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Effect of Grain Position in a Panicle and Varieties on As,Cd,Cr,Ni,Pb Contents in Grains of

Late japonica Rice
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Abstract: Two japonica rice varieties, a compact panicle type variety (CP) Xiushui 63 and a loose panicle type variety
(LP) Xiushui 11, were grown in a slightly contaminated paddy field to determine the effect of grain position within a panicle
and varieties on toxic heavy metal content in rice grains, There was a significant variation in heavy metal content among grains
within a panicle. Furthermore, this variation varied with variety and metal. Shch as, Xiushui 63 showed higher variation than
Xiushui 11, and As, Cd, Cr and Pb had a significant variation, while no significant variation for Ni. The top grains (TG) in
a panicle had higher As, Cd and Ni contents compared with the middle ones (MG), and the bottom grains (BG) had the low-
est. With regard to Cr and Pb, the case was opposite. The significantly positive correlations were found between grain weight
and As, Cd, Ni contents in grains, but negative for grain weight and Cr, and Pb content. There was a remarkable difference
in grain filling pattern among grains within a panicle, and between Xiushui 63 and Xiushui 11. In comparison with middle
grains and top grains in a panicle, the bottom ones had lower grain filling rate and grain weight, leading to obvious difference
in grain weight among grains within a panicle, and Xiushui 63 had significantly larger difference than Xiushui 11. There.were
significant and positive correlations between As, Cd, Ni content in grains and the maximum grain filling rate, but negative be-
tween the contents of these elements in grains and the time reaching the maximum grain filling rate. Concerning Cr and Pb,
the case was just opposite. It is suggested that the accumulation of As, Cd and Ni is accompanied by accumulation of carbohy-
drates in rice grains,

Key words: rice; panicle; grain position; heavy metal; grain weight; grain filling
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Table 1. Panicle traits and grain yield of the two tested rice varieties,
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REFAEE— MR, AT LN, KA AR
WUKHAESRABIRBAENEER, HHA
TR bt R TR P A TR LA i) B LB 2 SR K,
HERFEMERTREMEATHEA MM . Hi
SERKERFARBAUBAECRSTBRMNERK
HERERRR, LRI [ & B8 B X RALF
HEREIREROEWEMEANH.

A 5 43 51 15 P AR B R B 22 7 B K Y MR KR A
TR AT K 63 MBI AL & RN F oK 11, M 7E
XEGRBEGEN LT, EEMRUAH: DK
B E 5 ¥R As.Cd.Cr Ni.Pb & BHIB AL £ 552)
FRLP S MEERF RN ER SRENMESR
B OC 2% 5 3) B IR A IR) L o0 L B IR R S kPR S
MECRETRHXR.

1 MBSk

1.1 #8

BT 2001 4 £ B 14 5% 2% AR ML B BT
PR B ARG AT, Bk N F R, 1B LA
REp e, BEHLE & & 26. 2 g/kg, &R 2. 41 g/kg,
WARE 199. 3 mg/ke, A B 24. 5 mg/kg, H I
138.6 mg/kg,pH 5.81, + W EE B A M S(DTPA
BBOSEMWMT.:Cd,0. 062 mg/kg; Cr,0. 883 mg/
kg; As,0. 130 mg/kg; Ni, 0. 045 mg/kg; Pb, 2. 283
mg/kg, HEEA B, B A &R EEE 20 4D 80 4F
RFBZE 90 FRYEW T LH . LB EKE R
JURE B BRE K 11, A8 AU 5 ik BROR AR R KO
RMAEMBES K 63, WA BRI =2 L
HRFEL, BHIXKARE, NXEH S5 6 mX1.85
m,EHE 3R, 5 A 29 B#EF,6 A 27 B BR. Bl
28d, MFELERBM, HAE 450 kg/hm?, B
MAFEEF23em X 16cm, FRN2~34& , RAKEE,N

KL/ 7

LR/ T

REREE

: K Fi 4
A RD A Total no. of Filled no. of Filled grain

: Length of Grain yield

Varietal type? Variety grains per grains per density
panicle/cm /(kg « hm~—2)
panicle panicle /(grains « cm~—!)

wR CP 7K 63 Xiushui 63 111. 63 aA 92.06 aA 15. 36 bA 5.99 aA 8218.5 aA
BER LP # 7K 11 Xiushui 11 85.50 bB 80.13 bB 18.98 aA 4,22 bB 7548.8 bB

D CP, Compact panicle type rice; LP, Loose panicle type rice.

A—5 P NERREFRARESNRRERSEEZIREEKF.

Values followed by different lowercase and uppercase letters within a column represent significant difference at 5% and 1% level, respec-

tively.
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B A,
L2 B#5NE
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Ji i RE K, AR U K, 80°C T4 24 h, ARG
BEHLA B LMY, it 100 B 7. 48 1 4% 5 o 5 PR B
1.5000 g ZE A, B A 30 mL R+ WEHE TS
AP 550 CRAL 10 h, BHIEMA ZmL 11 (f&
B HClEZRGER AEETKHEREE 25
mL,3d € 5, B ICP-AES (TJA, USA) I_JE'J'{J\J%
Cd.Cr.As.Pb HI Ni & &,

HTHEBRARREAFNESESRSEN
ZR, AR B, TR L AORANT A0k AR XS
25 {k, # (Percentage of relative change, PRC)[25,12]

PRC=[( kAR El T AR B — AR (B /
H AR B ] X 100 .
1.3 ERBFHEIH

BFHEEHES K&, 8 3 d N EMARC
MR REPLER 10 A, B7E 105°CTFHE L h REF M5
F 60°CH gt 12 h, BIER=E JRUKL, 3% B R EBUR
[FRLAL FRRFRL . AEATE 60CHEAE LA 48 h &
EE,WEHE, XA ERERA T UERXE.

ML A Richards J5 12 # 4R [K 2% 55 126) i il it 32 427
B 7 X R R SR A AR AT LA, SRR R AR 12T
HTERNE XS E PR AT AR,

Richards 5 : W = A (1 + be~R)—m;

XA WARHSHAEKE, BIBEKRE (mg);t
FHERE(D;A REKAER, PR RERNE
(mg) ;b APMESEGE HERKRERSHm HER
S8, IHRELEXRESE.

Gt M BRUAITENHER X HGH
L2815 i) DPS B4 47

2 R0

2.1 HESKHHPSHESESRSBRNY S
L 7 3 Y

AN EFERELER ERAMMBEK
63 BERTHMBERZMEK 1L, ¥ B Cd.Cr #1 Ni
SEBMAZEZRBE/NAsSEFKGBEERTSE
K 11,70 Pb & BISIF MR (3R 2) . KBEREARR
NP ESEETRESNENZRESMMSE, FR
63 B EMFF A As.Cd.Cr.Pb & & A FR AL E £ 7
BE, FKIWEFUAREE R Ni SEW 5
BAEHEREER (R 2. ANE. TS
AL FFRLIE AR AR (L 3 B &, W A FOR RDRLALRL &
EHRNESBESENTLABRELA B HEF®E
ERGMMESBEMEAFEEEZER(H D, BEM
As.Cd.Ni & &, E AR T A0H R, T A0 R
R F kR ; MR CroPb S B EIBIFAHR, B
EADEPRIEBRTT T ALAFRIAN S . BRFEPRL Ni F B4,
FK 63 ETHAMREMBEERMFREF S HESRS
BRI MAHX EAREEFIXEEKT.H
FAKIL B FRMASHARAMHENZRE /DN, As
Cd.Pb & &R [FRL{LE B 2 R A 8 K, T Cr.Ni

2 ARAUESAERCHNERFRDBA As.Cd.Cr.Nifi Pb &

Table 2, Grain weight and As, Cd, Cr, Ni, Pb contents in the grains at different positions in a panicle for the two rice varieties.

NEXRELREK %K 63 Xiushui 63 # 7K 11 Xiushui 11 %% B E ¥ Significance
Grain weight or % AR Rfuk FAcR 0 B ISt AN R UX YA Rk A
LSDy. 05 (G) LSDy. o5 (P)
heavy metal name WPG TG MG BG WPG TG MG BG
B E GW/(mg » grain™!) 27,14 b 28. 82 27.53 22.98 29.67 a 30, 46 30.01 29, 26 1. 896 0. 940
As/(mg + kg™1) 0.108 a 0.122 0.104 0. 081 0.079 b 0.081 0. 080 0.077 0.014 0. 008
Cd/(mg *» kg~ 1) 0.083 a 0. 099 0. 080 0. 062 0.075 a 0. 087 0,077 0.072 0.075 0.025
Cr/(mg *» kg~ 1) 0.391a 0.363  0.388 0.449  0.448a 0.418  0.423 0. 430 0.152 0.109
Ni/(mg « kg~1) 0.621 a 0.677 0. 607 0.575 0.489 a 0. 495 0.492 0.479 0.152 0. 109
Pb/(mg + kg™!) 0.064 b 0. 060 0. 066 0.081 0.133 a 0.130 0.138 0. 147 0.019 0.018

LSDy, 05 (G) — B 5 70 8] be B¢ 5 LSDy. 05 (P) — B {0 [H] b 42

WPG, Whole grains in a panicle; TG, Top grains in a panicle; MG, Middle grains in a panicle; BG, Bottom grains in a panicle; GW, Grain

weight; LSDy, 05 (G), Comparison between genotypes; LSDy, o5 (P), Comparison between grain positions.
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Fig. 1. PRC of grain weight, and Pb, As, Cd, Cr and Ni contents in the top grain(TG) and the bottom grain (BG) to the middle gr:ain

(MG) within a panicle of the two rice genotypes.

BN 3 REEVFHME. »RARLER TSP EERBE.
Values are the means of three replications. * indicates significant difference at 95% probability.

PRC=[(Value of TG or BG— Value of MG)/Value of MG]X 100%.
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Table 3. Grain filling parameters of different positioned grains of compact panicle type rice Xiushui 63 and loose panicle type rice Xiushui 11.

. gl BAEEES # A BRTHE S5 B 7 3 B ] - 35 9 3R 5% R
Hf GR, GRn,, Tooi W poi T. V.
Grain position
/(mg + grain=!'d~1) /(mg * grain=!d!) /d /(mg ¢+ grain—!) /d /(mg * grain—'d—!)
%K 63 Xiushui 63
ik TG 0.481(8.57) 1. 264(20.50) 7.95(—8.41D) 8.95(5.17) 39.72(—10. 46) 0. 584(17.03)
difip 5 MG 0. 443(100. 00) 1. 049(1g0. 00) 8. 68(100.00) 8.51(100.00) 44.36(100.00) 0. 499(100. 00)
F ik BG 0.176(—60,27) 0.783(—25.36) 21.66(149,54) 12.16(42.89) 50.01(12.74) 0.404(—19.04)
#% K 11 Xiushui 11
Ak TG 0. 480(13. 96) 1.003(14.50) 9.02(—13.68) 9.02(—0.22) 42.84(—13.03) 0. 557(14. 14)
i fir g MG 0. 413(100. 00) 0. 876(100. 00) 10. 45(100, 00) 9.04(100.00) 49.26(100. 00) 0. 488(100. 00)
F ikl BG 0.235(—43.10) 0.897(2.40) 12, 96(24.02) 9.01(—0.33) 58.29(18.33) 0.408(—16.39

FEERRTF R L TRALS P B AN BB,

GR,, Initial grain filling potential; GR,,, Maximum grain filling rate; Tp,i» The time reaching the inflexion; Wi, Grain weight at the in-

flexion; T.» Active grain-filling period; V,, Mean grain filling rate. The data in the parenthese are relative value(%) of top or bottom grains

to middle ones.
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Fig. 2. Correlationships between percentage of relative change in grain weight and percentage of relative change in grain Pb, As, Cd.

Cr and Ni contents at TG and BG from MG in a panicle for the two rice genotypes.
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R4 BTLERAFREESESE S Pb.As.Cd.Cr.Ni S REAXH

Table 4 . Correlations between the grain—filling parameter and grain weight, Pb, As, Cd, Cr, Ni concentrations in rice grain of different positions

within the panicle for two rice genotypes,

R HE

Grain filling parameter Grain weight

Pb As

Cd Cr Ni

GR, 0. 864
GR., 0.997**
poi —0.974"
poi —0.892
—0.679

0. 827

—0.942
—0.990* *
0.948*
0. 819
0. 809

—0.921

SpEp

0. 836

0.962*
—0.894
—0.771
—0.697

0. 844

0.929

0.958*
—0. 885
—0.717
—0.862

0. 936

—0, 843
—0.992*
0.966*
0. 887
0. 655

—0. 811

0.746
0. 801
—0. 664
—0.472
—0.716
0.826
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