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Relationships Between Cadmium Uptake Characteristics and Photosynthetic Physiology Under Different Cul-
tivation Modes of Rice

LIU Yang', ZHANG Yu-zhu", FANG Bao-hua', CHEN Kai-lin', LI Chao?, HE Yang?

(1.Hunan Rice Research Institute, Changsha 410125, China; 2.Agricultural College, Hunan Agricultural University, Changsha 410128, China )
Abstract: Relationships between cadmium uptake characteristics and photosynthetic physiology of rice were studied by using Xiangzaoxian
45 and Luliangyou 996 as materials under four cultivation modes: conventional water raised seedling (T1), nursery seedling (T2 ), dryland
raised seedling (T3), direct seeding (T4 ). The results showed that different cultivation modes had significant effect on the yield of two culti-
vars. The cadmium content of different organs followed the sequence of root>stem>leaf>grain. The cadmium uptaked by rice were mainly dis—
tributed in the stem, which accounted for 41.53%~54.67% of the gross number, the grain just occupied 4.92%~14.36%. The absorptive ca—
pacity of cadmium of direct seeding mode was stronger than the other three modes, and the cadmium content of each organ was higher than
the other three cultivation modes significantly. Certain relevance exsisted between photosynthetic physiological characteristics and the cad-
mium content, accumulation of each rice organ. There were significant correlation between cadmium content of grain absorbed and transpira—
tion rate. The correlation coefficient was r=0.684 (P=0.029).
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1.1 X6 i s

TR b 7 T B 48 - BH T BRSOl B o
FEFT A FARL 112°30'~113°02", 625 28°30'~29°03'
ZIA] AR SIRN 17 °C, 24T N 223~304 d,
AEIREFR I 1 392.62 mm KR RIFN 9.883 J5 hm?,
A HE 58.79 1 o IEAER ok AT A Al B K
P55 Y e, ORI A E A S RS, XY
iR 12 Al R
1.2 X5t

e 85 5 it 0.587 mg-kg™ o fHA B R KGR
W SRR R 45 5 R IR SRR B 996, 1%
4 PRI W RUKF (T REFR(T2) 2 F
BL(T3) G (T4), Horp AR & B b B LA 7 4 3% 5 7
B AL FEAE B R R RURE I AN W K, AL R
oAb 7 EAE R ST H . RN 201245 4 A 3
H#&FD, B 667 m* #8110 kg, HoAth 3 /4~ 4b#H 2012 4
3 5120 H¥EF, Bt 9 30 d, %55 2.2x10* ¥k - 667
m~, it L A 667 m* B A ME(N:P:K Jy 12:5:8)35 kg,
M 30 kg JRZE 6 ke, /DX AN 30 m?, A 3 K.
VHERE AR | B e A At Y ) 45 B4 — g BEB R 44 /K
v AR I i A T o
1.3 MEmMB R A&
1.3.1 778 B oA B PR -0
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IK R T OK FEAERRE &, 26 A R A/ NGk
iR R e 1, SR 5 25 B oK I ve s A R i, K
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1.3.3 HEEeERNE

FE 2w AT I e A 8 S A e R Bl e 7 7% )
(NY 147—1988) kit BEFE 2L 100 Hiffiss H . F&
FUHA 401 (19 HNOs=HCIO, XFEE Sh EFT Ak AL B, FH

JEF WO AL (& 7 )0 454 1 Cd 155 i
BAFEEZNE 3 K. SERA R (mg) =281
it (mge kg )X H THIBE (g)/1 000,
1.3.4 Sf A PR

I LI-6400 #5201 A RGN E L (SE ] Li—cor),
F 5 R P B 4 KK, 9:00—11:00 am 7E H 1] 1]
LI 5] 2 0EAE] 3 Ik AR (P ) R R
(Tr) MilE) CO, ¥ BE (Co), EAZM & 5 ¥, A
(B, 5 AR 2 B R 1000 mol - m™2e ™, A4
4 600 pmol *s7!
1.4 HIELES

— BBE ST R A Excel 2003 B {4400, T 224y
B SPSS 13.0 #1-%Fl One—Way ANOVA Jy k4%
Mr, ZE L LSD .
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T A 3 AR 25 R 2 AN AN AR
43 %)M 0.536 mg *kg™ Fl 0.856 mg kg™, AR
14.5%%1 16.4% , Hi T4 KbFEF 2 A4S H R ZE AT (048
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Table 1 Yields and yield components of rice under different cultivation modes

) S 2 e e AR K P ™
variety Cultivation modes Plant height/cm 10°+667 m= panicle panicle percentage/% weight/g Yield/kg+667 m
D 45 = T1 80.1a 26.1b 69.4a 63.6a 91.6a 23.6a 343.6h
Xiangzaoxian 43 T2 80.1a 25.1b 55.9h 50.2¢ 89.7a 23.7a 310.5¢
T3 81.9a 25.8b 69.2a 62.4a 90.1a 23.7a 332.8b
T4 81.7a 31.2a 64.8a 57.5b 88.6a 23.7a 376.5a
S5 80.9 27.1 64.8 58.4 90.0 23.7 340.8
FEWITIE 996 T1 89.2b 25.1b 73.9d 63.2¢ 85.5a 27.0a 400.6ab
Luliangyou 996 V] 94.3abh 18.3¢ 89.3b 74.0b 82.8a 27.8a 378.0b
T3 98.1a 16.3¢ 107.3a 94.1a 87.7a 27.6a 384.1b
T4 90.6b 28.0a 80.3¢ 68.3bc 85.1a 27.0a 422.5a
S5 93.1 21.9 87.7 74.9 85.3 274 396.3
AR EIAREA [ TR FORTE 0.05 K FEREE, TH,
Note: Different letters at different treatments mean significant difference at 0.05 level. The same bellow.
R2 ARBEEX T KEERENEYTE(¢-FE)
Table 2 The biological yield of rice organs under different cultivation modes (g*hill™")
LA 45 2 Xiangzaoxian 45 BEFIE 996 Luliangyou 996
#E organ
T1 T2 T3 T4 T1 T2 T3 T4
HRZ Root 1.42h 1.03¢ 1.62a 1.29h 1.77a 1.54b 1.53b 1.20¢
ZEFF Stem 21.58ab 20.34h 18.18¢ 23.93a 26.20a 21.32h 22.10b 25.67a
M F Leaf 11.28a 10.40ab 9.54b 10.96a 15.98a 12.34h 12.80b 14.33a
FEAY grain 15.61b 14.24h 15.04h 17.29a 18.21ab 17.06h 17.54b 19.20a
JAHE Total 49.89ab 46.01bc 44.38¢ 52.47a 62.16a 52.26h 53.97h 60.4a
xR3 AEHKBEEX T KEERENRESE(ng-kg)
Table 3 The cadmium content of rice organs under different cultivation modes (mg-kg™)
LAl 45 5 Xiangzaoxian 45 [t 996 Luliangyou 996
#HE organ
T1 T2 T3 T4 S-44) average T1 T2 T3 T4 15 average
2 Root 3.22b 2.53¢ 3.25h 5.77a 3.696 4.15b 3.78b 2.69¢ 10.19a 5.204
ZXFF Stem 0.39h 0.33b 0.39h 1.02a 0.536 0.61b 0.42¢ 0.37¢ 2.0la 0.856
M- Leaf 0.28¢ 0.43b 0.30c 0.61a 0.409 0.49b 0.30c 0.30c 1.56a 0.667
FH4y Grain 0.05¢ 0.08h 0.09h 0.35a 0.143 0.20b 0.18b 0.09¢ 0.43a 0.230
PIDE 996 fRik 1.56 mg-kg™s HEKPHRERACTM . B SRR N 8 & 88 .

2,2 AN 0.143 mg-ke™ F 0.230 mg kg™,
FLrP it LR 45 S5 7E T4 Zb 3R R K 4R B il 0.349
mg-kg™ T T1. T2 T3 PR 47 5 ALK Bt 996
T T4 JEPEHREK 5 & ey , 9 0.43 mg-kg™', HIK
9 T1 AP, O 0.20 mg kg™, T2, T3 ZEPREAIK . IR 4,
SRR ML 45 SR 25 SOREK R R
PR TBEFIIL 996 5 R 7E £ # B 1 5 5 M i BUIRAR IR
SRS ZES SRR, FERALE IR 0] i) o i i ok
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Figure 1 The distribution of cadmium in rice organs under different cultivation modes (mg+hill™")
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TE 4 Pk R UT AR 8 M R A SR 2
S AR A ORI, T4 AR, 2 AN SRR Y

8 T3 AbEE T2 T3 Ab P 4 A il % ah F
R K s FEZE MG 3 7 TR, R 45 53R Ih T4>
T1>T2>T3, BEFL 996 F680 K T1>T4>T25T3 34 Fjikh
FIA] A IE] CO, He 25 F AN I

PR AR SRR e R R R R
OFEES éﬂﬁ%%w%(%% 5), A DR A R Y
SMH%?% H E%n o R RERIEHE, dobaHlR
B E A i%ga_ﬁﬁ*ﬁaé%&f 0.529~0.697 =
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Table 4 Effect of different cultivation modes on the photosynthetic rate and transpiration rate

LA 45 5 Xiangzaoxian 45 FEWIE 996 Luliangyou 996

1 H (Ttem )
T1 T2 T3 T4 S5 average T1 T2 T3 T4 S5 average
AN TP
e ﬁz(fn ),, 16.2ab 16.0ab 15.4b 17.4a 16.3 19.2a 18.3ab 17.6b 19.0a 18.5
pmolCO, m™-s
AT o, 13.5h 12.0¢ 15.4a 13.8 16.9a 15.7a 14.5h 163a 15.8
pmolH,0 -m™-s
Ml CO, HePECCi) - 56, 358a 347a 351a 354 366a 367a 364a 352a 362
molCO,* mol
x5 FHEEAXSHESREMICRREFERNEXME
Table 5 Relationship between photosynthetic rate and cadmium accumulation on rice
ARG & 2RI AR EEAM S HARRERE AR HRRERE FEmHER WHRELE
i H Item Cd content Cd content Cd content Cd content Cd accumulation Cd accumulation Cd arrumulanon Cd accumulation Cd accumulation
in root in stem in leaf in grain in root in stem in leaf in grain in plant
HOMHEEREr 0574 0.551 0.529 0.603 0.617 0.591 0.616 0.597 0.628
% Pn P{H 0.082 0.098 0.115 0.053 0.058 0.072 0.058 0.065 0.052
ZEEH MHEXREr  0.546 0.524 0.486 0.649* 0.639 0.562 0.561 0.684* 0.592
# Ir P{H 0.102 0.120 0.154 0.042 0.051 0.091 0.092 0.029 0.071

T ORI RNEIS 5% R F K-

Note: ‘*’means significant correlation at the 5% level.
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Figure 2 Relationship between Cd content in brown rice and yield
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