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Effects of Cadmium Stress on the Physiological and Biochemical Characters of Rice at Heading Stage
GUO Wen-yan, TIAN Xiong, LI Shang-kun et al
Abstract
od] Soil culture method was adopted. We researched the changes of physiological and biochemical characters of four rice varieties ( Yanjing 7,
Chujingxiang 1, Jiayu 253 ,Nanhui 511) under the stess of cadmium (cadmium concentration 0,50 and 100 pwmol/L) ,including SOD,POD,CAT

protective enzyme ,malonaldehyde , proline , soluble sugar, chlorophyll and photosynthetic rate. [ Result ] The SOD activities of 4 varieties were

(College of Agronomy,Guangdong Ocean University ,Zhanjiang , Guangdong 524088 )

[ Objective ] To research the effects of cadmium stress on the physiological and biochemical characters of rice at heading stage. [ Meth-

highly unstable under cadmium stress. At low concentrations of cadmium,SOD activity of Jiayu 253 and Yanjing 7 dropped to 54.62% ,29.6% ,
respectively. At high concentrations of cadmium, they increased to 47.58% ,29.2% ,respectively. At low concentrations,SOD of Chujingyou 1 was
promoted ,but it was inhibited at high concentrations. At low concentrations of cadmium,POD activity of Chujingyou 1 and Jiayu 253 decreased
most obviously,and there were significant differences among varieties. At high concentrations of cadmium,CAT activity of Yanjing 7 was increased
by 101.2% compared with the control group. The proline content of Yanjing 7 was increased by 74% compared with the control group at high
concentrations of cadmium,and there were significant differences among varieties. The MDA variation trend of 4 varieties was basically consistent.
The MDA content decreased by 7.4% and 2.0% ,respectively,in the treatment of low concentration of cadmium. With the increase of cadmium
concentration, MDA content of two varieties increased by 5.0% and 1.9% ,respectively. The reactions of chlorophyll a,chlorophyll b and chloro-
phyll in different varieties under cadmium stress were different,and the overall change was not obvious. Compared with the control group,proline
content of Yanjing 7 increased by 74% ,and the difference was significant. [ Conclusion | This research provided technical and scientific basis for
the production of safe and harmless rice.
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Fig.1 Effects of different rice cultivars on SOD activity
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Fig.3 Effects of different rice cultivars on POD activity
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Fig.4 Effects of cadmium stress concentration on POD activity
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Fig.5 Effects of different rice cultivars on CAT activity
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Fig.7 Effects of different rice cultivars on proline content
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Table 1 Effects of cadmium stress concentration on photosynthetic indexes of rice
B A3 % Net photosynthetic rate( P, ) ZE AV Transpiration( T, )
Cultivars 0 wmol/L 50 wmol/L 100 wmol/L, 0 wmol/L 50 wmol/L 100 wmol/L,
K 7 5 Yanjing 7 6.42 +£0.46 a/e  6.42+£0.46 a/e  6.42+0.46 a/e 4.85+0.45 a/cd 6.38 £0.36 a/c 6.42 +£0.46 a/e
15 6.59 £0.38 a/de 6.59 £0.38 a/de  6.59 £0.38 a/de 5.79 £1.07 a/d 6.26 £0.77 a/c 6.59 £0.38 a/de
% 511 Nanhui 511 5.34£0.35b/c  5.34+£0.35b/c 5.34+0.35b/c 4.29 £0.41 a/b 4.47 £0.45 ab/a 5.34 £0.35 b/c
71 253 Jiayu 253 3.79+0.22 a/a  3.79+0.22 a/a  3.79 +0.22 a/a 3.29 +0.26 a/a 3.68 +0.19 a/a 3.79 +£0.22 a/a
. L Wl — L
At Stomatal conductance(G, ) Intercellular carbon dioxide concentration (C;)
Cultivars
0 pmol/L 50 pmol/L 100 pmol/L 0 pmol/L 50 pmol/L 100 pmol/L
B 7 5 Yanjing 7 0.29 +0.05 a/ab  0.32+£0.03 a/ab 0.32 +0.06 a/b 257.11 £6.72 a/ab ~ 264.44 £3.15 a/abc  264.78 +9.21 a/b

#4511 5 Chujingyou 1 0.35 £0.13 a/be

% 511 Nanhui 511
¥ A 253 Jiayu 253

0.29 £0.07 a/ab
0.22 +0.04 ab/a
0.22 £0.02 ab/a

0.20 £0.04 a/a
0.18 £0.02 a/a

0.22 £0.07 a/a
0.30 +0.04 b/ab
0.24 +0.03 b/ab

265.67 £12.36 a/ab
297.00 £15.12 a/d
260.00 £2.16 a/ab

260.44 +10.08 a/abc
285.33 £5.56 a/c
250.78 £18.57 a/ab

243.67 £4.50 a/a
281.10 £9.99 a/cd
261.67 £5.63 a/b

T R IR 7 SO R £ AR s o /T EERR Rl — SR R YR BE 1] 7E 0. 05 JKF- 28 5 2,/ (9 7 B 2 [] — e BE AN ] it o 1) £
0.05 KF B2 BFH

Note:The data in the table were denoted by mean + SD. The letter before ‘/’ indicated that the different concentrations of the same cultivar was significantly

different at 0.05 level. The letter after ‘/’ indicated that the different cultivars at the same concentration were significantly different at the 0.05 level

R2 AEIRHNMEREX KNS ERER0

Table 2 Effects of cadmium stress concentration on photosynthetic indexes of rice

A M-4% % a Chlorophyll a M-2%{4, b Chlorophyll b

Cultivars 0 wmol/L 50 wmol/L 100 wmol/L 0 pmol/L 50 wmol/L 100 wmol/L
HHE 7 2 Yanjing 7 12.49 +0.11 ¢/ab  7.26 +0.10 a/a  10.17 £0.16 b/a  6.88+0.01 a/a  1.58 +0.39 a/ab  5.45+0.13 a/b
R 1= 16.58 +0.10 b/c  13.13£0.10 /b 17.85+0.09 ¢/d ~ 8.64 +0.04 b/a  1.32+0.49 a/ab  9.58 £0.03 ¢/c

B 511 Nanhui 511 12.11 =1.11 a/a 17.25+1.57 b/b  11.65 +0.36 a/ab 14.30+0.60 a/b 1.56 £0.29 a/ab 10.39 =1.71 a/c

#8253 Jiayu 253 13.94+0.71 a/ab 23.15+0.78 ¢/c  17.80+0.20 b/d  8.54+0.74 b/a  1.43+0.44 a/a  8.31£0.06 a/a

=8 H-23(%, a/b Chlorophyll a/b 452 B Total chlorophyll

Cultivars 0 wmol/L 50 wmol/L 100 pmol/L 0 wmol/T. 50 wmol/L, 100 pmol/L

5487 5 Yanjing 7 1.87 £0.03 a/bc  1.58£0.39 a/ab  1.370.14 a/a  19.37 £0.11 ¢/a  12.68+1.02 a/a  15.61 £0.29 b/a

Bl 1 5 Chujingyou 1 1.69 £0.02 a/bc  1.32+0.49 a/ab  1.49 +0.31 a/a  25.220.09 b/bec  20.27 £0.07a/ab  27.43 +0.12 ¢/e

BgPK 511 Nanhui 511 1.03£0.31 a/a  1.56 £0.29 a/ab  1.24 £0.43 a/a  26.41 +1.10 a/bc  30.70 £4.17 a/c  22.04 +1.92 a/bede
# 253 Jiayu 253 1.82£0.02 a/bc  1.43+0.44 a/a  1.86+0.04 a/a 22.48 +1.42 b/ab 31.460.60 ¢/c  28.11 £0.25 a/abc

T R R BR IR 7 SO 8 = dRifizE . /AT REROR ) —
0.05 /K [ 225 B &
Note: The data in the table were denoted by mean =+ SD. The letter before ‘/’

AR BE (] 7E 0. 05 JK-F b 28 5 B35,/ J5 B 7 RER R ) — ¥R JEE

AN TR b A 7

indicated that the different concentrations of the same cultivar was significantly

different at 0.05 level. The letter after ‘/’ indicated that the different cultivars at the same concentration were significantly different at the 0.05 level



42 BHR A F 2018 £
3 g5t GG TR A R AT AR SR B S8 T, e R T
GRS SRR 07 B WK R AL, G RLABAR I R A g S PR B, R 7 5 R IR o
FEAR B N0 B A{ERR , PRI AT JutloR sz 2 A TR SAnTE TN & 28k S A s e B A G, X 5 Bk

B RIS Yl B 6 A SR 5 0 5 B £ 5 22 4 AN R A
FHEEAT T B X AR I B, B e KR A KRR
W, RTARG XERXTKRE T FE AT T RS, K IR
0 T YA ARG PR, AR 27 B gy &
TEARMR BEAR G T, R PN I LA F)T55 P S B il R e
MR B A B S8 S bk, 76 L S R SOD i
PEZEWTHAIN ., (ER 2 T 4 A Vi BE Ak 2 B, SOD I M
i, I A RS G TRk, %BTR R, e T
HOED 151 SOD B PRIk “ A B, g gt )
ORISR IRV B T 4 XA 1 A= K LA AR 1
AR B2 v BE T4 v , A A v 5 7 I R, DU e
HEERO . (H5EE 253 MR 7 SAEMEEE T, SOD i
RIS . POD I CAT 45 SOD Fj—f¢, #5H.
AR R AR PRI RE J1 . TERFSE S IR, R 3 4
POD )3 P, 17 Zhang %5 BF 545 Hi T 68 45 98 ) 7K ek 7 4
e R 2t POD fE 4k, BFFE & 3L, 0 CAT 36 VERE %
P85 I3 0 R TS B 3 RS 4 SRR — B, TE AR
TR 7 BRI E 253 I H CAT 1R PR N a3, 3 ik
2 S R R A A L2 S VR il L R 5 R i 7 X
TR ORI N 4 AR AR S, AN
o R, AR KAEETE 4B e T /Wi —28 5 4 8 8 7
R LA R L) i AR [R] ,— S RE R A 4 ] LR PP
BT M — S 2 BN S TR 3 AR S L
IEA R Lk gk B GRS R A
TE7F & ARMAEAEAR R 2 Ak, B0 A SRR BB 25 4
RS 1 B, AR SR A S A e

T BB AE B I S, AR P 6 2 7 A R 1 T
3, I S8R A AR R, 7 A T 8 (MDA) 33
FI T MDA Z7r A0 3045 S5 1 527 B 53 VA0 LB 1o 4
PR SRR 4 A SRR T R A R A v 1
SR R 3 55 MR T T R dak R 0 R
BTN B2 AP G o S R HGE AR R 4 pH, R
[) Cd®* ¥k Ji£ Ak BXH 7K R A 7 9 0 35 77 A S, 2 G e
210 mg/L i 4358 pH A% 19 i, & s xRS i Ak K
ARAHHMHIVEI , 25 pH IAF] 9 i, AP A2 T 0] 8
(ZBAR , T ECIEIR 2R R A PR T T W Cd 7
AW, BT LA T Cd® XK BRI 122, B+ +
H pH (4P, T Al S BOZ IR IR 25 H 5T SE AR T G
53— Fh Al R R A A T AR R P A 25 S A RS AR I, AR
(7] 5 DR 50 7K g0 A ] - S 85 0 4 i A 23 T A B e 2
S, PR AT LA OE AR R AN IR 5 o 4 7 R A T ) -
55T 2 A AR R R

D 1o LSR5 1 VR 0y S LA 4 e 3 14 405
E R U E S i — SR R B,
FARAE M- 137 5 I 2 R 1 B3, Youngner 257" % 3, 75

BER—F AR 1 SR Ik S11 A 2002 7 A AT v i
Wl BB B VR AT R M X S RN SE RIS
SERA 2, PO E A T, B8 A R B 2R
L% BRI 28 R ) AR SR 5 00 P 4™ A AT 5 IR R U, K
R A —E BT AEI I RE , IR 2 R A 1 I f AR 4 o 1
HE A e R R A R T SR M 45
S, SHUMA PEZ AR S X T AT R A 1 4
A A E I AT T AN LR S S
S 53 TR P 1038 i 2 BT S R o ST A i
FRAN AT 5 5 KRR W8 5C &R BT 524 e 2 itk —
A VE RV EY A B SER, i R A B TOE A A
M EZAE YR E SR H 52 B sk, A, A2
F1, ARSI A T IE 3 e A PR KRR,
R fR AL E KRS A E RO SR R R R
FLFESOEA TR P, ERBEE B R B, 6 & ik
AL AL HR e B B I OGR4 A ah AR e
RN TG AR AL B e 2R e iR B .
IRFEAEARHA BE 0, Xt R R A ™= A 1 — %€ R
PRI, TR BESG 5 A T, 2 Bk BE B I B — & RERE I, OB
ERIFUA TR R[] e 45 b 3 ] F i i) — 4 Ak
JEPE S AN BT AR e T BRI S e e JEE AN T
JeE MR RN o AN —BE BT 2 A, 5
8T R RO AT N R A AL R AR AL
O ONC AR RS C R BET
W, G, B BA I, Uil P, B9 TR AESE R R AL
(BRI o ORI EER T T e N KR A
AR AL, 764 Ja OB 58 Hh 75 BEEA T 201 S 1T
B, R Bia TG e e A R A RS PR
&% 3k

(1] 20, R, gk, 5. FRIE - s Bk e MRS TR SR
[J]. 22181, 2015 21 (24) :104 - 107.

(2] A LA FH 13RO I K2 FFRp A AT 2R I R R AR R fiE
FEXBGL D] BTN TR ,2015.

(3] PIIZET, R PR, BER. SMDE /KR ) e e B o s e AR o ik e
[J]. hEfEH2,2017,33(10) ;1 -6.

[4] BEAS5, ZISHR W7 47, 5. N AT SRR N A K R e R A= TR IR Y
P oe [ 1] 14,2008 ,34(5) :809 - 817.

[5] SHAH K,KUMAR R G,VERMA Set al. Effect of cadmium on lipid per-
oxidation ,superoxide anion generation and activities of antioxidant enzymes
in growing rice seedings[J]. Plant Sci,2001,161(6) :1135 - 1144.

[6] CHIEN H,KAO C H. Accumulation of ammonium in rice leaves in re-
sponse to excess cadmium[ J]. Plant Sci,2000,156:111 - 115.

[7] SATOFUKA H,FUKUI T,TAKAGI M,et al. Metal-binding properties of
phytochelatin-related peptides[J]. Journal of inorganic biochemistry,2001,
86(2/3) :593 - 602.

(8] BXET, T, ol RN Cd {55 BRI RIAER AR Cd T4
ISR ] TSR T, 2018 ,31(3) 2555 - 561.

[9] BT, T, 65 TTE, 5. falNE T/KAE SOD FEMEFI MDA Sy
MSILFRRIZE R T]. FREPKFSRREY,2006,20(2) 1194 - 198.

[10] Bf, 2 WRaE , 3. KR PRIERE S AR AL 2220 53 () Bl AR

L] B IR AR (Ll SEEaREARR) ,2009,35(5) <557 - 563.



46 # 14

IELAE AR AT AR KRS A 22 A LA M e 43

(11 ] RS- SRl SRR KRS S R R D). Kb i
ol K,2016.

[12] ARNON D 1. Copper enzymes in isolated chloroplasts : Polyphenoloxidase
in Beta vulgaris[ J]. Plant Physiol ,1949,24(1) ;1 -15.

CI3]FREAE, XUFHPE, E IR &5 TSR /KRR S & H5 R0 H6 UMM SR T
[T]. phBEfll K541, 2012,43(5) 586 —590.

[14] BRADFORD M M. A rapid and sensitive method for the quantitation of
microgram quantities of protein utilizing the principle of protein — dye
binding[ J ]. Anal Biochemistry,1976,72.248 —254.

[15] %%, B4R RO M]. JUst S 5308 i,
2006.

[16] GIANNOPOLITIS C N,RIES S K. Superoxide dismutases ;. Occurrence in
higher plants[J]. Plant Physiol ,1977,59(2) :309 -314.

[17] BRABER J M. Catalase and peroxidase in primary bean leaves during de-
velopment and senescence| J . Z Pflanzenphysiol ,1980,97(2) :135 — 144.

[18] HAVIR E A,MCHALE N A. Biochemical and developmental characteriza-
tion of multiple forms of catalase in tobacco leaves [ J]. Plant Physiol,
1987,84(2) :450 —455.

[19] #slE, 2= Bk, 2 FiEpiEt e el 75k be e[ T . Tl st
24,2014 ,42(7) ;311 -312.

[20] PSR FKAEER( Cd) B L HBAIH AR ]. TR E T F=R,
2010,17(7) .1 -17.

[21] Fkas, BHEse, SRR ZE. i b Ul R 50 S s s e i i
AR ) ] AR i ,2007,23 (1) 105 ~110.

[22] 22795, XURGS, BE MR, 5. SalmE NERh T A A A R e A=
AAUREE RSN T ] AV EREERIEAAR,2005,24(S1) 117 - 20.

(23] 325, et AEEPH, 55, TSN SRS sl | S0R
B VC EAa sl J]. FrEEsR,2015(12) 44 —47.

[24] ZHANG G P,FUKAMI M,SEKIMOTO H. Influence of cadmium on min-
eral concentrations and yield components in wheat genotypes differing in
Cd tolerance at seeding stages[ J]. Field crops research,2002,77(2/3):
93 -98.

[25] EZ)L, 0G50, 20056, ar 7K RE A T A Ao P et g [ 1.

AL757K7FH,2007(4) :12 - 16.
[26] FA. FEGETR/ RSN . AR, 2017 (4) 22,25,
[27] PN KRR AR DL AR A RS T B 0 B RZ D 1. BN - i

TTR2 2004
(28] R EEHEEMRE R AREAAA A T D]. ok Bl
KH,2017.

[29] ZEMF SR, BUARSE, . S S A ) Na* K" IR
ML) ], AR ,2009,24(6) 88 - 92.

[30] SRIRTE. A=W R TR A= A R s maIF o[ D 1. PEFH - EER
LRl kEE,2013.

[31] HASSAN M J,SHAO G S,ZHANG G P. Influence of cadmium toxicity on
growth and antioxidant enzyme activity in rice cultivars with different
grain cadmium accumulation[ J]. Journal of plant nutrition,2005,28(7) :
1259 -1270.

[32] 2T, FHTERI, 30, 5. Wsna g Tl e A K 52
(1] ARl Aef241%,2009,37 (4) <86 —89.

[33] EEF TRINEF USRI & R M H S ABA B A
[D]. M 47K, 2013.

[34] R IR KRR f S M m A e s [ T ] BT
K5,2011,28(4) :25 -26.

[35] 1418, Silbate, BAH1E, . S/ KDt & RO URIARTRE
SEOBCRIIELT ] FREPKAER,2005,19(4) :338 342,

[36] =75 WRIEA, BREEES , 5. SRR T e AL TR P 7 SR S P 5]
[J]. VEMIS,2011,37(12) :2269 —2276.

[37] PN, XULTHE, £ PR . Fpa s N 7K s M E s SR S A=
ARSI . Ao 31,2017 ,32(4) <176 - 181,

[38] MORRIS S M Jr. Arginine: Beyond protein[ J ]. The American journal of
clinical nutrition,2006,83(2) ;508 -512.

[39] GOLLDACK D,LUKING I,YANG O. Plant tolerance to drought and sa-
linity : Stress regulating transcription factors and their functional signifi-
cance in the cellular transcriptional network[ J]. Plant cell reports,2011,

30(8) :1383 — 1391.

G G S S G S S S G G G G G S S S O S O S O S G S G S G S S S S S S SO SO S Sy

(L3828 W)

(4] BEEN,TE, 0G5 PEEHEIML 2T T]. LR,
2016,24(5) : 500 -551,615.
[5] TANAKA-UENO T,MATSUI M,SATO T,et al. Phylogenetic relationships
of brown frogs with 24 chromosomes from Far East Russia and Hokkaido
assessed by mitochondrial cytochrome b gene sequences (Rana:Ranidae)
[J]. Zoological science,1998,15(2) : 289 —294.
(6] 2%, AMUE:, M- &2, 5. (HERDE) I () TR HikR}
[ M]. Abnt: Bl iR, 2009.
(7] Beatte, ZoAMS. et FR RIS —r R (ERE B ERD [T]. 3h5y
H2#47,2007,32(4) ; 792 —801.
[8] YAN F,JIANG K,CHEN H M, et al. Matrilineal history of the Rana longi-
crus species group (Rana,Ranidae, Anura) and the description of a new
species from Hunan, Southern China[J]. Asian herpetological research,
2011,2(2): 61 =71.
(9] Bfate, s, A, & SRE PINAD Y — P4l Se——Aa oAk
HELT]. VU, 2005,24(3) : 259.
[10] [firostie, 22 A0, | LR R Lk e — i (A2 T e H - ik
B [T]. By, 2002, 27(1) : 162 - 166.

[11] ERREE, TTHET: bt s e R LR H R — B8R
FAiE: Rana hanluica sp. nov. [ J]. Zh#4l, 2007 ,53(3) ; 481 —488.

[12] BOULENGER G A. Records of the Indian Museum,Vol.20:A monograph
of the South Asian,Papuan,Melanesian,and Australian frogs,of the genus
Rana[ M]. Calcutta: Baptist Mission Press,1920.1 —226.

[ 13] Pope C H. A new pelobatid frog from Fukien Province ,China[ J]. Copeia,
1947,7(2) : 109 -112.

(14] XU=E], RS, FRETCRPIREE M. bt R, 1961

[15] P, 2 AME. FRIEMIEAIAFAROURI T FRENE X b 22 114
BRI ] PU) IS, 2005,24(3) : 271 -275.

[16] NOBLE G K. The biology of the Amphibia[ M ]. American: McGraw —
Hill , 1931.

[17] MATSUI M, WU G F,SONG M T. Morphometric comparisons of Rana

chensinensis from Shaanxi with three Japanese brown frogs ( genus Rana)

[J]. Japanese journal of herpetology,1993,15(1) : 29 -36.

(18] ¥, Bt , 2052, 5. HRIEIRIEE Rana chensinensis it & 2 FEER AT
FELI]. R SENGEAE 21,1997 ,3(4) « 328 —332.

[19] MORESCALCHI A. Chromosome evolution in the caudate Amphibia[J].
Journal of herpetology, 1975,4(1) . 141 -221.

[20] MORESCALCHI A. Le relazioni tra il cariotipo di Anuri diplasioceli:1. 11
corredo cromosomico di alcuni Ranidae [ J]. Caryologia, 1967,20 (1) :
65 -85.

[21] MORESCALCHI A. The karyotypes of two specimens of Leiopelma hoch-
stetteri Fitz. (Amphibia Salientia) [ J]. Caryologia,1968,21(1) : 37 —46.

[22] BOGART J P. Evolution of anuran karyotypes[ J]. Vial evolutionary biolo-
gy,1973,4(2) : 240 -274.

[23] S Jusi R B G AR T]. 525K, 1981 (2) « 44 -

50,97.
[24] B, BAHEE. REAG BN se M]. BB V) Rk R
Hibt, 1984.

[25] B, AE05HR , tr, 5. R bR RANA CHENSINENSIS PUNV AR
FRGIITLT ] 38 SRR, 1991,14(1) : 27 =31,

[26] BN, AR E. sPEMREE Rana chensinensis 554 8 MM A5
TUHIFE L) ] 5412, 1990,36 (1) : 76 —81.

[27] {3, R HREMREER 7 2508 R LT . 5055t , 2001 ,22
(1).27-32.

(28] VIV hEER RG] F s B UMy, 1999.

[29] ¥ 1, XL JETTE, 5. MRS 3R b BRI VIR 3 E bR
B ZEGA AR AL T ] BIPEAITST,2001,22(5) 345 -350.

[30] CHE J,PANG J F,ZHAO E M, et al. Phylogenetic relationships of the
Chinese brown frogs (genus Rana) inferred from partial mitochondrial
12S and 16S rRNA gene sequences| J |. Zoological science,2007,24(1) ;
71 - 0.

[31] ZHAN A B, LI C,FU J Z. Big mountains but small barriers: Population
genetic structure of the Chinese wood frog (Rana chensinensis) in the
Tsinling and Daba Mountain region of northern China[ J]. BMC Genetics,
2009,10(2) : 55 -92.



