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Effects of Exogenous Cadmium and Temperature Change on Photosynthetic Characteristics

of Different Varieties of Rice at Heading Stage

LI Renying" %", HU Zonghui', LIU Yuchun', LU Binghao', WU Sijia', ZHAI Yiran', XU Xianghua'

(1 Department of Agricultural Resources and Environment, School of Ecology and Applied Meteorology, Nanjing University of
Information Science & Technology, Nanjing 210044, China; 2 Jiangsu Key Laboratory of Agricultural Meteorology, Nanjing
210044, China)

Abstract: The effects of exogenous cadmium (Cd) and temperature change on photosynthetic characteristics of rice plants were
studied in order to provide a theoretical basis for the coping with the combination of soil Cd pollution in rice field and the climate
warming during rice growth. Photosynthetic parameters, fluorescence parameters and biomass of different rice cultivars
(Wuyungeng 30 and Xinliangyou 6) at heading stage were determined and the fluorescence kinetic curves of rice were analyzed
under the condition of adding exogenous Cd (0 and 2 mg/kg soil) and artificially simulating temperature (daytime/nighttime
30 'C/25 'C, CK; 33 C/28 C, T1; 36 'C/31 'C, T2). The results showed single Cd treatment had significant effect on SPAD
values of Xinliangyou 6, while single warming treatment significantly reduced SPAD value of Wuyungeng 30. Although the
combined effects of Cd and temperature didn’t significantly affect the net photosynthetic rate (P,) of Wuyungeng 30 and
Xinliangyou 6, single Cd treatment significantly reduced P, of the two rice cultivars and single warming treatment significantly
affected P, of Xinliangyou 6. The shape of chlorophyll fluorescence induction kinetics (O-J-I-P) was affected by Cd and warming

treatment. Fluorescence in O, K, J and I were different with different treatments. Effects of Cd and warming treatment on F,/Fy,

OFETH : TIRE LR G E LR = RS H(KYQ1402)% il
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and specific activity parameters were related to rice cultivars. Cd treatment did not significantly affect the F,/F,, of Wuyungeng
30 and Xinliangyou 6, while single warming treatment significantly reduced F/F, of Wuyungeng 30. Cd treatment significantly
reduced specific activity parameters ABS/RC, DIo/RC, TRo/RC and ETO/RC of Xinliangyou 6 (P<0.05), while warming
treatment significantly increased specific activity parameters of Wuyungeng 30. Single Cd treatment significantly reduced the
aboveground weight of Xinliangyou 6, while single warming treatment significantly reduced the aboveground weight of
Wuyungeng 30. However, the combined effects of Cd and warming on the biomass of rice varied with rice varieties. In conclusion,
Cd and warming affect the biomass of rice by affecting the photosynthetic parameters and fluorescence parameters of rice, but the
degree of influence varies with different cultivars. Among them, Wuyungeng 30 has strong resistance to Cd, while Xinliangyou 6
has strong resistance to warming. Therefore, suitable rice varieties should be selected in actual field management to cope with the

effects of soil Cd pollution and temperature rise on rice growth.

Key words: Temperature; Cadmium; Rice; Photosynthetic indexes; Fluorescence parameters
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Fig. 1 SPADs of different rice varieties under different
temperatures and Cd concentrations
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Table I Two-way ANOVA of rice photosynthetic indexes under
different Cd concentrations and temperatures
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Fig. 2 Rice photosynthetic indexes under different temperatures and Cd concentrations

2.3 RET Cd RIERTIKFET L FE &R

MR AT 2 B T 5E 45 FhEE A=
SERNEY it b 7/B S| PN L RTINS 1) SN ) o020 WA K= o2 v
Mk OIP)y SR AF AL, Hrfr o, L, K. J.
LA % 0.05, 0.1, 0.3, 2. 30 ms BFAYZEE, P
FHR R R o

Pl 3 SRk AE SR R AR Bl T2t 5], A
T LR R AL BRIR] 2625 5, LA CK-CdO S Xt iR,
FHECA AR BRAEA D S IR 22 FBE R, 45
UL 4, HE 3 FIE 4 AT, FEREERN Cd R B1EH
T, RAZHE 30 SHEHFIL 6 58 OJIP #hZR AR fLita
SR EAAR] . AR Cd BIUSInfERAZAE 30 S
T K s B CK-Cd2 &k, #imaf 6 S BT K A,

HNJR Cd IR B — b FRXE KRG OJIP JEAR =k
. XTRaE 30 5, ANE CdfE T1EE T O A4
B T EAPOETRE, T T2 IRET O A3 1 Am5HE

Fher; HHANE Cd i T2 AT K Smsot Lo, 1
SPTEREAR . X FRMIL 6 %5, AN Cd ff O 55
TS RYZREAR, K ASM T S R2OChp#EE. X Tz
B 3045, BR T2-Cdo 4, HGIRAMEE O fi% T difysk
JeHEN, 152k, HH HIEREAKS0, X555
6 5, B T2-Cd2 41, B4R O 555 T S A7,
AK<0; B T1-Cd2 #b, HGIRALEET, T s256Hm.
2.4 BEM Cd AIEIFKER S EN RN B

LB S H A

F/Fo AB R/ INE F 1T AR 52 5 S 3 1)
FERE. HEE 2 AT, AN cd FNRER R A1ERA D
ERM RS 30 SHFIPIL 6 51 Fu/Fno YA
BEWNT RS 30 51 F/F, A, EA 5 m
With 6 S0 FJ/Fuff. M Cd AbHEA i 2 5 ikis p
30 SHGHAAL 6 S F/FofH. B CK-CdO A1 T1-CdO
SEERAL, HPG 6 S F/FERTRIZE 30 5,

http://soils.issas.ac.cn



124 + e %56 &
e CK-Cd0 o TI-Cd0 + T2-Cd0 o CK-Cd2 a T1-Cd2 a T2-Cd2
12 ¢ (A) 12 (B)
o L K J I p O L K J I p
1.0 AT g 1.0 TR Oy
& £
. 0.8 p ol _ 08} 4
= / : @ g’
Rkl Ehl
=06} R 0.6
E 047 N E 04
= 02t y = 02t s
0 n 0 n pnyy
-0.2 —0.2
0.01 0.1 1 10 100 1000 0.01 0.1 1 10 100 1000
[ fa] (ms) i fE] (ms)

(A AR 305, BREMIL65; 0. L, K. J. THIZBIXR 0.05, 0.1, 03, 2, 30 ms BHAYHEG, PAER AT TEIRE)

1 000

3 KFEMGERRELRE N F S
Fig. 3 Kinetics curves of Chlorophyll fluorescence of rice after standardization
e CK-Cd0 oTI-Cd0 «T2-Cd0 -CK-Cd2 aTI1-Cd2 aT2-Cd2
0.04 (A)O Lok ; . > 0.08 - (B) J I p
0.03 | " o LK¥
: 0.06
0.02
Ny Ny
gj 0.01 % " & 0.04
ETES 3 Tl 002} 20 %
'?J N | A A % ;R /\""“A
S —0.01 N A
5 —0.02 } 0 ‘A‘ 5 0O¢ o ::m+o4u‘_-o#n~
Z 003 | Z 002 \ P4
‘ A VNN
~0.04 : Al
-0.04 s A A
=0.05 r /A'n, AAM”A“M“
-0.06 - . : . —-0.06 - - :
0.01 0.1 1 10 100 1 000 0.01 0.1 1 10 100
IRk (ms) [RFfH] (ms)
4 KFEMRERELRAEE

Fig. 4 Differences of standardized chlorophyll fluorescence in rice
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Table 2 Fluorescence parameters of different rice varieties under different temperatures and Cd concentrations

F/Fy

ABS/RC

DIo/RC

TRo/RC

ETo/RC

TG RgE| Cd Zb#  JREEALFE
Rz ZHE Cdo CK
30 5 T1
T2
Cd2 CK
Tl
T2
T ESHT T
cd
TxCd
FHAE 65 SEUA Cdo CK
Tl
T2
cd2 CK
T1
T2
5 Z5 0T T
cd
TxCd

0.788 + 0.002 a"
0.782 = 0.009 ab
0.760 = 0.017 ab
0.790 = 0.004 a
0.775 + 0.008 ab
0.748 £0.016 b
0.021
0.527
0.808
0.779 + 0.005 ab
0.778 + 0.006 ab
0.772+0.010 b
0.793 £0.001 a
0.785 + 0.003 ab
0.783 + 0.002 ab
0.290
0.052
0.827

1.108 £0.017 b
1.261+0.061 b
1.260 + 0.094 b
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1.297+£0.140 b
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0.933+0.015a
0.919+0.015a
0.958 +0.082 a
0.768 + 0.024 b
0.899 +0.016 a

1.085 £ 0.036 bc  0.235+0.009 bc 0.849 + 0.027 ab
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0.002
0.207
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0.000
0.621
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0.203
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0.619 = 0.009 b
0.620 £ 0.016 b
0.551 = 0.008 ¢
0.614+0.010 b
0.676 £ 0.025 a"
0.000
0.339
0.101
0.599 + 0.011 ab
0.615+0.012a
0.614 +0.029 a
0.534 +0.009 ¢
0.581 + 0.007 be
0.581 + 0.012 be
0.054
0.000
0.686

W AR REHE £ FRdEE; FEAPTPREIE R P . RIIVEIRE G /NG F RS R e [ — KR A ) 4 2 ) 2% 5 ) 2
(P<0.05), *F/n[Al—REEF Cd AbBE T RIA] & F ) 22 57 2. 3 (P<0.05), T,
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Table 3 Biomass of Wuyungeng 30 and Xinliangyou 6 under different temperatures and Cd concentrations

K FE A Wi H Cd 4b 3 T FE b P LT ) BT (g/pot)
ENiy Ui
RizH 30 5 ZHH Cdo CK 16.00 + 0.60 a" 1.49+0.06 a
Tl 11.93+£030¢" 1.27+0.28a
T2 11.99+0.01 ¢ 1.20+0.07 a"
Cd2 CK 14.08 + 0.77 ab 148+0.17a
Tl 12.65 = 1.66 be 1.10£0.21a
T2 1099+ 1.12¢ 1.05+£0.10a"
Iy 240 Cd 0.179 0.403
T 0.000 0.085
CdxT 0.145 0.872
Bvitl 6 5 E Cdo CK 19.17+0.36 a 1.60+0.13 a
Tl 18.71 + 1.14 ab 1.53+£0.01a
T2 17.80 + 0.46 ab 1.51+£0.03a
Cd2 CK 15.55+ 1.81 bc 1.20+0.07 b
Tl 13.35+0.13 ¢ 0.73+0.01 ¢
T2 13.78+£0.93 ¢ 0.78 £0.06 ¢
EVn cd 0.000 0.000
T 0.263 0.030
CdxT 0.657 0.026
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FARANGE , AT AT Ar b T g PS AR e b #
N B A ML P A RS S AR Y fEARI ST
HRIEZ R T AR R RSO Iy s ith L r ik
l, XS ET ARG e —8 MIRAMET, B T2-
Cdo 4bHAh, REHE 30 S0 OJIP %A T Hh £k 1K)
O HZE 1 STOERERN, X585 MG EA
Qa MU S P A S, B AL 6 59 OJTP 2k
O M % J SFOEmBE /D, XN ULEHKRE PSR
HUC AP G T 28 2 A IR, R R T A AR
MR FP ) IR AT IR I F, BT A
SEEA . Cd Wran X A B DG A2 R AT B
., Cd RERIHZN PS IT B LA A2 440, fE 4t
A, MR E A1k OEC, TitEsZ M, fnil
TIHRRER Qa FINZIHR Qp ZIRIAYHL T8, A5
FH, W oNp gk iy J AP BT, R BB
545 K(300 ps), WIEEHH PS T A2 (1) Qa %) Qg HUHL
AL Z L, PSTHHAMIAY OEC K2k T figest, A
WFoE R,  Cd AP T2 5 FRskE 30 St A
H) AK Fil AT BERTF 0, X UL Cd BEis 1 PS Tt
& OEC, Wsgma T2 1538, H AL/NT
0, BLBH T PSII 3245 B Wik &2 ; AT 6 S5 1) AK
AT /NF 0, BEBHZKREN i PS TTEE A A R
BRRZ R, T Qa5 Qp ZIH] By HL T4 52 B 42 )3
MH ARBETE R, RIE SRR KRS 2 2 A0 R
JERTRL, Xt L i@ AL A . 2RE K 30 51
PS T J i s 32 4R FE K, 32 28 i AR ORI T 1Y
WORREW R DIE , WAL 6 Sz iai,
R PSR ot oy K AE AT iR TE , JHsh T H
KA PR, TEREERFERE, PSS OBl 1
FERENEEE LT, YA s bR e, Tk
T A B L RBP4

MZFIAR, FJ/F, 3% N, PSR Hue
PAE, FTLLH ) Fo/F (61250 WA ) 2 15 22 5]
P20, AR, R B E R T RIEHE 30 5
) Fu/Fp, ARBZFETHPML 6 51 Fu/Fno X4
gEIRRWT, RIZKE 30 S FHPIL 6 SR EEA A
A (TR 52 RE T, BB 6 5% 4 T EL A e () T 52 g
J1, AREE 30 SxHERMZEE iK%, Cd 4
PR Rz 30 S SPAD {H | FEI&EE HLHT ML 6 &
AN, TR BN RIZHE 30 5 (Y SPAD {B T R
FEBPIIE 6 5K, ml LAk g Realas il 30 5 Fpr

WL 6 S5 XA Cd 32 R iy 22 5 . il AT ke
TEPESEL, BRI B ML T AR X G RE R I | 4%
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AT, T RE GG AU 3 BERERY a3 idd
WA IR A K R R R DG RERG N, (HLFH T e FAZ s D
REMIIG AR, T ByGRE WE o AERHET TIHFE,
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Cd AbFEN] S BRI T BRI 6 5 R4 i L S
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T S TR Y R RO R AR TR
AR RS, RIS I KRG X GRE IR | 1538
SRR Az A Cd BN AR, PIRKAS
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SZm, DN KR B L P S B AN B

HREL Cd Ab B EYDOC B E TR, diIfE
YOLE TR s . AT, #RE Cd 1)
B — Kb 2 AR T RS 30 SRR A E . X
Al REEIG IR e Cd AR R 5 TR, HAE
P05 T SRR FNZ LR S5 , 3 50 4t e S A 1A D i ek
A RRE ARG iR 5l Cd AbBEFE(REERE 30
SR E S R MO A R UE S T X A T B
J3Ah, R E Cd AR T K AEM e PS T g s
TEVE, BT e KO0 3 T e Y e i
AT S SOK R AR R0 TR Bl Cd Ab B B AR
W EREAL T HMIL 6 524y, HS5REk
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it 52 RE 7, B IR AL FEXEHT PG 6 519 SPAD P, . F,/Fy,
Ko HTE B 2B a5/ NG G o

4 #ie
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PR OGBSI Cd B3 FAR T B Mtk 6 5 1 SPAD
EAPI AP Py K> Cd FRJEALET , SBrpife
6 51 SPAD {HAI P, K TRz kE 30 5. Cd FNEEE
M2 A VEFIAR B W M FJUF, AHE S
B SN Cd AR 0 52T AL 6 51 Fu/F o fH,
EREART B WAL 6 51 i £ S 40 ABS/RC .
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