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ROEHF—E 1, HEEKRE LAAZ,
Py i 3 D8 R PR 7 Th B WARGE . HHER 5Ok
YA ERC AAAAERE H VIR R, HIREE AL
AN B St PS TLAI PS T v G AER AN B 715338,
WL CO, [l 5 SR FEIS101, I &R NG
GIERMARES, R VO CEORER A B w7
HR Tz RN, AR A BT AR U0 S AR A,
1.0g/kg Fe Ab P ae 9 e 2 KRG, (A I 99 4%
2.0mg/kg Cd Xf /KRG A AR R0 . X6 FE
BAM Fe SRR, LW HIKRE Fe 8F KN
081, A FEE— DR 2.0g/kg Fe /& 75 AT LA
Cd A TE/ER, 8i 2.0mg/kg Cd A& 75 Al LR =
Fe M85, JFHFHMSZRZOEER, DLEEY]
SR FERNFINT N R . A B T — 2
TR Fe IHIHEY) Cd #EHIHLH

1 MRERE

1.1 R

RIG T 2017 SEAETR BHAOMY R AR50 S Hh 347,
BOR EHERAE T IR R KK FEWT ST Rg . &
3 pH 6.7, AR 20.8g/kg, 4% 1.98g/kg, AR
% 199mg/kg , H R ¥ 46mg/kg , DTPA-Fe
72.3mg/kg, DTPA-Cd0.135mg/kg. ¥ H SR X T 135
it 3mm 5, FFiE N 0.2g/kg. P20s 0.15g/kg Al K0
0.2g/kg TEFAE, PAOHT4E(NH4)2S04. KHPO4
KoSOs FEHIETR, a5 b BIER MRS, kKX
S35 5 HoAh VRS % Cd (3CdSO4-8H20)
F1 Fe (FeSO4-7TH,0) LLAHR MTERE —E Em i
FNEM LIRS . BRI Fe WREE 51N
0. 1.0 1 2.0g/kg, 43 HlicfE FeO. Fel F1 Fe2, Cd
WRESY 524 0 F1 2.0mg/ke, 43 HICAE Cdo Al Cd2.
WA U () 3N 10cm (ELAR) x20em () (1)
IR, 4.5kg/f. B, BRMEEXHTK
PR IR, P 2 . 2017 48 5 H 26 H¥ il
BRI KRS GERE 6 5) 4R k2Rl 2
W, RRAE 2 PR, RIRFAEK, CREFKIHRZ 2em.
N & eyl 36 Mk, 184E Fe0Cdo.
Fe0Cd2. FelCd0. FelCd2. Fe2Cd0 1 Fe2Cd2.
MEEES 4%, 24 7
1.2 $EFRNE
1.2.1 k&5 % KERRESME6 H 22 Hy
B 7 A 11 H GRATHD. 7 A 31 H (Z288D.

8 H 21 H (el Ao A 11 H (Ezdy) H
SPAD504 ¥ #A it 4 R & Al & R RS E
(SPAD fH); HE#HEADEE RGN (Li-6400XT,
Open 6.1, Li-Cor Biosciences, Lincoln, NE, £[E)
MHENEEE (P JEIA] COKEE (C) MIRALF
FE (Go, JGPNAE B EEIRE, WECHA
800pumol/(m*s), T _L24F 9:00-11: 00 JE, &SH
P R R RS . BRI GETFZE EE 1
A SEA R IGE, REEIE 2 IR, AN EEI
8 I, THESFIIME.
122 =tgERA  FHESLERZ DREEY)
RS M-PEA (Hansatech Instruments, < [E)
W e e & Fabr B I 7 2R R KB S8l 1% 5
B, BASKEFENE 8 Yk, INE FiTH v 5 IE M. 30min,
£ 5000pumol/es/(m?-s)iZ£L1c 3% 0.01~2000.00ms 1)
RHHRE o A R BEEN G, PS IR H G
ST SR R TFHCIRAS (BT A 732 AR 2 T4k
R, AT E AT I 7 B NPIE R~ &,
RN (Fo)s 24 PSIT RN ACy 58 4 < R (BRI
BT B T2 R A i Ab TR OIS ISR 78N
RN (Fn), RYE Fo f1 Fo THE PSR
KETF T8 FulFa=(Fun-Fo)/Fu FIAIXT R Vis(Fy-
F)(Fn=Fo)s VARFRIR PSR RE A HLF 5244
R RETE S (PD.
123 FEAMkTE KERAG, BEEK
IR AR, RS TR, AT
RAFM EERIF, Ho b 3Rk 5 S B3 A48
£%, 105°C A4 20min, 70°CHET o BHAt T4 E3#EL
o, BURFRLIERRE, IAERRITE, BRI 4
RS EA 1 o =i
1.3 HIRAEBSSIT o

KH SAS 9.1.3 Gt AT — R I Z 40 #T s
iZH LSD T 2 |k, HPIERHEE (n=
4) For: R Excel 2019 /£

2 GR5SR

2.1 A[E] Fev Cd ACFEF /K FEAFRIANZEITTFE RIS
ME 1 ATRLEH, T b3 RSN Cd,
Fe2 AbE/KFEAFRLANZE M H 1) B EK T Fel M
Fe0 #bF, Fel AbF¥FR T H 5 Fe0 LR EZEMZER,
T ENEE T Fe0 A, fEJTE Fe IKE T,
55 Cdo #HEE, Cd2 Ab B KGR R B AR 2 AR
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Different lowercase letters indicate significant difference among Fe treatments at the same Cd level (P<0.05)
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Fig.2 Pn, Ci, SPAD value and Gs in leaves of rice at different growth stages
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T, FelCdo AbHE R 23N C 1 Gs, FelCd2 4b
PRI T A )V A5 16 0o i #434, Fe2CdO AbFE R

FHHAIN Py, 1M Fe2Cd2 4L P, AN, G N HIBL
AH SO

£ 1 KEREEBEAMA Po. Civ SPAD 8H G HEDH

Table 1  Analysis of variance on P, Ci, SPAD value and Gs in leave of rice at different growth stages
Ei=p b3 IrEE PRI SRR PiAE I 24

Index Treatment Tillering stage Jointing stage Booting stage Flowering stage Ripening stage

Pn Cd * ks ns * 3k

Fe *% *k ns * sk

CdxFe ns ns * ns *

Ci Cd ns ok ns ns ns

Fe sk kg B3 3k ek

CdxFe ns *K ns *K o

SPAD /& SPAD value Cd ns ok ns ns ns

Fe kk kk kK kK kk

CdxFe ns ns ns ns ns

Gs Cd ** *k ns ns **

Fe ok ** ns ok sk

CdxFe ns *K ns ns ns

* KREFEE (P<0.05 ,
23 A[E Fe. Cd IBXPKFER4E BB TN

NESRRF

Fo/Fo BERS S PS TT S H 0 e K G RE G 4 3%
K, WNBAERICERE . K 3 MK 2 s, 9
BE] FelCdO. FelCd2. Fe2Cdo0 Al Fe2Cd2 AbFEfH)
FolFwn HEEEM. HARN, Fe Xt F/Fn TE#H
oM. P17 PSILIRISOGRE ) HL 52 A 4% (1)1

oot FoREFMEE (P<0.0D) , ns ToRERFESR, TH

indicates significant difference (P<0.05), “**” indicates extremely significant difference (P<0.01), ns means not significant difference, the same below

e o BRI, KA H A A B A, Fe2Cdo Hil Fe2Cd2
Ab PR ZE G N PLAEL, Z9f300] 2 A Bl Fe AL FEASUR
bt Fe. Cd SL[RIAbHR AR B BA S o 4y BE HIANGR 1T 47,
Fe2Cd0 Fl Fe2Cd2 AbBE R 3 LI/ Nk (Fo),
T 065 RO I 5% 25 18 0 o o Z2 A5 Fe1CdO 1 Fe2CdO
WER, FoWEA NFE; 852 Fe2CdO 403, Frn B3
EFF.

—+—Fe0Cd0 —m—FelCd0 —A—Fe2Cd0 —x—Fe0Cd2 —%—FelCd2 —=—Fe2Cd2

m

/i
<o
o0
st

T

0.78
10000

9000

8000

w7000

6000 -

5000

4000

SrBEN R ZeRRM HATEN kRl
Tillering Jointing Booting Flowering Ripening
THH Growth stage

8.0 r

6.0

20

0.0
60000
55000 |
50000
45000

wF 40000
35000 |
30000 |
25000
20000

RN WOUE ZRRN BATeN] W

Tillering Jointing Booting Flowering Ripening
L HH Growth stage

3 RNEEEHAKFEM A Fo/Fny Py Fofl Fn
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% 2 7}<$EZ:IEJ§:_§,HEH+H FV/Fm\ PI. Fo *u Fm F%ﬁ*ﬁ Feocdz ALI\}E Frn ﬁﬁﬁibﬂ R

Table 2 Analysis of variance on Fv/Fm, P, Fo, and
& & el .71_\‘ . \
Fn in leaves of rice at different growth stages Fe. Cd SZEAEMPRIAE: 7300, FelCdo.

Index Treatment Tillering Jointing Booting Flowering Ripening E, j;jm E‘J%%Eﬁﬁﬁ?%o ijai%&,ﬁ , Fe2Cd0 #Abr

Comom T L BRER, Fe2Cd2 AR
W Fm * - |y — .
Pl Te oo 24 KFEMAIHEEEIRSELFHE (OJIP) FHE
CdxFe H* ns ns ns ns s )
PI Cd ns ns ns ns ns XTJ.TJIE%{EHB?&
Fo s g - - B 4 7R 0.01~2000.00ms FrH£R 2R BRI 5206 .

CaFe e womsowoow o AE 4B, SRRFTEAIIDEIRE R,

B CLmomm sy SR, SENEAEIER, B B
e R DBEAATEMC LY I A, TR

Bl m e wowe T BOHURRUSN ALK,
et e mw 5 BRIEH LR IR IO, B 0.01~
CdFe * ns s ns * 2000.00ms FFMd3R AL, A AEHL I A 296 5 %)

Fe0Cdo FelCdo Fe2CdO Fe0Cd2 FelCd2 Fe2Cd2
60000 - 60000 - o 60000 ,
APEERA Tillering 13 Jointing P Tl Booting
- 2 50000 = 50000
3 g g
5 40000 sy £ 40000 240000
= — —
s P =
3 — 5 & 30000 g 30000
3 I, 28 ]
2 20000 ' Z 20000 £ 20000
£ g g
2 o] Z 10000 Z 10000
o ‘ 0 0
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60000 60000 R o
) 15 Flowering P - o 5741 Ripening 1 5E W 18] Determining time (ms)
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w2 40000 5 oy = 40000
E oo =
S 30000 Z 8 30000
o 153
® 8 ® g
£ 20000 & 20000
=1 =1
E Q =
= 10000 = 10000
0 L . : . . 0 . . . \ .
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W 52 6] Determining time (ms) £} [A] Determining time (ms)

0. I. 1. PAFRIZRREHEE 10~15us. 2ms. 30ms A1 0.3~2000ms i 158055, T
0, J, I, P indicate fluorescent signal at 10-15ps, 2ms, 30ms and 0.3-2000ms after illumination, the same below

B4 R4 K R R AR e f 2

Fig.4 Kinetic curve of chlorophyll fluorescence intensity of leaves of rice at different growth stages
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Fig.5 Kinetic curve of relative chlorophyll fluorescence intensity of leaves of rice at different growth stages
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HEALEE (FeOCd0) HIRIARE ez 72, A B i A L 5%
BTSRRI AR, FREE AR,
WKL S TR, 4 BERI A AL 2R 1 -F- AN S (] Y
VTR Fe0Cdo Ab3E., X 570 BE W E KAk
B FolF A1 PLARAGERE — 250, Ui B AR KATHK
FER /b 8 Fe Al Cd X6 A i 1 B A R AE A
{EFEE L B WIHERE, Fe. Cd X6 A G MR HL 1538
I ERZME A [R] T A KA, ST AR 6 A O miZ
P £, Fe2Cd2 fll Fe2Cd0 AbHE) V #B B PR K, 42
FEHARAS I O S 3 T /4 Fe2Cd2 F1 Fe2Cdo 4k
BRI v BRI B B R . AR A 2, O AR
F|P AT, B CdALEE vt R E K. BRI,
O 5 E| P £, FelCdo AbEE v 330 38 m, b 24,
MO S5 F) T 5, FelCdo AbFE v, 7R 1801, Fe1 Cd2
AR VISR . BB ERE Fe 1 Cd X6 E
AR P B DR AT) S HEL - 3 B % 2 43 350 4 )
YER, IRIREE Fe HIGRIEHER, T Cd TR 7KK
[ Fe WX FER .
3 e
3.1 A[E Fe. Cd QEBIKFBREBEEIERE

FRAFZNE

AR T B2 AL AR FLR R i1,
ARG KRG A KA (AR 2 1) FelCdo 4b2E
Po. G M1 Ci 5T Fe2Cd2 4bFE. A W, FelCdo Ab¥E
AR TKFEM ALK, 2k CO M4 M 4
B, AT A ERBET. {3 Fe2Cd2 b3 P, R %,
Fi G Al Gt RBE (B 2), W& IRE Fe A Cd
Xt AL P AT, BRI COL 48k, AT FE
1B EER IEH 3T . XM R HABEY) B
i 8 20, 5] 40 i e Wi 400pmol/L Fe 5
200pumol/L Fe ZLFEAHLL, Pn. Gy FIZEJEH 2 2K
HK Cd MALSFLZBNHEIR 2, B E5REER K
18, 7E{KT 75umol/L Cd [l N B I i Py (1) FEAK
FEE G MBEMKAR, B2 Cd WER 2
100pmol/L B, B F 6 BE 77 0 B <AL
AL R I F PR 25 2R

IKFEAEK G B (AL AR AR, Je G R brxs
Fe. Cd Wi N iZ#T AV A Fe A FRAT R T 40 5 1)
Pov Gifll Gy, JUHAEWEZIY, Fe2 4EFFREDGA R
KEE R NS (B 2) . —fAEY 3] BRI
JH SPAD {E R, JeA1EHEWHRES, 1 Fe2 Ak
L /KAEM | SPAD i — B AR R mKE, Fok

HIERWBA B . REWL, Fe2 AIE/KREZEM
FUFRLT BRI TR, KRR &Y
R 72 KB, Fe2 b B B4 K AB e & Ve FH
KRR G, AN Fe AbFE, Cd XHe&1ER
BN, G F P FENIRAIG, BEEKREEK,
A BR Cd %, Cd R B .
3.2 A[E Fe. Cd A 3EFKFEEE BHIM R AT

NESHFN

43 25 9 5 M A F 2 AR AE A % V)
KFR, R AR A RE R BOERER I UK BE
FEIBFNIEA 2 R B AR I E R RS AR, i
HE5HFfEE. R ATP &8 COs
li] 5 S T FRAT SRUS101, 2R R SEL Fo/Fo IR
PS I B H Oy B RO REFE RO . R4 T,
FolFun 32 25 FAR, R, Fyo/Fo 5 A 534 PSTT
T EEOLATERR « P12 SR HL T2 R R 17
Aefabr, AefHRUR. SHER LR BOL & BT iE
. MENN s J a2k, BRI OJIp mhk, M
A S B G L A% 3 B TR A R s IR A R AR R
JiR SN (R RN

AR, KFEAEKFT, FelCdo fl Fe2Cdo
S PRI R TR Fo/Fms PLE AT OJIP & 415
PWICHRSE . Fe TEMEM RN I EEINREHAE T S 508
G B R TFAEBY R 6 P, ) SPAD fH 1] LA
B, LR RGN Cd, S EEHIAIR A Fel
Al Fe2 AbHEf¥) SPAD 1 2% =T Fe0 AbFE, iEFH Fe
BERIERSEI N T SRR FOLE RN ED), g5
FERE ISR - Fe ARt AT DA Nk 8 B 1 &
, MITHE R P AR R4, Ul Cd2 AbEExT
Fo/F~ P A58 BRI H2 R EAH, Cd
BRRAFHESE UK, (HR T LUEN Fe. Zn.
Ca SFI0E MR IGE findE i N, IR
BB 50 R 45 G E A SR A

KAEAEKEW, 2.0g/kg Fe AbFR{SR{RH R =
(1) Fy/Fm PI. Fo fl Fon {85, 1H2 NI HITFAG, A
MFRIAV N O-J-1-P & N W& TR Fu/Fn AR
W T WG e B SR R, Te ik s i PSIT 3
PE, PASOOTGREMRIS . i $RFT A% 286 L & PSIT it
PN SZARAE T A BB A . T OJIP 263N 77
AT PL, AR YE Strasser I BRI, O- Bt PSII 52
&M QA 1 QB WG IR, T misg PSITI T3
1 QA 2B 1 R e &I JR AT B9 )6; J-1 XM PQ
FERIE IR N, T PR R PQ AL Ji
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A PQ FERI KN 1-P Xt B2 PSI I HL ¥ A4 52 4408
R, WU, 2.0g/kg Fe AbHEXH A A ML FAE I8
S AMHIER, JLHE T A Z BTED QA-QB-
PQ M HLFAE IR m B 2 2 . 1.0g/kg Fe 7EZ2REHA RN
S I O-J-1-P %% 55 AVE H, 5 2.0g/kg Fe AbFE
I SRR, RER Fe AN A{HBESIE NG
REIR IS sk, o mT DARR my FE AR B A% . B /K
fEAK, 2.0mg/kg Cd ALBEXSGE 1 FH IR 250N
B, SRS Fo/Fn FI5OE5RE B2 R,
AV AEZFEIA AN Y] O-J-1-P % S0 R %, 1 HAE
J B2 5 R RETR RSk ERK, Cd XHEh H AR
BELY 1 F 32 ZE4E PQ A1 PSI, 3 — 25 1iF B PSII AT PSI
X} Cd B PE AR U R0,
3.3 A[E Fe. Cd AIBFEKFEA ST EFRIRZEIER

TEKFEA B B O-J-1-P %% 1 FelCd2 ALBEAV,
YT FelCd2 4b2E, [RULIE R Fe Wk T Cd Xt
GRS ER, ke 7T Cd A S8
MR ERN T X —CRE LM T
1.0g/kg Fe W% 2.0mg/kg Cd 51 & (/KRG ZEH-T4
i BREACA LG . AR TE 25 R4k 5E, Cd
B RS TKAB G A Tl 2, MAMNE Fe R
BT LTI R o IX ] RE A BARTE AR T
Fe it e 4ER, 43 Cd ANRE 8 [ N A
BEANREF= LR B R A FH0-310,

5j FelCdo 1 Fe2Cdo 4bFEAHLL, Fe2Cd2 4bFH
BERLT Pov Civ Gou F/Fms PLFI Fffi, T
Cd ] ATt Fe fEG G2 M ThRE K5 . B2k
Cd AMHPHIEAR AR Fe (MUK, 17 Hisks> Fe [)
Hh IR, SRR Fe fr & NEMERZ.
Solti PRI, Fe #h=Z/& Cd Wi FRKEW
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Effects of Iron, Cadmium and Their Interaction
on the Primary Reaction of Photosynthesis in Rice

Yang Lei, Jin Yandi, Liu Houjun
(College of Land and Environment, Shenyang Agricultural University, Shenyang 110866, Liaoning, China)

Abstract Iron (Fe) plays an important role in plant photosynthesis, while cadmium (Cd) causes various interferes
in photosynthesis. Chlorophyll fluorescence reflects photosynthetic efficiency and electron transfer characteristics.
This experiment aimed to investigate the effects of Fe, Cd and their interactions on photosynthetic efficiency and
chlorophyll fluorescence in rice. The pot experiment was designed to investigate photosynthetic indexes,
chlorophyll fluorescence indexes, and OJIP curve under different Fe and Cd supplements in soil. The rate of Fe
addition was 0 (Fe0), 1.0 (Fel) and 2.0g/kg (Fe2), while Cd was 0 (Cd0) and 2.0mg/kg (Cd2). The results showed
that Fel treatment increased photosynthetic rate (Py), stomatal conductance (Gs), intercellular CO; concentration
(G, and fluorescence intensity at the early stage, while Fe2 and Cd2 decreased these indexes. At the late stages
(after the booting stage), Fel and Fe2 were beneficial for rice to keep high P,, G, C; and chlorophyll fluorescence
intensity but Cd2 still decreased these indexes. Fe or Cd increased the maximum photochemical efficiency (Fv/Fm)
at the early stages, while at the late stages, Cd alone or Cd and high Fe together significantly decreased F\/Fm. Fel
significantly promoted the photosynthesis of rice and alleviated the interference of Cd on photosynthesis, while
Fe2 significantly inhibited photosynthesis and reduced dry matter accumulation in rice. Cd2 decreased
photosynthesis and disturbed the physiological function of Fe during photosynthesis. Therefore, proper application
of Fe fertilizer can promote the photosynthesis of rice and reduce Cd toxicity.

Key words Iron; Cadmium; Rice; Primary reaction of photosynthesis; Chlorophyll fluorescence
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