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Comparison between physiological properties and cold tolerance under low
temperature treatment during different growing stages of rice in northeast

central region of China
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1 Institute of Environment and Sustainable Development in Agriculture, CAAS, Beijing 100081, China
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Abstract; In northeastern China, chilling damage is the main threat to rice production. The selection and breeding of cold
tolerant rice varieties is an important goal. Research into the differing physiologies of rice strains grown under low
temperature conditions can give guidance for the breeding of cold-tolerant varieties. A better understanding is needed of the
physiological variation exhibited by rice during different growth stages, under exposure to low temperature stress. We
selected fifteen major rice varieties that are grown in the central northeast of China for analysis under controlled
environmental conditions. Following the climatic characteristics of the region and the temperature demands of rice at
different developmental stages, we simulated natural temperature variation with an artificial weather box; set to provide four
daily temperature gradients. A control variety was planted in the natural environment. We examined the relationship
between the cold tolerance coefficient (the ratio of yields under low temperature compared with the control) , and levels
within the leaves of peroxidase (POD) , malondialdehyde (MDA) , proline (Pro), and chlorophyll, during the seedling,

booting, heading and grain filling stages of development. This relationship has been shown to be related to the cold
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tolerance of the plants. Using the weighted average of subordinate function values (D value), of these four physiological
indices, the relative cold tolerance shown by each variety was determined. We found that during each growth stage the
POD, proline and chlorophyll levels decreased. This was in contrast to MDA levels; these were observed to increase. The
subordinate function changes in the four indices are significantly correlated with the cold tolerance coefficient ( P<0.01).
At seedling, booting, heading and grain filling stages, we were able to use the above four physiological indicators to create
an index of subordinate functions. From large to small these were Pro; MDA ; POD; chlorophyll; MDA ; chlorophyll; Pro;
POD; chlorophyll; MDA; POD; Pro and MDA; chlorophyll; Pro; POD. Quantitative analysis of the cold tolerance
characters of each variety was conducted using these subordinate functions; and the contribution of each index to the cold
tolerance of each variety was analyzed. The D value of the four indices not only has a significant correlation with the cold
tolerance coefficient but is also higher than the result of each index. In conclusion, the D value can be used to effectively
evaluate and classify the low temperature tolerance of rice. It can provide an new method of screening for low temperature
tolerance in rice breeding. The changes in the physiological indices observed, when plants were subjected to different
periods of low temperature stress, accurately reflect the cold tolerance of rice, and can be used to effectively classify rice

varieties according to their cold tolerance.
Key Words: rice;low temperature damage ; POD; MDA ; proline ; chlorophyll
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HRHIIX F AR KA b AP AR TORE 81, T OBE 83, T RE 7, 7 KE 88, T KH 803, FOHE 105, T KH 108, P B 7, 7
806 , 4 800, 7K 503, H BE 101, 94, KH 9, KH 16,
1.2 {5k

F-2009 4F5 H 10 H$E 15 D FEFRTE 145 24 em EFREN  BRNEEE IR 208k 7/8 4b, A E FRER N
REFP O AMEZEKAE 3 MR(THI 4 BR) , BEASGFR 3 IKES AL o #5051 120 kg/hm® 80 kg/hm® 80 kg/hm’,
DABENEAAEAEIE 03 2 YA o A3 SIFE BT ( =Hl)) 2Rl ( 22 R ) HlAi ( 32 25 mhaiie ) A SR
(FRAEIIA S ) X HAE 18 N TS b A TR AL B B PR BR IR UM R R R — 3, B 4 AR IR ]
(2:00.8:00,14:00.20:00) , & 6h [l —1E il 7 {8, £5 A= & I I8 B 406 20 J8 1) vp i 19928 . 8°C —8°C—8°C —
8°C ; ZEFEM . 15°C —17°C—20°C —16°C ; i FE M . 16°C—18°C—19°C—15°C ; HEI M . 16—19—20—18, XA Ky

FARE AL BRI AN SRR (3R 1) o ARIRALBRATS | % RN AL PR S AP L AR ] B B AR S0 T s, I

®1 BAERAERMLENPRRESEYE

Table 1 Treatment stages and different low temperature stress of 15 major varieties

WAL P Seedling stage

ZFE ML Booting stage

o H#) IR/ C H 9 R/ C
:nﬁ]' Date Accumulated Temperature Date Accumulated Temperature
opeee NCTET A BUR/C YL H 0 S/ C
Start/End Date Acc temp Start/End Date Acc temp
K 81 6-2/6-9 56 130 7-14/7-21 119 164
M 83 5-30/6-6 56 122 7-9/7-16 119 159.8
HH5 7 5-31/6-7 56 125 7-6/7-13 119 158.6
M 88 5-30/6-6 56 122 7-9/7-16 119 158.6
K 803 5-30/6-6 56 122 7-9/7-16 119 158.6
FHE 105 5-30/6-6 56 122 7-9/7-16 119 158.6
FHE 108 5-30/6-6 56 122 7-9/7-16 119 158.6
AT 5-30/6-6 56 122 7-9/7-16 119 158.6
FHE 806 6-1/6-8 56 126 7-11/7-18 119 166.3
FHE 800 6-1/6-8 56 126 7-10/7-17 119 163.2
FHHE 503 5-29/6-5 56 122 7-7/7-14 119 160.5
HRE 101 5-29/6-5 56 122 7-8/7-15 119 160
FH 94 5-29/6-5 56 122 7-8/7-15 119 160
KH9 5-27/6-3 56 136 7-2/7-9 119 152.1
KK 16 5-28/6-4 56 130 7-5/7-12 119 157.8
i ek 1 Ak Heading stage T A b 3 Milky stage
o H i1 L/ °C H i PR/ C
guﬁ" Date Acc Temp Date Acc Temp
peae NOTGET A BUR/C NCGL 9 SR/ C
Start/End Date Acc Temp Start/End Date Acc Temp
HHE 81 8-5/8-12 119 182.2 8-18/8-25 131.3 149.4
M 83 8-4/8-11 119 179.8 8-18/8-25 131.3 149.4
HkE 7 7-31/8-7 119 173.7 8-14/8-21 131.3 174.8
M 88 8-4/8-11 119 179.8 8-18/8-25 131.3 149.4
A 803 8-4/8-11 119 179.8 8-18/8-25 131.3 149.4
T 105 8-2/8-9 119 174.9 8-17/8-24 131.3 154.2
FHE 108 8-3/8-10 119 177.3 8-17/8-24 131.3 154.2
RE 7 8-5/8-12 119 182.2 8-18/8-25 131.3 149.4
FHE 806 8-7/8-14 119 183.1 8-19/8-26 131.3 147.8
K 800 8-6/8-13 119 181.7 8-20/8-27 131.3 147.6
FHE 503 7-29/8-5 119 173.9 8-14/8-21 131.3 174.8
FHE 101 7-31/8-7 119 173.7 8-14/8-21 131.3 174.8
FHHE 94 8-1/8-8 119 174.2 8-15/8-22 131.3 170.3
KH9 7-25/8-1 119 166.7 8-14/8-21 131.3 174.8
KA 16 7-28/8-4 119 172.8 8-14/8-21 131.3 174.8

HARE S BORFL AR 190 b =, 2 R0 o A SBCER B vl R IR SO BB B o (BB = E 2R
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WFFE I AT P R 0 v 28 S5 A B A 1) 228 A 17 15 ARXS K R = 18 S i 32 17 %o A ] B 34 7K o
PRI V2 P A T 5 [ B R FEAS [ B 45 A SR A 1) A8 AR A DL R A T IR TR T2
1.3 AR AR B H 5 ik

(1) AR A AR U B B TR A B A A P T4 B BIF R o, i T 9094 A B R 28 i (pHT7. 8) , 7
VKT AR B0 I op g v bk, IR B ZARELUA SmlL, 7E 4°C Z5F T 10000 r/min .0 20 min, |7
0B AL, T A B G TN R T A R S I E

(2) i AL VT I | AR S5 N A 2 BRI T T 4 0 (R AR B S B0 F R) 1 e 20 )
SPAD502 M2 221X,
1.4 ZEHWN L

A ARV B PPN AN 5 T B I AR A G, 38 51 T8 A5 X TR ¥4 14 14 5% W A B2 A 0G| D A 43 Wik o i i
W T 45 Sl R R X D (B B 2 FH HEA T A AR IR VA 1 40 2

D=§[u(xj)-(rj/2\rj\)] G=1,2,3+++n)
STty e S IEAE A Z5L POD &R A4 & iR 8 sRECR AR

u(xj) = (%7 — xmin)/(xmax — xmin) (1)
ST 2 ARG 4L MDA & rRECR A
u(xj) =1 - (a4 — xmin)/(xmax — xmin) (2)

o, D & SRR IR 8 T PR G AR PR AR IR R PPN BT A A v PR BE B (5 r DA 25 SR SR MR S
it ¥ ZR AU AR R w( ) S AR IR JE pREE ; omax | amin TSGR 2R j 0048 bR 1 B K
EAE/IMA . % BEE ST PR LE A PR AR e B KR L AR I 2 b ifiE . D (1 =0. 7
HTYE 0. 4<D {H<0. 7 N HEEMIE D (H<0. 4 AT,

1.5 FdEabrg
FITAHR IR K SPSS Gei T A T8 = Ge i T bT , 2 3 LR Duncan 5
2 HREHH

2.1 MR FRE

it ¥ R BTG S — AR TR AL 3™ £ 7 X BRAR AL 3™ 5 A 3 L. 1 RERRE S M AE 1 1) A B S VAR
VI BE 7, AREAL 3L Al = bR R v RGBS
2.2 R[REAE AR A BAE bR SR IS R B D (E 5B
2.2.1 il

B I0] 4 A PR BR SR8 pRAL S TS R AU OC R B IA B 8 257K F- (P<0. 01) , MR EI/INITUF AR IR »
[ 2 > P9 > i AL > R R

*2 HH4IMEERERRBIBE D ESH
Table 2 Analysis of subordinate function of 4 Physiology Indices and D Value of Seedling Stage

i o3 it 2R LR SUE R a7 D18 Tirf ¥4 R 4 iRy
Varieties MDA Proline Chloropyll POD D value CTC Ass. of CT
R 81 0.9053 0.9110 0.9049 1. 0000 0.9206 0.9278 #=HT(HR)
ki 83 0.8424 1.0000 0.8649 0.8924 0.8913 0.8875 #Hi(HR)
kR 7 1.0000 0.7070 1.0000 0.7330 0.8502 0.8490 #Hi(HR)
R 88 0.6724 0.8529 0.8258 0.7630 0.7705 0.8151 #Hi(HR)
A 803 0.7766 0.7562 0.5946 0.8124 0.7282 0.7795 FPL(HR)
HHE 105 0.5275 0.7343 0.7646 0.7192 0.6788 0.7610 iHi(MR)
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i N it 2R UE SUE =R Ia 7] D1{E i ¥ ZR L i ¥ PEAf
Varieties MDA Proline Chloropyll POD D value CTC Ass. of CT
#H 108 0.7544 0.5095 0. 6856 0.5698 0.6228 0.7297 L (MR)
FRE 7 0.7103 0.6364 0.5364 0.5143 0.5941 0.6912 B (MR)
# i 806 0.6525 0.6070 0.4837 0.4874 0.5529 0.6511 L (MR)
1 800 0.5923 0.4502 0.4563 0.4142 0.4737 0.6243 TP (MR)
4 503 0.4942 0.5654 0. 0000 0.3425 0.3502 0.5987 KB (SR)
HRE 101 0.4306 0.3517 0.3456 0. 0000 0.2800 0.5698 fEHT(SR)
HH 94 0.3194 0. 1700 0.2814 0.0524 0.2036 0.5366 KB (SR)
K9 0.2514 0.0000 0.0846 0.2912 0.1547 0.5000 f&HT(SR)
KH 16 0. 0000 0.0636 0.1811 0.1842 0.1052 0.3796 fISHL(SR)
HARZREL A -0.925*" 0.936 " 0.898 ** 0.910* 0.983

kiU 0.2521 0.2551 0.2448 0.2480

Index weight
(1) CTC = Cold Tolerance Coefficient; (2) Ass. of CT =Assessment of Cold Tolerance; * * = 1% B E/KF-. F£3,%4,%5 T

2.2.2 ZEfE
ZETHEIA 4 Fh Az BREE A SR JE R A S TS R B0 A O R 588 38 B 2 25 7K F (P<0. 01) ) AR EIZINI AR R
B N SRR S IR > 1o E ALY I

*3 ZEHANMAERERRRER D EHH
Table 3 Analysis of subordinate function of 4 Physiology Indices and D Value of Booting Stage

i [t it 2R R it E ALY D1{H i ¥ 2R 4L ¥ A
Varieties MDA Proline Chloropyll POD D value CTC Ass. of CT
R 81 1.0000 1.0000 0.8943 0.9524 0.9614 0.9931 PL(HR)
R 83 0.8353 0.9635 1.0000 1.0000 0.9486 0.9430 Pt (HR)
kT 0.7437 0.8935 0.9527 0.8106 0. 8499 0.8849 EHL(HR)
F 88 0.7804 0.8140 0. 8290 0.8737 0.8236 0. 8390 F¥L(HR)
TR 803 0.7517 0.7465 0.7656 0.7733 0.7592 0.8047 Pt (HR)
A 105 0.6503 0.7142 0. 5690 0.7296 0. 6642 0.7729 TP (MR)
FHHE 108 0.5198 0.6483 0. 6479 0. 5400 0.5888 0.7457 FHL(MR)
TR 7 0.4812 0.6710 0.5136 0.4863 0.5369 0. 6990 i (MR)
FHE 806 0.3737 0.5005 0.5736 0.6728 0.5282 0. 6462 i (MR)
T H 800 0.4043 0.4403 0.4793 0.6295 0. 4869 0.5841 "FH(MR)
R 503 0.2784 0.4890 0.4000 0.3956 0.3892 0.5362 BT (SR)
R 101 0.2077 0.5561 0.4215 0. 0000 0.2969 0.4571 BT (SR)
94 0.3438 0. 0000 0.2753 0.3015 0.2324 0.4135 fHL(SR)
KH9 0.0576 0.3646 0.0000 0.2440 0.1627 0.2942 4T (SR)
KK 16 0. 0000 0.1353 0.1735 0.1885 0.1230 0.2890 Bt (SR)
A Z L 2 -0.970** 0.913** 0.962** 0.910*" 0.990 **

FEFRUEL Index weight 0.2583 0.2431 0.2562 0.2423

2.2.3  HhiE
THREI] 4 FhAE BEAE bR E RS TR R B R 5 2 B0 38 20 28 K F (P<0. 01) , AR BN AR Tk
S MR ST T S A AL S I R
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x4 HBEHUMERERRBEIEE D ESH
Table 4 Analysis of subordinate function of 4 Physiology Indices and D Value of Heading Stage

Al N it 2R RS i ALYl D1H ¥ Z 4K [REaA =iy
Varieties MDA Proline Chloropyll POD D value CTC Ass. of CT
TR 81 0.9524 0.9101 0.9202 1.0000 0.9464 0.9303 Pt (HR)
i fE 83 1.0000 0.7327 1.0000 0. 8698 0.9046 0.8787 FHL(HR)
HE T 0.8675 1.0000 0.7197 0.9030 0.8694 0.8581 Pt (HR)
i K 88 0. 6900 0. 8764 0. 8996 0.7357 0.7988 0.8141 FPL(HR)
TR 803 0.7268 0.7577 0.7503 0.8247 0.7650 0.7899 Pt (HR)
A 105 0.7826 0.5215 0. 6505 0. 6905 0. 6645 0.7647 T (MR)
R 108 0.6327 0.7189 0.6837 0.5160 0. 6361 0.7511 i (MR)
SRR 7 0.4729 0.4778 0. 5469 0. 6259 0.5320 0.7317 FHL(MR)
M 806 0.3791 0.6210 0.4564 0.4698 0.4783 0.6957 i (MR)
7 800 0. 5449 0.3357 0.4729 0. 4790 0.4610 0.6708 T (MR)
503 0.4102 0.3852 0.3126 0.3937 0.3751 0.6428 BT (SR)
#HH 101 0.1725 0. 2666 0.2599 0.3231 0.2552 0.5890 fEHL(SR)
A 94 0.3415 0.1459 0.3943 0. 0000 0.2225 0.5574 KB (SR)
KB9 0.2569 0. 0000 0.1747 0.2655 0.1783 0.5243 fHL(SR)
KK 16 0. 0000 0.3904 0. 0000 0.1533 0. 1299 0.4546 BT (SR)
HARFREL P -0.953*" 0.866 " 0.956 " 0.950 0.988 **

FEFRAUEL Index weight 0.2558 0.2325 0.2566 0.2550

2.2.4  HERM
HESI) 4 b A RSB SR e RS TV BT SC R B0 IR B .25 7K (P<0. 01) , R BN U
I TN S M2 3> Il =R > 1 ALYt

*5 HERPUMERERRBEIBED ESN
Table 5 Analysis of subordinate function of 4 Physiology Indices and D Value of Milky Stage

i (75t 2R RS i ALl DA ¥ Z 4L ¥ P
Varieties MDA Proline Chloropyll POD D value CTC Ass. of CT
TRt 81 0.9326 0.9564 0.9562 1..0000 0.9610 0.9355 PL(HR)
i 83 0.8526 0.9422 1.0000 0.9595 0.9379 0.9100 =PL(HR)
k7 1..0000 0.7327 0.8760 0.7526 0.8417 0.8645 Pt (HR)
i 88 0.7275 1.0000 0.6985 0.8305 0.8134 0.8350 =PL(HR)
TR 803 0.7613 0.7653 0.7282 0.6254 0.7207 0.7993 Pt (HR)
R 105 0.6126 0.6821 0.6501 0.7133 0. 6640 0.7655 i (MR)
HRE 108 0.6359 0.5783 0.6633 0.6757 0.6381 0.7402 Hi(MR)
7 0. 6985 0.4200 0.7183 0.3563 0.5500 0.7134 i (MR)
T BE 806 0.3048 0.5554 0.6247 0.5773 0.5140 0. 6865 i (MR)
O 800 0. 5546 0.3620 0.4318 0.4368 0.4471 0.6382 T (MR)
R 503 0.4670 0.3256 0.3618 0.3846 0.3853 0. 6060 4T (SR)
TR 101 0.4125 0.4778 0. 0000 0.4810 0.3428 0.5697 KB (SR)
HHE 94 0.2227 0.2767 0.3212 0. 0000 0.2060 0.5435 BT (SR)
KA 9 0. 1809 0. 0000 0.2763 0.2625 0.1797 0.5037 fEHL(SR)
K16 0. 0000 0.2063 0.2012 0.1930 0.1490 0.3986 BT (SR)
AR F L 2 -0.941*" 0.916** 0.917** 0.904 ** 0.989 **

FEFALEL Index weight 0.2558 0.2490 0.2493 0.2458
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