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Effects of four kinds of regulatory agents on cold-tolerance of rice

YANG Wen-fei', DU Yong-lin>, GU Da-lu', JIA Yan-yan', WANG Wei-zhong', WU Chuan-wan',
DU Xiao-feng', WEN Ting-gang', PENG Jie'

(1. Institute of Agricultural Sciences of Huaiyin in Xuhuai District of Jiangsu Province, Huai’ an 223001, China; 2. Jingsu Provincial Commission of Ag-
riculre , Narying 210036, China)

Abstract: Rice variety Huaidao 5 was adopted to investigate the effects of regulatory agents chitosan, salicylic acid,
abscisic acidand polyethylene glycol on low temperature tolerance in cold-stressed rice. Cold stress decreased the content of
chlorophyll, SOD and POD activities, and increased the proline and MDA content in the second leaf from the top of rice.
The prolongation of cold stress resulted in greater negative effect on the content of active substances in the second leaf from
the top of rice. The applications of chitosan, salicylic acid, abscisic acid or polyethylene glycol could increase the content of

chlorophyll, SOD and POD activities, decreased the contents of MDA and proline in the second leaf from the top of rice,

and improved the seed setting rate and 1 000-grain weight.
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The salicylic acid and polyethylene glycol showed better
effects on the improvemont of enzymes activities in the
second leaf from the top of rice, suggestive of higher

contents of cold-tolerant active substances and smaller
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Fig.1 Effects of regulatory agents on chlorophyll content of rice second leaf from top under low-temperature stress
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Fig.2 Effects of regulatory agents on proline content of rice second leaf from top under low-temperature stress
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Fig.3 Effects of regulatory agents on SOD activity of rice second leaf from top under low-temperature stress
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Fig.5 Effects of regulatory agents on malondialdehyde content of rice second leaf from top under low-temperature stress
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Fig.6 Effects of regulatory agents on rice seed setting rate under low-temperature stress
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Fig.7 Effects of regulatory agents on 1 000-grain weight of rice under low-temperature stress

3 9 ik
31 ATYRIMEEBE T KEHRIHERES
ERF N

HeEAE AR 7 (5L Al 0T i 2 R 2R
HATCEVER F 2 T, IR i e b i 28R
T2/ S5EY e E — o B SCE, (HTE
KgAK ER SR AW 2B IRERI LR, RS
flKAE R R S T R, HL R IR S ] Y
FEA SR ER S R T PR AR R
(S e (Y RN D= 1= SR |1 3797/ ST
M2 R S EE R R 2 Hasselt! 7 KRR T
MR TR R HE TORS RNEERS, Mi2
T B 4 28 2 2B IR AY 25 231 5 Friend "™ TIIA K
MER R SRR, AT REE B TR AR & 1R
Y5 BT AN A2 5 S S R AR O, T 2 T 45 A
R AR T I R A I R R IR TS R T R
ik, PSR R A SR TR,

FETKRE B 31 W i JBE 7% R K R L e R b R &
TR ST DABRE KR BT 0R ARA
FERI, TR KA IR 50 R AR 2 e KA
Zp R0 1 AT DA e AR TR R KR R 3R
T, KGR R O R KRG R R 5
HROR I T2 R0 B IE 1R
3.2 ETYRIHMEEME TAKREH F RERE R
A

R PR AR N &7 A R R I RS A
FECH E SRR P BN 2 5 R R i 4E 1k
RS A AL 77 4 MDA % | RS20 kR
B AR 2 d.5 d J5, KSR MDA & 1)
JERA I, LBt (0K P e [ A A T e S 4
RS, FEARIRMA T Wi e R KR TR R |
RO FERBERE KA i 7 MDA B9 7 &, 30
R IR 38 X KRG A5, 5 SR A Bk AR AR
Friend 45" (R fiff 50 45 S — S0 R MG B RS
KR IR 2 BEREAR KRG I MDA 7 & A 5K



W3 REE <4 R 35 4 B0 2K e i PR RE 77 A9 ) 745

R T REMPLIEIR . Ui, 72 MH WV IR LK
MR TN R £ — AT LA e T 7 Ak i 48 k)
XK FE 053 | K A R 3R 2, — P41 v 7 e it 9
IR LT

FE A AT AL T 2R 0 5 000 5 W 3 A G, A 56
i35 (4n SOD ,POD %) W] AH H. Yp ], 3& (8] v bR A 4
(UNAPUE Ak NE R I VS Ak ) kAR S N B S )
ET GRS R S Y KR S KRS R
TP A LR TR KRS I R P B BT 4R AL T
W ARl Z 3, LA [ SRR e 4K s A
MEXT ARG R T T R B
WYEIR AR RS - SOD  POD BTG E T, AR
s R 5 A i s S5 A R T 485 SR AR ), ZK RS AR AR R
R, KM H A SOD  POD Bl MR e, ELRE %
VIR oy 268 B[] %) S T 2 R B A, AR IRIR A 2
d i, KR8 —mk FH SOD  POD BTG YE R R (B
HARRE T A K KR 2 5 A K AR 5 d B
KRG SOD | POD T i M R BEIE BE K, 5 B R
RAETF KA J b SOD , POD 1 il 16 PE AT I8 35 22
5o ARG LB, Wit RME KBS IR WV R R ER
£ ] DARRE S AR B e R oK R R e SOD L POD
RS T, H AWK R 3R & RO A, Ui
W], Fe M KR ISR (R & R R Y B AT
PA$ AR 38 R K A - e SOD  POD 3% 1
P K R i FE 2k
3.3 ATYRIMEEMNE FTKBHAPHE®RS
EN T

FEA) 95 375 8 1 ) I A il R A ] s
W R — P EZ IR Y, S E 2 A
TGRS VKT VKOG R A S R BT 18 5 -
B 1k F T A S 7K A R T 3 ) D A S e A A
AL B AL, SR R B S K A A B A 1
RO B3 R TS I i 2 o A ) AR 0 K= e Y (B
RPUIFEE AR L SR DY BB A A
H AR BRI TOK A E AR N IR F i, A
WEFE & B, AL 38 P L3 i K &g b v il e
S, LB PR 2 sf [ ) A 5 i SR e s 34
{HRAEWT RN KR WV R IR & 55
Fa AR ME T KR I R i R R
3.4 EAFYRAERE TABEEERAOFMm

RIRA SO 22 K R T RERT 16 B VE R =2
T EZ K AE ARG A B TR, AR E K

B, PRI 2 38 UK Rl 25 52 RN 4 SRR
BT e KRS TR R R ARy
SERIRW] 2RI X 7K R 1) 45 S 3R T T
AT, 5 2R e S WS A R B,
TEZK R 2RI | AP i 360 X8 7K 5 1) 445 52 4 R T J
AR T KA 1 B R, AR
IF5E A B, 17K A 28 BRI it 52 SR M KA R Mt %
MR R R KR R £ ] DRI
i 3T KRR 7 PR 52 396 1 PR 3R Mol 38 36 7K e i
SRR R A O PR IR I 22 T 72 R K
WlR TR AR & 1 FE e KR R R,
L DR A AP P2 S A KR D ) 16

S Xk

(1] RUEEE Wi = KRG PR BUR S [ ] R BT,
1996,10(2) :41-43.

(2] ZRigdk, sr o, TR 5 22 BB AR X K Rt bk - i
PEAR B 2R 2 s A [ ] v B R 245E 1, 2011,27 (1) :63-
68.

(3] Bfcc Pl g i i it 4R B B R ] O st
B8 ,2002,19(4) :478-480.

(4] ZAE MY ERAASCRFEMABARIM] AU BSEHE H
Ji#t:,2006.

[5] HLr)m AJE X0+ TR g AR B AR LR AR R e [ 1] &
BB ,2014 ,42(12) :3550-3551,3554.

(6] Ihflite Pedsc HNMARRATIT R ] KRE bR, 1997
(4) :1-7.

(7] B Ah, EEE EHE 2558 RO RIK A R TR B O 75 #GR
FHK R PR ER R HLBE ] RS K, 2015,21(4) .
150-154.

[8] 5k &, B R KFHI,SF AR T SME KA B K FE L) BT
AALEER AR [ J]. V5 ARl K 2% 2% 4, 2006, 28 (1) :29-32,

36.
(9] B, 2t k. 2 g m JBUK R PO ve o 5 LT PR AU BR R Ry

KAR[I]. = EYIIIE,1995,17(4) :452-458.

(107 XM, T2 LA 2 A 1 Xt A 49 1) 4T e 5 2R 49 5 3 ML B4 %) 0 5
[ Cl// " R e LR RIS . v [ B2 B A R A ) F 5T
FTSETICER S 48) Abat . Bl# Mkt 1989.31-38.

[11] ZEERs , A [, S, 45, 2 A ) IC I X 7 A 7 9 5 i B
HABLHI[ ] EIKAERL2,2014,28(3) :277-288.

[12] %GB, wigtvs, T2k, 5 2R RG IR Xk f s 52 R m
)] BRI RN, 2014(6) :19-21.

[13] #7936 (20,8 30, SRR ARSI RS
UKL T ] PSR4 40 ,2000,20( 1) +8-14.

(14] B BE 81, BRI, 4 HUKRE M b0 4 2 3 AR R e
WL B KRS 6 A SR M ik g [T KR RL %
2001,15(4) :309-313.



746 LA AR e % 4R 2017 4F 45 33 % S 4 M
[15] E &, 5Ra%, BRER, 5 AR HESR KRSl 6 A F cence correlated with increased levels of mem-brane permeability

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[27]

[28]

AN UG U5 W2 1 5 [ J ). vh K R AL 4%, 2006, 20 (2)
177-182.

N BREE, BIAR 45 52 SO XHEIR KRS S M-t 4 4
PRI [ )] F AR, 2010,33(4) :75-79.

HASSELT P R V.Photoinhibition at low temperature in chilling-
sensitive and resistant piants[ J].Actcz Bot Neerl, 1972,21,539-
548.

FRIEND D J C.The controlby state transition of the distribution of
excitation energy in photosynthesis [ J ]. Physiol Plant, 1960, 13
776-785.

TR, ZERE 0, RSN B ¥2 3 Je it v P [ )] AR W) 4 3l
#%,2004,21(5) :575-586.

5 I, EEAL B R MY SR BT RE M Z ) OC R
[J] A A A4, 2000,36(6) :562-567.

FEFRAL, 22 R HE AN ABA X il 368 7K i S A 0 1 [) T il
WML )]. AR ,2003,13(1) :78-80.

WIER Y, LA 26N, A R ABA i SRR A B
FKFEHTV P 18] AR 4P R B8 AR A [ 7] 3y S BV A8 9 2
42,1994 ,2(1) :44-50.

BRFEWT , S 311, PEG TUAb BUX B R D -1 ) AP IERE I 1 5%
Wil [ 3] A A B4R IR, 1992,28(3) :198-201.

F A, SRR RERTA LR B BIF 57 E R [ 1] BN 2% e 2 4
(ASRBLAARR) ,2004,24(3) :8-12.

FoOEBRERE R, SE T E 9 SR wE RO A
TR ASALL ] AR IATR 2005 (1) :21-24.

B BSR4 Pt AR ICE T FE R KRR AP S A it
SR A AL PR S 2R [ 1] TR AL L2, 2015,43(8)
71-74.

CANSEV A, KESICIM. Changes in antioxidant enzyme activities
during cold- acclimation in sweet cherry cuhivarsgrafted on differ-
entrootstocks [ J].Journal of Food Agriculture and Enviromnent,
2013,11(1) :522 -527.

DHINDSA R S,PLU B—DHINDSA P, THORPE T A.Leaf senes-

[34]

[35]

[36]

[39]

[40]

[41]

and lipid peroxidation, and decreased levels of superoxide dis-
mutase and catalase[ J ].Journal of Experimental Botany,1982,32
(126 ) :91-101.

AR HE BT A A FEAE [ M]3 R LT SR A
2000218 -328.

AR AL A B [ M et A E Al A, 1995.
EIRE Y PCIERE AR A RS S [ )] A AR B AR N
1987,23 (3) :49-55.

R ENRAAL S IEM  H T ARDOE R CR 1]
b 2EBE2A 4 ,2000,20( 1) :84-89.

TR BT, E e AF AR A X DL AR BT COBOR)
Tli A 14 B TG 2 1 A LA AL FE bR i 2 e [ ). Y LA A 25 4t
2005,25(7) :1428-1432.

CHU T M, JUSAITIS M, ASPINAHD. Accumulation of freepraline
at low tem-perature [ J].Physiologia Plantarum, 1978, 43 254-
260.
% x ARBRI Xk, A5 AR B T S P R R S A B X K
e 4y e A PR A SR A e [ ] P S Rl A ) < 41, 2003, 11

(3):241-244.
BIEA, Bk, ML, AR SN IR b 38 T KRR 4 AR

KR KL AE BRALI [ )] L RUR =i iz, 2014,20(22) 1 42-
43,58.

B SR I, AT S PR OR (R G TR X KRR 2 SE S
Em )] B EE 2014 (6) :19-21.

EWE, AR, AR RIS SR S LR
HYIEZR [ T] .8 A 2524 41),2010,21(7) :1725-1730.

T, TRk, FARHG, S5 A8 R IR 98 Hh K RS A A6 45 52 A0
[ T]. A SRR FE 2 ,2004,13(2) :92-95.

BKSLE , E5 T, WRiR AR . 22 R - S AR IR % /K A s 3 19 5
MRl [ 3.3 BAAR W K224 ,2009,40(2) 1 131-134.

TR A AN, XA, 5. 2% 58 K R 2Rl R T A6 W i v
Y EFERRIFSE [ 1] SN AL BF ,2006,34(5) 121-23.

(eG4 RiEE





