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Abstracts

This experiment was conducted at Andong county cropping season to investigate rice
response and consequent changes in the physiclogical activities and agronomic characters of
rice as affected by growth regulator treatments, and to determine how low temperature con-
trols some plant growth mechanisms. Plant growth regulators, particularly ABA, applied to
15 DAT regardless of concentration, gave higher tar plant height and tiller number after 10
days of low temperature treatment than did the untreated plant. However, the differences in
plant height and tiller number among treatments diminished to plant growth. Chlorophyll
content seemed to be enhanced by growth regulators under low temperature condition. The
10-day treatment of low temperature decreased chlorophyll content by more than 17% com-
pared with the untreated control. The oxidizing activity of roots decreased sharply to 52.2
after 10 days in low temperature condition. On the other hand, ABA at concentration of
107*M, highly attains oxiding activity of roots. Generally, plant growth regulators applied at
15 DAT under low temperature reduced grain yield more than did the untreated control
which can be attributed to decreased yield components. When growth regulators were ap-
plied to booling stage, the tiller number did not. show significant difference, whereas the sig-
nificant difference in culm length at harvest was observed in all treatment as a result of dif-
ferent concentration of growth regulators. The growth regulators generally exhibited a sig-
nificant effect on yield component except on panicle length. Grain yield of low temperature
treated plot at booting stage was significantly influenced by application of growth regulators.
This was due to decreased number of spikelet and low filled spikelet percentage. However,
TIBA treatment at booting stage showed no significant differences in grain yield.



INTRODUCTICN

Rice is produced in tropical and temperate are-
as although it originated in tropics. However, the
high adaptability of rice 1o varying climates re-
quires optimal temperature ranges during their
growth and development. Extremely the high
and low temperatures are unfavorable to rice
procuction. Temperature effect on rice is very di-
vergent and complex. The common symptoms of
low temperature damage include failure to ger-
minate or retarded germination, radicle injury,
cotyledon emergence, chlorosis, and accompany-
ing necrosis of newly formed photosynthetic tis-
sue.

Ii is necessary to develop production technique
to reduce cold damage. One way of doing so is to
use growth regulators to minimize cold damage.
Plant survival amidst a diversity of environment
is a reflection of the successful adaptation of
plants to its particular ecological niche. In higher
plants, there are very sirong evidences of the
role of hormones, particularly abscisic acid and
cytokinins, in controlling the mechanisms of
plant response to environmental stress. Evidence
that hormones are involved in resistance to low
lemperature is being accumulated. Abscisic acid
(ABA) and gibberellins{GA;) appear to be the
key hormones invelved. Exogenous application of
ABA has been shown to increase the cold hard-
ness in certain plants {Chen and Gavilertvatana
1979, Rikin et al., 1975). Perhaps, the effect of
ABA on decreasing chilling injury was due to
improved water balance in plants. ABA may im-
prove the water balance by affecting a decline in
transpiration as well as by decreasing root
resisiance to water efflux (Jones and Mansfield,
1970; Glinka, 1973; Tal and Imber, 1971; Miz-
rahi et al, 1974). Alternaiively, this hormone
may directly affect the cell membrane. Since
the plant hormone abscisic acid {(ABA) is in-
volved in several siress reactions of planis in-
cluding low temperature stress (Capell and

Dorffing 1990), it is not surprising that ABA ap-
plication has a proteciive function against chill-
ing, freezing, and drought siress. Flores et al.
(1988), and Flores, and Dorffling (1990) listed
the number of plant species that respond to
ABA apphlication with an inerease m chilling tol-
erance. Among them was rice. This study was
conducted to investigaie rice response and the
consequent changes in the physiological activities
and agronomic characters of rice as affected hy
growth regulator treatments and to determine
how low temperature controls some plant growth
mechanisms.

MATERIALS AND METHODS

The experiments were conducted in Andong
county using a split plot design with three repli-
cations. The low temperature treaiment was in
main plot and the plant growth regulator treat-
ments were in subplot. Dongjinbyeo was broad-
casted uniformly on a raised bed of puddled soil
on April 1st. Thirty five days old seedlings were
transplanted with 2-3 seedlings/hill and 30 x13.
Sem hill spacing. The growth regulators, 107*M
and 107°M of ABA(abscisic acid), BA(benzyl
adenine), TIBA(2, 3, H-triiodchenzoic acid), were
sprayed at 15 days after transplanting and boot-
ing stage. Fertilizers at 9-8-8(N-P-K Kg/10a)
were basally applied. Another nitrogen 3Kg/10a
was topdressed at the tilenng stage. Low temper-
ature treatments were imposed in plots by using
flowing water 14°C-16°C for 10 days after 14~
16C transplanted and booting stage. The plots
were continuously irrigated at a shallow depth
after transplanting. The water level necessary for
crop growth was maintained throughout the grow-
ing period. Butachlor at 3 Kg/10a was applied at
5 days after transplanting for weed control. Other
cultural practices, such as insect and disease con-
trol, were done optimum. The plot drained for 1
week before harvest. Harvesting was done when
more than 90% of the spikelets ripened.



Grains were harvested in 5m? harvest areas
that were free from border effects. Grain yield
was compuled at 14% moisture. Four places,
covering 0.08m?, were selected for plant sam-
pling at harvest. Internode length, leaf area,
stem and leaf dry weight, bending index, degree
of lodging and nutrient composition were then
measured. Chlorophyll content was determined
by using laboratory manual for physiological
studies of rice. The oxidizing activity of intact
rice roots (about 1g of fresh root weight) im-
mersed into 25 ml of 20ppm ¢-naphthylamine{a-
NA) solution for 10 minutes to exclude initial
ahsorption of «¢-NA by roots. The intact roots
were transferred into another 25ml of 20ppm &
NA solution which was maintained at the low
temperatures, After 3 hours of incubation, the
roots were removed from a¢-NA solution, 2ml of
the a-NA sample solution was pipetted and re-

acted with 10ml of 0.1% sulfanilic acid {in 3%
acetic acid) and then combined with Zml] of
50ppm NaNO, for 10 minutes. The solution was
then diluted to 25ml with distilled water and the
absorbance of the colored solution was deter-
mined at 530nm wavelength by using a spectro-
photometer(Model Hitachi 160-40).

Resuits and Discussions

1. Effect of plant growth regulators applied
at 15 days after transplanting under low
temperature

Plant characteristics

Low temperature treatment for 10 days re-
duced plant height on 25 days after transplanted,
which was significantly lower than plant height
under normal temperature (Table 1). However,

Table 1. Effect of different growth regulators applied at 15 DAT on the plant height under low temper-

alure.
Treatment Concentration Plant height (cm}
(Mole) Day after treatment (DAT)
0 10 30 60

ABA 10*M 234 29.0 475 91.2
ABA 107 M 23.2 26.2 48.1 91.2
BA 107 M 22.8 26.7 46.3 90.3
BA 105 M 231 26.2 46.2 92.6
TIBA 10*M 23.5 26.3 44,6 89.8
TIBA 10 M 23.7 272 484 93.9
Control 22.9 23.7 458 92.1
Normal temperature 23.2 379 475 92.1

plant growth regulator treatment, especially
ABA treatment, regardless of concentration fi-
nally showed higher plant height than did the
other growth regulators. The difference of plant
height could diminish at heading stage between
low temperature treatment and untreatment. No
explanation can be given for the increase in
plant height with growth regulators compared
with the untreated. But ABA application re-

markably prevented water loss. Besides, its di-
rect effect on the water status, the ABA pro-
tects the membrane system agamnst chilling in-
duced by activation and degradation{Flores et
al,, 1988}, the other studies on growth regula-
tors, auxin increased 3’, 5" -cyclic AMP content
in the tissue of higher plant which diminished the
chilling injury with hardly any growth inhibition
{Koichi and Shimizu, 1977). Present results indi-



cated that low temperature stress could decrease
tillering differentiation at 15 DAT. The tiller num-
ber eould be increased by applied abscisic acid
(ABA) at a concentrations of 10*M and 107°M
under low temperature for 10 days. (Table 2).
However, tiller number, unlike plant height, did
not recover up to harvesting time. This can be
explained by the fact that the tillering period was

shortened by the optimal temperature for tiller-
ing differentiation, hence, the final tiller number
did not changes in later stage with rising
temperture, This is not agree with Oda and
Honda(1963) and Matsushima et al.(1964) re-
ported that tiller number increased proportionally
to temperature decrease.

Table 2. Effect of different growth regulators applied at 15 DAT on the number of tiller under low tem-

perature.
Treatment Concentration Tiller number (no./hill}
(M) Day after treatment (DAT)
0 10 30 60

ABA 10*M 6.2 9.5 134 145
ABA 10°M 6.5 9.5 135 14.2
BA 10*M 6.0 8.7 11.6 13.6
BA 107* M 6.4 8.2 124 13.9
TIBA 10 M 6.0 89 12.6 13.7
TIBA W0W°M 6.1 8.1 13.1 13.6
Control 6.3 74 11.4 12.9
Normal temperature 6.4 8.2 143 16.2

Dry matier production

The effect of low temperature resulted in re-
duction of dry matter in the shoot(Fig. 1). This
may be the resuli of consumption of
nenstructural carbohydrates and proteins with-
out replacement since photosynthesis is impaired
by the low temperature. Each concentration of
ABA showed higher dry matter production than
that of other growth regulators treatment during
the 10-day low temperature stress. However, all
of the growth regulators treatment could mini-
mize dry matter reduction. This result agrees
with Dai(1983) that the dry matter production
of rice seedling would stop or decrease at the
time when rice plant is exposed to low tempera-
ture stresses.

Chiorophyll content

Chlorophyll content could be enhanced by
growth regulators under low temperature condi-
tion. The low temperature treatment for 10 days

decreased chlorophyll content by more than 17%
in comparison with the control plot (Fig. 2).
Smaller amount of chlorophyll could resull in
lower photosynthetic rate, consequently, lower
dry matter production. BA at concentration. of
107*M and TIBA at concentration of 10™°M had
much higher chlorophyll than that with a low
temperature treatment for 10 days. The differ-
ence in chlorophyll content of any of the growth
regulator treatments at different concentration
was not significant. This study agrees with
Kanoe and Park, that the yellowing of rice
leaves were caused by a decrease in chlorophyll
content and an increase in the ratio of yellowish/
greenish pigment by low temperature. The most
efficiency and sensitive parameter for selecting
cold-tolerant rice varieties at seedling stage is
chlorophyll content because the first plant pro-
cesses limited by chilling temperature is photo-
synthesis (Powals, 1984).
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Fig. 1. Effect of different growth regulators applied at 15 DAT on dry matter under low temperature.
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Fig. 2. Effect of different growth regulators on chlorophyll content under low temperature.

The oxidizing activity of roots

The low temperature stress greatly affected
the activity of root system. The oxidizing activity
of the roots decreased sharply to 52.2(mg/NA/g
root/hr) after 10 days under low temperature
condition. On the other hand, ABA at concentra-
tion of 107*M and TIBA at concentration of 107+
M highly attain oxidizing activity of roots (Fig.
3). There was a difference in root activity be-
tween growth regulator treatmenis and control
under low temperature condition for 10 days.

Results of this study appeared to agree with pre-
viously reported work (Matsunaka, 1960., Ando
et al 1983, and Dai 1985.). Rice seedling root
grows favorably at 19'C-35C with optimum at
25°C-28T. It is severely inhibited by tempera-
ture below 16°C(Nagai and mutsushita, 1963). It
is possible that in rice roots, low temperature
stress either reduce the synthesis of many nor-
mal proteins or synthesize some new sets of chill-
ing shock proteins to minimize response io low
temperature stress. The low temperature damage



to rice plant is a consequence of a lack of root
water absorption and resultant leaf desiccation.
The physiological effect of the applied ABA an-
alog in preventing chilling injury and this in-
creasing cold tolerance seems to involve several
mechanisms. Most important seems to be its
waler-conserving effect. Fig. 4 shows stomata
behaviour when ABA applied at 15 DAT of rice
under low temperature. ABA treatment had an
effect on stomatal closure, whereas no treat-

ment kept stomata open. This result agrees with
Ludewig et al. that chilling-induced water loss
due to inability of the stomates to close, and per-
haps also due to increased resistance of the root
to water. This view is based on the observation
that water potential decreases during the chilling
treatment of rice and that appling ABA analog
prevents this chilling-induced water deficit (Flo-
res et al., 1990).
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Fig. 3. Effect of different growth regulators on the oxidizing activity of the roots under low tempera-

ture.

Yield component

The panicle numbers were not affected by the
different plant growth regulators under low tem-
perature (Table 3). On the other hand, low tem-
perature treatments without appling growth reg-
ulators decreased on panicle number. Compared
with other treatments, application of TIBA at
concentration of 107°M showed highest panicle
number among the treatments. This result was
similar to that of Yamada et al.(1962) that the
growth retardant TIBA, which is capable of
counteracting the action of auxin, promotes till-
ering. Tillering in rice plants can be controlled by
auxin or anti-auxins. Ishizuka et al.(1962) re-
ported that low temperature at 13°C strongly in-

hibited the carbohydrate and salt translocation
into the growing organs resulting in decreased
panicle number at tillering stage. The growth
regulators generally did not have a significant ef-
fect on spikelet number. However, the lowest
spikelet number was found in control plants
among the treaiments. The growth regulators
generally did not have a significant effect on
spikelet number and 1000-grains weight. Howev-
er, the lowest spikelet number and 1000-grains
weight were recorded in control plots among the
treatments. The growth regulators gave a higher
filled spikelet percentage than did the control,
but they had no sigmficant effect on filled spike-
let percentage. Findings collaborate with report
of Matsushima(1964) that at early growth



Fig. 4. Up ' A stomata on the higher leaf surface at 15 DAT of rice (X800).
Low : A stomata on the higher leaf surface of rice when ABA applied with 10~*M concentra-
tion at 15 DAT. (X800).



stages, the water temperature affects yield by af-
fecting the panicle number per plant, spikelet

number per panicle, and the percentage of rip-
ened spikelets.

Tabie 3. Effect of different growth regulators applied a* 15 DAT on yield component under low temper-

ature,
Treatment Concentration Panicle number Spikelet number Filled spikelet 1,000 grains
(M) (no./plant) {no./plant) (%) weight(g)
ABA 10'M 135 ab 87.1a 89.5a 241a
ABA 107°M 13.6 ab 878a 90.2a 209a
BA 10*M 12.9 ab 0l4a 88.2a 205a
BA 107 M 12.6 ab 85.2 ab 89.1a 207 a
TIBA 107*M 13.6 ab 888a 83.7a 204 a
TIBA 10° M 14.7a 88.1a 893 a 208a
Control 12.2b 848 b 824 b 19.7a
Normal temperature l46a 91.3a 923a 218a

In a column, treatment means having a common letter are not significantly different at the 5% level by

DMRT.
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Fig. 5. Effect of different growth regulators applied at booting stage on yield under low temperature.

Grain yield

Grain yield, which ABA was applied at 15 DAT
was higher than any other growth regulator
treatment. On the whole, plant growt 1 regulator
treatments reduced grain yields more than did
plant in control plots{Fig. 5). However, differ-
ences were not significant among growth regula-
tor treatments. Lian{1972) postulated that de-

creased rice grain yields was due to discoloration
of leaves resulting in decreased photosynthetic
rate. Since cold tolerance in rice could be in-
creased by the application of ABA to increase
the endogeneous level of ABA, selection and
breeding for “high ABA plants” may be a prom-
ising way to increase cold tolerance in rice. But
no information is available as to whether this has



been tried.

2, Effect of plant growth regulators applied
at booting stage on rice growth under low
temperature

Plant characteristics

Different concentrations of growth regulator
application gave significant differences in culm
length at harvest(Table 4). The highest culm
length was recorded in normal temperature plots.
No difference was observed in BA treatments,
regardless of concentration. However, culm
length significantly decreased in ABA and TIBA
treatments. Suzuki et al.(1981) measured the

levels of endogeneous GA, and GAy in rice
shoots at various stages of internode elongation
and found decreasing values from maximum till-
ering stage io heading. Probably, both ABA and
TIBA inhibited gibberellic acid biosynthesis at
booting stage, accounting for the significant re-
duction in culm length. Tiller number did not
vary (Table 4). No significant differences in till-
er number occurred with growth reguiators ap-
plied at different concentrations at booting stage.
However, Nakuta and Nakai(1977) who report-
ed that application of growth retardant B, to rice
leaves at transplanting inhibits leaf emergence
rate and promotes tiller growth.

Table. 4. Effect of different growth regulators applied at booting stage on culm length and tiller number

under low temperature.

Treatment Concentration Culm length{cm) Tiller number(no/hill)
{Mole)
ABA 10~ 775 ¢ 12.8a
ABA 1078 78.2 be 13.2a
BA 10~ 79,7a-¢ 12.8a
BA 1073 79.7a-¢ 12.4a
TIBA 1074 769 ¢ 12.4a
TIBA 107 82.3ab 12.7a
Control 78.9 be 124a
Normal temperature 83.6a 13.0a

In a column, treatment means having a common letter are not significantly different at the 5% level by

DMRT.

Yield component

The growth regulators generally did not have
a significant effect on panicle length, regardless
of treatments, among the growth regulators
treatment, BA applied at 10™M concenration
gave the highest panicle length. For low tempera-
ture treatment at booting stage 107*M concen-
tration of BA application significantly decreased
panicle length (Table 5). Generally, low temper-
ature treatment reduced spikelet numbers,
although growth regulator application at booting
stage did not affect spikelet number with BA

with 10™*M was highest and lowest with TIBA
application (Table 5). The 1000 grain weight did
not significantly differ among treatments(Table
5). trends were similiar for growth regulator ap-
plied at early and rooting stage. The low temper-
ature treatment at panicle initiation gave a lower
percentage of filled spikelets than did the normal
lemperature treatment(Table 5). Although
growth regulators significantly affected the per-
centage of filled spikelets. However, no signifi-
cant difference was observed on the same trait
among the different concentrations of the three



growth regulators applicating. Sterility is caused
by low temperature at the meiotic stage resulting
in unfertilization at anthesis. Several develop-
ment steps are invoived between the cause and
the effect microspore growth, dehiscence of an-
thers, pollen mitosis, pollen growth dihiscence of
anthers, pollen shedding on stigma, pollen tube
elongation and fertilization. Ito et al.(1970)

made precise observations at anthesis on the defi-
nite lecation of spikelets at meiotic stage. 1
njuries observed were arranged in developmental
order than anther. Also, other researchers found
that the main cause of sterility was pollen imma-
turity which at heading time was quantitatively
manifested by low respiration.

Table 5. Effect of different growth regulators applied at booting stage under low temperature,

Treatment Concentration Panicle Spikelet Weight Filled spikelet
{Mole) length number (g/1,000 percentage
(cm) (no/panicle) grains) (%)
ABA 10*M 19.0ab 94.3bc 20.8a 82.8cd
ABA 107°M 19.2ab 98.0be 21.8a 8810
BA 10~*M 19.0ab 92.3be 215a 87.1b
BA 10°M 201D 102.2ab 21.5a 924 a
TIBA 10~*M 19.4ab 88.2hc 21.0a 81.2d
TIBA 10°M 195a 91.3bc 21.6a 86.0bc
Control 182 b 84.7¢c 21.0a 79.1d
Normal temp. 20.4ab 110.3a 21.2a 936 a
In a column, treatment means having a common letter are not significantly different at the 5% level
DMRT.
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Fig. 6. Effect of different growth regulators applied at 15 DAT on yield under low temperature.

Grain yield
Grain yield of low temperature treatment at
panicle initiation was significanily influenced by

application of growth regulators. Grain yields
varied from 409 o 454 kg/ha (Fig.6). This was
due to shortened panicle length and low filled

—52-



spikelet percentage. However, TIBA treatment
at panicle initiation gave no significant differenc-
es in grain vield occurred low temperature treat-
ment without growth regulator application. Lee
et al. reported that during the early reproductive
stage, the degeneration of spikelets and rachis-
branchs occurred, whereas at the meiosis stage
there is increased sterility owing to poor develop-
ment of pollen and shortened panicle length.
Therefore, grain yield decreased under low tem-
perature stress,
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