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Physiological Characteristics Related to
Cold Injury in Rice
Soon Jong Seok*, Il Boeng Hur*, and Jeong Nam Im*

ABSTRACT : Cold stress influence plant growth through a wide range of growth characters. Adverse effects
of low temperature to plant growth come from results of colligative and complex physiological responses to
cold stress. To evaluate more exactly cold tolerance of crop plant, it is needed to observe physiological changes
induced by cold stress and to analyze relationships between intraspecific variations in physiological factors
related to cold tolerance and the extent of cold tolerance in the field. Therefore, the composition and
unsaturation ratio of fatty acids in phospholipid, a constituent of membrane, the transition-temperature in
respiratory activity of mitochodria, the chlorophyll fluorescence as a factor related to photosynthesis were
investigated in rice plant and data on these factors were compared with the degree of cold tolerance obtained
in the field experiment. Also, effects of hardening and Mn** treatment were evaluated as a method to reduce
chilling injuries.

The unsaturation ratio of fatty acids, whether rice plants were grown in a natural condition or under the
chilling stress, was higher in the cold- tolerant varieties and was significantly correlated with the degree of
cold tolerance{1-9) observed in the field experiment. And it was also increased by chilling treatment or
hardening treatment, due to a reduction in palmitic acid content and an increase in linolenic acid content.

The transition-temperature of respiratory activity of mitochodria isolated from etiolated rice seedlings
(25°C, two week-grown in the dark), was correlated with the degree of cold tolerance in the field, cold
-tolerant varieties showing a lower transition-temperature. It was not influenced by growth stages. The
intensity of chlorophyll fluorescence was highly correlated with the degree of cold tolerance, cold-tolerant
varieties having a higher fluorescence intensity. By foliar application of Mn, the transition-temperature of
respiratory activity was lowered as much as0-2C in all tested varieties. Soil application of Mn induced more
significant effect in cold-susceptible varieties with a possibility of reducing chilling injuries.

On the whole, there were high correlationships among the degree of cold tolerance, the unsaturation ratio
of fatty acids in phospholipid, the transition- temperature of respiratory activity and chlorophyll fluorescence
except for a few varieties. The transition- temperature of respiratory activity appeared to be negatively
correlated with the unsaturation ratio of fatty acids, and the chlorophyll fluorescence to be positively
correlated with the unsaturation ratio. This implies that these physical and physiological factors were very
closely related to cold tolerance and can be used as an effective index of the evaluation of cold tolerance of
crop plant. But other factors as well as three factors discussed above are needed to be considered colligatively
and altogether with a systematic analysis for the more exact evaluation of cold tolerance.

in rice cultivars. in rice cultivars.

* @SR GRERZERT (Agricultural Sciences Institute, RDA, Suwon 441-100, Korea)
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Table 1. Fatty acid composition of phospholipid and unsaturation ratio of the phospholipid in rice cultivars.

{Natural condition)

Cultivar Fatty acid composition Unsat./** tolgl?a}gce
Palmitic Palmitol.  Stearic Oleic Linoleic  Linolenic Sat. (Seedling
(6:0)  (16:1) (18:0)  (18:1) (18:2)  (18:3) ratio stage)
Chucheong (J)~ 23.9 3.7 1.6 4.8 33.6 32.4 2.78 2
Yeomyeong () 24.9 4.2 1.5 5.1 32.3 32.1 2.79 1
Qdae (1) 26.2 3.7 1.9 6.3 33.1 28.7 2.56 1
Sobaek (1) 24.0 5.2 1.6 4.8 33.7 30.7 2.91 2
Namyang 3 (1) 23.9 6.0 1.5 4.3 30.4 33.9 2.94 1
Suweon 346 (1) 24.7 4.3 1.6 4.5 30.7 34.2 2.80 2
Suweon 345 (1) 24.3 6.0 1.9 4.6 30.5 32.6 2.82 1
Daegwan (1) 24.5 4.6 1.8 6.0 33.9 39.2 2.80 1
Hwaseong (17) 23.9 4.4 1.9 4.8 34.1 30.9 2.87 2
Mean 24.5 4.7 1.7 5.0 32.5 31.6 2.81 1.4
Yongmun (T) 25.7 3.5 1.5 5.3 3.4 29.6 2.68 7
Namyeong (1) 26.4 4.1 1.5 5.1 33.9 28.9 2.58 6
Cheongcheong  (77) 25.5 3.6 1.6 5.6 33.1 30.6 2.69 5
Hangangchal (/) 25.4 3.4 1.7 5.9 35.6 28.0 2.69 7
Samgang (1) 26.6 4.0 1.7 5.5 33.7 28.6 2.53 7
Yongju (e} 28.1 4.0 1.6 5.5 32.3 28.5 2.37 7
Milyang 23 (1) 27.0 4.4 1.6 6.1 32.6 28.3 2.50 6
Taebaek (1) 26.7 4.4 1.8 5.7 31.5 29.8 2.51 7
Nampung (1) 27.1 4.2 1.6 5.3 33.5 28.3 2.48 6
Gaya (77) 26.8 3.8 1.5 5.8 34.2 27.9 2.53 7
Suweon 339 (17) 26.1 4.9 1.5 5.5 33.4 28.7 2.62 5
Pungsan (1) 25.2 4.8 1.6 5.7 33.2 29.4 2.73 5
Mean 24.6 4.1 1.6 5.6 33.5 28.9 2.58 6.3

* Ecotype : J (Japonica rice), T(Tongil type rice)

*#* Unsaturated/saturated ratio=916 : 1+%18 : 1+%18: 2+18 1 3/%16 : 0+ %18 : 0
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‘Table 2 Fatty acid composition of phospholipid and unsaturation ratio of the phospholipid in rice cultivars.

{(Chilling treatment)

Cultivar Fatty acid composition Unsat./** ICold
Palmitic Palmitol. Stearic  Oleic  Linoleic Linolenic ~ Sat. fe ecling
(16:00  (16:1) (18:0) (18:1) (18.2) (18.3) ratio stage)
Chucheong ()* 238 3.0 1.7 4.9 34.6 32.2 2.92 2
Yeomyeong (1) 23.3 2.7 1.4 5.0 34.0 33.5 3.05 1
Odae (rr) 23.7 2.6 1.6 4.8 33.7 33.8 2.95 1
Sobaek (1) 23.5 2.3 1.7 5.0 34.8 32.8 2.97 2
Namyang 3 (1) 23.2 2.8 1.7 4.4 33.5 34.5 3.02 1
Suweon 346 (1) 23.0 2.6 1.6 4.8 35.6 32.8 3.07 2
Suweon 345 (/) 23.5 2.5 1.6 4.8 33.4 34.2 2.98 1
Daegwan (1) 23.4 2.2 1.5 5.6 36.3 31.3 3.02 1
Hwaseong (#) 23.3 2.2 1.5 4.7 35.0 33.3 3.03 2
Mean 23.4 2.5 1.6 4.9 34.5 33.2 3.00 1.4
Yongmun (T) 24.5 2.6 1.6 4.0 33.7 33.7 2.83 7
Namyeong (1)  24.8 2.7 1.4 4.8 3.4 31.3 2.82 6
Cheongcheong  (/7) 24.2 2.7 1.8 4.8 33.0 33.6 2.85 5
Hangangchal (/) 24.1 2.1 1.7 4.6 35.2 32.5 2.88 7
Samgang (rry 253 2.2 1.8 5.5 34.1 31.5 2.69 7
Yongju (1) 25.0 2.8 1.7 4.8 33.6 32.1 2.75 7
Milyang 23 (1) 24.9 2.4 1.4 5.0 34.5 32.0 2.80 6
Taebaek (1) 24 .4 2.2 1.6 4.5 34.6 32.8 2.85 7
Nampung (1) 24.3 2.8 1.5 4.8 35.2 31.7 2.78 6
Gaya (1) 24.8 2.3 1.6 5.0 35.6 30.8 2.79 7
Suweon 339 (1) 23.7 2.4 1.6 5.2 36.2 31.1 2.95 5
Pungsan (1) 23.6 2.4 1.5 5.3 34.2 33.2 2.98 5
Mean 24.5 2.5 1.6 4.9 4.5 32.2 2.83 6.3

* Ecotype : ] (Japonica rice), T (Tongil type rice)

** Unsaturated/saturated ratio=2%16 : 1+%18 : 1+ %18 : 2+18 : 3/%16 : 0+ %18 : 0
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Fig. 1. Relationship between fatty acid unsatura-
tion ratio of phospholipd isolated from rice
leaves and cold tolerance(field data*’s?,
from Crop Experiment Station) of rice
cultivars.
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Table 3. Fatty acid composition and unsaturation ratio of the phospholipid isolated from rice plant by

hardening treatment.

. Fatty acid composition (Weight %) Unsat./**
Cultivar  Treatment  —p i Paimitol. Stearic  Oleic  Linoleic Linolenic  Sat.
(16 1 0) (16 : 1) (18:0) (18 . 1) (18 :2) (18 - 3) ratio
Control’ 25.5 1.1 2.1 6.8 34.8 29.7 2.64(100)
Control 25.1 0.8 1.8 4.8 36.6 31.0 2.73(103)
Yeomyeong +C.T.*
Hardening 23.0 1.6 1.2 6.6 34.4 33.0 3.12(118)
Hardening 23.5 3.0 1.2 4.0 35.2 33.0 3.05(115)
+C.T*
Control 27.4 1.0 1.9 7.5 32.8 29.4 2.42(100)
Control 25.7 2.5 1.7 5.3 35.1 29.7 2.65(109)
Milyang23 +C.T*
Hardening 23.5 2.1 1.5 7.7 33.8 31.5 3.00(124)
Hardening 26.5 2.6 1.3 4.3 35.2 30.1 2.60(107)
+C.T.*
* Chilling treatment
** Same as Table 1. ( ) Index
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Table 4. Transition temperature of the respiratory activity of mitochondria isolated from etiolated rice
seedling, seedlings and young panicles at booting stage.

Transition temperature Young Cold
. of respiratory activity . panicle tolerance
Cultivar Etiolated seedling Seedling {(booting (seedling
88 89 stage) stage)
Chucheong (J) 16.0 16.0 16.3 - 2
Yeomyeong (1) 14.5 14.5 15.8 15.0 1
Odae (1) 13.0 13.0 14.7 17.0 1
Sobaek (1) 12.5 13.0 14.7 - 2
Namyang 3 (1) 13.0 - 16.0 13.0 1
Suweon 346 (1) 11.0 15.0 16.0 11.0 2
Suweon 345 (11) 14.0 - 15.3 - 1
Daegwan (1) 13.0 - 15.8 17.0 1
Hwaseong (1) 13.0 13.0 14.3 13.0 2
Mean 13.3 14.1 15.4 14.3 1.4
Yongmun  (T)* 19.0 17.5 17.3 13.0 7
Namyeong (1) 19.0 - 18.3 - 6
Cheongcheong (/) 17.5 - 16.8 15.0 5
Hangangchal (//) 18.0 17.5 17.3 19.0 7
Samgang (1) 19.0 19.0 18.3 16.0 7
Youngju (1) 19.0 18.5 18.8 16.0 7
Milyang 23 (71) 15.0 15.5 14.8 13.0 6
Taebaek (1) 17.5 16.5 16.5 16.0 7
Nampung (11) 17.0 17.0 17.0 15.0 6
Gaya (1) 18.0 18.0 17.3 17.0 7
Suweon 339 (1) 16.0 - 16.5 - 5
Pungsan (17) 16.5 15.5 17.0 15.0 5
Mean 17.6 17.2 17.2 15.5 6.3
* Ecotype . J{(Japonica rice), T(Tongil type rice)
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Table. 5. Changes is transition temperature of res-
piratory activity of mitochondria in seed-
ling age of the rice cultivar grown in the
growth cabinet.

Seedling age (week)

Yeomyeong 1 2 3 1 5
Transition
temperature 12.5 14.5 15.5 15.5 16.5
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Table 6. Transition temperature of respiratory activity in mitochondria from rice cultivars.

(c)
. Leaf blade .
Cultivar Etiolated Seedling Booting Heading ég&l&% to(lie(;lz‘ljnce
seedling stage stage stage
Sangpung 12.0 12.5 11.5 - 11.5 R
Pungsan 16.0 16.0 16.0 16.5 M
Saetbyeol 17.5 18.0 17.5 17.0 18.0 S

* R : Resistant ; M : Medium . S : Susceptible
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Table 7. Changes in transition temperture of respiratory activity by Mn treatment.

Transition temperature('C)

Cultivar Control Chilling Mn leaf spray Mn soil application
treatment +chilling treatment +chilling treatment
Sangpung 13.0 15.0 13.0 15.0
Nakdong 15.0 17.0 13.0 17.0
Pungsan 15.0 13.0 15.0 15.0
Chilsung 19.0 17.0 17.0 13.0
PRliER 2 B BRMES b Bt (photo-oxyda-  H<c},

tion) B ik #&#E-S dohnx dA ch.®
MngEHol| o3 MHREYE EBRiEEY e
2 (% 7) Mnd EEHAISIZEA IPREYE &
BBREE 0~2C ¥5dor, HEERS 9+
o fetEe] 333 AAMolA "= stepmct.
MR BIEEEA osled MR £mEe
superoxidet} peroxide® BiE#ifEel shui=z
SODY} peroxidaseol 233 o] &5 BrEAIF+=
o, Mn2 SOD2 cofactorZ {EFf3Z SODY
iGtkel EEY &#HS ol oz ul&
of Mo}l {Kille] 9)sled ARKS ol3 HFHYWH
2 BEId GERREERS Ykl ez A7

FERhRE Aehfnfy, PRORUENE @RS, X

ﬁﬁ B mateniel MERRF
KHEAES eSS Z2RCAM, E£FWHI,
2o fES FHELR HBEN A3k oA
matEe] BBE T4 #IEE IREiEER&M
%, mitochondria®| MEEYE HEBERE 3 EHK
CRBS FAEsl mheHREEe B RE
dlo] Hokel, olF 37tA] EFS HiEo R FEE
< A2 7}nnf§_‘?4it FH T 95E,
ﬁ:' HEolAde 59 5 1271 fiEez &

o
fﬁﬁ *i
21RFES FE 8ol 73 »}E}ﬂttﬂ, HAZ W

Table 8. Transition temperature of the respiratory activity of mitochondria isolated from rice plant, chloro-
phyll fluorescence of leaf blade and fatty acid unsaturation ratio of rice seedling.

Transition temp. of Fatty acid unsat. Cold
Cultivar respiratory activity Chlorophyll ratio tolerapce
Etiolated Seedling fluorescence Natural Chilling (seedling
seedling stage)

Chucheong (J)+ 16.0 16.3 656 2.78 2.92 2
Yeomyeong (/) 14.5 15.8 712 2.79 3.05 1
Odae (1) 13.0 14.7 768 2.56 2.95 1
Sobaek (r) 12.5 14.7 594 2.91 2.97 2
Namyang 3 (1) 13.0 16.0 758 2.80 3.02 1
Suweon 346 (/) 11.0 16.0 792 2.94 3.07 2
Suweon 345 (1) 14.0 15.3 782 2.82 2.98 1
Daegwan (11) 13.0 15.8 826 2.80 3.02 1
Hwaseong (1) 13.0 14.3 696 2.87 3.03 2
Mean 13.3 15.4 732 2.81 3.00 1.4
Yongmun (T)* 19.0 17.3 460 2.68 2.83 7
Namyeong () 19.0 18.3 473 2.58 2.82 6
Oheongcheong (/7) 17.5 16.8 638 2.69 2.85 5
Hangangchal (/) 18.0 17.3 551 2.69 2.88 7
Samgang (1) 19.0 18.3 499 2.53 2.69 7
Yongju (27) 19.0 18.8 498 2.37 2.75 7
Milyang 23 (r) 15.0 14.8 555 2.50 2.80 6
Taebaek (1) 17.5 16.5 660 2.51 2.85 7
Nampung (1) 17.0 17.0 689 2.48 . 2.78 6
Gaya (1) 18.0 17.3 489 2.53 2.79 7
Suweon 339 () 16.0 16.5 582 2.62 2.95 5
Pungsan (1) 16.5 17.0 640 2.73 2.98 5
Mean 17.6 17.2 561 2.58 2.83 6.3

* Ecotype : J(Japonica rice), T (Tongil type rice)
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Table 9. Correlation coefficient matrix.

X Y, Y, Y, Y,
X -
Y, 0.8731** -
Y. -0.8215** -0.8049** -
Y, -0.8454** -0.8340** 0.7565** -
Y. 0.7219 0.8438** -0.6342%* -0.6649** -

X Cold tolerance, Y, :

Transition temperature of etiolated seedling Y, : Chlorophyll fluorescence,

Y, * Fatty acid unsaturation ratio of phospholipid, Y, : Transition temperature of seedling.
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