
Table 3. Yield per plant of sweet peppers grown un­
der 5 light treatments during the summer of 1977.

Yield (kg)z

Treatm ent M arketabley Cull Total*

Reflector 1.43* .34 1.77*
Mulch 1.87** .25 2.12*
Reflector + 

mulch j gg**w .34 2.33*
Black screen 1.19** .27 1.46*
Check 1.20 .28 1.48

*,**Significant at the 5% , and 1% levels, respective­
ly, by orthogonal comparisons. 
zEach value is the m ean of 48 plants, 
in c lu d es  U .S. Fancy, No. 1, and No. 2 fruit grades. 
xIncludes m arketable and cull fruit grades. 
wSignificance at the 1% level assigned to  a mulch ef­
fect; reflector effect significant at the 5% level.

fected by any treatment.
The difference in plant response be­

tween white and black structures suggests 
that solar reflectors may affect growth 
due to an increased availability of solar 
energy (heat and/or light) rather than as a 
windbreak. We conclude that the effect 
of solar reflectors on plant growth and 
yield was negligible, but reflective 
mulches beneficially affected earliness 
and yield. We could not determine 
whether the effect of reflective mulches 
was due primarily to a solar energy en­
hancement (heat and/or light), to soil 
moisture conservation, or to other micro­
climatic factors. At no time did reflectors 
in combination with mulches significantly 
interact synergistically upon any variable 
sampled.
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Effect of High Temperature on Pollen 
Grain Germination, Pollen Tube 
Growth, and Seed Yield of Chinese 
Cabbage1
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Shanhua 741, Taiwan
Additional index words. Brassica campestris ssp. pekinensis, gamete viability, seed 
formation, silique set

Abstract. Seed yield of Chinese cabbage (Brassica campestris ssp. pekinensis Rupr.) was studied 
at 34-37/22-24°C(day/night) temperatures applied at different growth stages. High tempera­
tures at first anthesis and immediately after pollination diminished seed yield mainly through re­
duction in seed number. Hand pollination with pollen grains from plants reared under normal 
temperature improved seed yield of the plant heated at first anthesis. Both male and female 
gametogeneses appeared to be affected by high temperature based on seed set, but the most dras­
tic effect of high temperature on seed yield occurred after pollination. In vitro pollen viability 
tests indicated that the optimum temperature for pollen grain germination and pollen tube 
growth was 20°. Temperatures below 16° or above 28° reduced pollen grain germination and pol­
len tube growth mainly because of an increase in burst pollen grains.

Heading Chinese cabbage is a cool 
season vegetable that is becoming popu­
lar in hot, humid Southeast Asia because 
of the availability of heat tolerant culti- 
vars. However, the seed supply usually 
depends on importation from temperate 
regions. This vegetable can be induced to 
flower easily by artificial vernalization at 
the seedling stage (1). Information relat­
ing high temperature stress to Chinese

‘Received for publication July 19, 1980.
Journal paper no. 60 o f the Asian Vegetable Re­

search and Development Center (AVRDC).
The cost of publishing this paper was defrayed in 

part by the payment of page charges. U nder postal 
regulations, this paper therefore must be hereby 
m arked advertisement solely to indicate this fact.

cabbage seed yields is limited, and few in­
vestigations have been made of the mech­
anisms involved in high temperature 
stress. A primary objective of this study 
was to determine the effect of high tem­
perature at different growth stages on 
seed yield and its components such as sil­
ique set, seed number per silique, and av­
erage seed weight. In vitro pollen grain 
germination and pollen tube growth un­
der different temperature conditions 
were also studied.

Seeds of AVRDC Acc. No. B-32 
(‘Chang-puh Medium Early’) were sown 
in seed flats. After the cotyledons fully 
expanded, the seedlings were chilled in a 
cold room at 5°C with dim light for 20

days. Five days after the completion of 
vernalization, the seedlings were trans­
planted into clay pots (ID 20 cm, height 
30 cm) which contained a mixture of 70% 
soil, 15% compost, and 15% sand, and to 
which 1.8 g (NH4)2S 0 4, 5.6 g
Ca(H2P 0 4)2, and 3.3 g KC1 per pot had 
been added. Plants were grown in a 
greenhouse with average maximum and 
minimum temperatures of 29 and 18°, re­
spectively. Vernalized plants were trans­
ferred into a heated compartment 
(temperatures maintained at 34-37/ 
22-24°, day/night) of the greenhouse at 
different growth stages for 3 days at a 
time. Plants were exposed to high tem­
peratures at the following stages: bolting, 
macroscopic appearance of flower bud, 
first anthesis, and immediately after polli­
nation. Control plants were not subjected 
to high temperatures. When the flower 
buds started to open, they were imme­
diately hand-pollinated with 2 types of 
pollen grains. The first pollination was 
carried out with bulked pollen grains of 
all plants in the same heat treatment, 
whereas the second pollination was with 
pollen grains from the non-heated control 
plants. Plants of each treatment were 
thinned to maintain only the main flower 
stalk and were decapitated when they had 
12-15 flowers per stalk. Silique number, 
seed number per silique, 100-seed 
weight, and seed yield per plant were de­
termined at 80 days after planting. There 
was a total of 8 treatments, each with 8 
plants.

Another experiment was carried out 
to study the optimum temperature for in 
vitro pollen grain germination and pollen 
tube growth. Fresh pollen grains were 
taken from plants grown under normal 
temperature in the greenhouse and incu­
bated in a medium consisting of 20% su­
crose, 50 ppm H3PO3 and 100 ppm
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CaCl2-2H20  housed in the cavity of a 
slide glass. The slides with pollen grains 
were kept in a moistened'petri dish to 
prevent the medium from drying out. 
Four slides per dish were incubated at 10, 
16, 20, 24, 28 and 32°C for 20 hr. Pollen 
grain germination, pollen tube growth 
(jj m), and number of burst pollen grains 
were determined under a microscope.

Results in Table 1 indicate that high 
temperatures at different growth stages 
had no effect on silique setting. However, 
high temperatures at different growth 
stages generally reduced seed number per 
silique and seed yield per plant. High 
temperatures at first anthesis and at polli­
nation drastically reduced seed number 
per silique and seed yield. High tempera­
tures at bolting and at macroscopic 
appearance of flower bud produced less 
significant effects on the seed number per 
silique and seed yield. When seed 
number per silique was reduced by high 
temperature at bolting, there was a tend­
ency for seed weight to increase. Howev­
er, this did not compensate for the reduc­
tion in seed number per silique. The in­
florescence of Chinese cabbage is a long 
raceme, and it took about 3 days from the 
first anthesis to develop 9-12 flowers suc­
cessively on the main stalk for pollina­
tion. Thus, our results suggest that flower 
buds 1-3 days before anthesis and flowers 
1-3 days after anthesis were highly sus­
ceptible to high temperature.

Male and female organs viability can 
be estimated by comparing seed set and 
seed yield at high temperature when nor­
mal temperature pollen grains (NTP) are 
used. Probably the most significant mea­
sure of male and female fertility as affect­
ed by heat treatment is seed number per 
silique as shown in Table 1. If we com­
pare bolting and flower bud appearance 
results for both high temperature pollen 
grains (HTP) and NTP, we observe in the 
case of bolting that NTP restored seed set 
level to that of the control, suggesting 
that the principal fertility reduction for 
HTP was due to pollen nonfunctioning. 
In the case of flower bud appearance, 
however, the seed set levels for HTP and 
NTP do not differ, suggesting here that 
upset of the carpel is principally responsi­
ble for the fertility reduction.

On the other hand, NTP increased the 
seed weight of plants exposed to high 
temperatures at flower bud appearance 
and first anthesis. Although NTP were 
able to alleviate some of the damage 
caused by high temperature, seed yield 
was still less than that of the normal tem­
perature plants except when the plant 
was exposed to high temperatures at first 
anthesis.

The above results suggest that high 
temperatures affect not only the pollen 
grain development but also other pro­
cesses such as ovule or stylar tissue devel­
opment, and formation of normal stigma 
surfaces in Chinese cabbage. Carpel 
development tends to be susceptible to

Table 1. Effect of high tem perature at different growth stages on flower and silique num ber/plant, seed num- 
ber/silique, 100-seed weight, and seed yield/plant of Chinese cabbage.

G row th stage during 
high tem perature

Flower no./ 
plant

Silique no./ 
plant

Seed no./ 
silique

100-seed wt 
(mg)

Seed yield (mg)/ 
plant

Bolting 11.3 10.2 7.2 cdy 222 a 163 b
Flower bud appearance 11.3 10.0 8.8 b 175 b 150 b
First anthesis 14.8 11.8 4.5 d 151c 81c
Pollination 12.4 10.4 1.1 e 130 c 15 d
Bolting with N TP7 11.0 9.8 11.2a 153 be 159 b
Flower bud appearance 

with NTP 10.8 9.2 8.3 be 208 a 155 b
First anthesis with NTP 12.8 12.0 7.1 cd 227 a 196 a

Normal tem p control 12.0 11.9 11.9a 155 be 220 a

zH and pollination with normal tem perature pollen grains.
yMean separation within columns by D uncan’s multiple range test, 5% level.

Table 2. Effect of tem perature on Chinese cabbage pollen grain germination, pollen tube growth, and pollen 
grain bursting.

Tem perature
(°C)

Pollen grain 
germination 

(%)

Pollen 
tube length 

(p-m)

Pollen
bursting

(%>
10 12.2 dz 26.5 d 22.7 c
16 24.3 c 44.6 cd 0.0 d
20 41.3a 127.0 a 0.0 d
24 31.6b 75.7 b 0.0 d
28 28.4 be 91.1b 34.8 b
32 15.7 d 66.1 be 59.6 a

zM ean separation within columns by Duncan multiple range test, 5% level.

high temperatures 1-3 days before anthe­
sis, whereas pollen grain development 
seems to be susceptible earlier than that. 
However, the drastic effects of high tem­
perature on seed yield occur after pollina­
tion.

The optimum temperature for pollen 
grain germination and pollen tube growth 
was 20°C (Table 2). Temperatures below 
16° or above 28° reduced pollen grain 
germination and pollen tube growth. Be­
yond the optimal temperature range of 
20-24°, the percentage of burst pollen 
grains steadily increased. The effect of 
high temperatures in reducing pollen 
grain viability has been demonstrated for 
bean (5), onion (2), and tomato (4). Few 
studies have been made of the effect of 
temperature on pollen viability in Brassi- 
ca. Pearson (7) reported that the optimum 
temperature for pollen grain germination 
of B. oleracea was 20°, and pollen grains 
germinated poorly at temperatures 
beyond 29°. Matsuzawa (6) reported that 
the most appropriate temperature for 
pollen grain germination was about 25° in 
interspecific crosses between B. campes- 
tris and B. oleracea. Our results indicate 
that drastically reduced seed number 
after high temperatures at pollination 
(Table 1) may be due to poor pollen grain 
germination and pollen tube growth (Ta­
ble 2). However, the possibility that high 
temperatures affect the process from zy­
gote formation to embryo development 
cannot be ruled out. Chang and Struck- 
meyer (3) demonstrated in Allium cepa 
that pollination temperature had no sig­
nificant effect on megasporogenesis but 
did affect mitosis of the zygote.

Yamada (8) found that the most suita­
ble temperature for Chinese cabbage

seed production was 13/8°C (day/night), 
and stress temperatures of 23/18° or 28/ 
23° reduced seed production. Our results 
clearly demonstrate that extreme temper­
ature conditions common in Southeast 
Asia could reduce the number of viable 
gametes sufficiently to account for the 
poor seed yield of Chinese cabbage. 
However, the most drastic effect of high 
temperatures on reducing seed yield oc­
curs after pollination. These results also 
indicate that high temperature conditions 
are a major contributing factor limiting 
good seed production in the tropics.
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