EAE A3 Aol 7k gtk LNTAHE FA A E27F & AU AL F3bo] FiFA 0]
[F0157] W2l Ao 2 "ol A|nt 7| Pt dgl A B WA E A= sHEEolE Adlste A2
st Ak A7 FaEofof & Ao ® BT}

ﬁrz

S

o OIN

5‘.:



