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Analysis of Genotypic and Environmental Effects on Cadmium Content in Rice by AMMI Model
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Abstract: Cadmium (Cd ) accumulation in rice is greatly influenced by genotypes and environmental factors. In this study, ten early and
eight late rice cultivars, widely planted in Hunan Province, were selected as genotype materials and were planted at four experimental sites
in each of safe, and slightly and lowly contaminated areas. The AMMI model was used to analyze genotype and environment interactive ef-
fects on Cd content and stability in rice. Soil Cd pollution degree and plant growth season had significant impacts on Cd accumulation in
rice. The ratios of rice Cd to the official maximum allowable limit in late rice were significantly higher than those in early rice cultivars in the
Cd contaminated sites. Cadmium content in early rice was significantly influenced by genotypes. Therefore, varieties with low and stable Cd
content in rice grain could be chosen to reduce Cd accumulation in early rice. However, environmental factors had dominant effects on cad—
mium accumulation in late rice. It would be critical to analyze the genotype and environment interaction to determine appropriate areas for
late rice cultivars with low Cd accumulation. The stability of Cd accumulation in rice was determined by Di values, which is important for
guiding extension of rice cultivars with low Cd accumulation.
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Cd FHRAREEALR), 2pHEERFAR G
BRI o

F1 BFARE BFEKFLECIEE(pHS52~5.5)
Table 1 Content of Cd in soils from different sites grown with early
and late rice(pH 5.2~5.5)

14 Cd 754 Soil Cd content/mg-kg™

IKFE iR Rice variety

S1 S2 S3 S4
FLFRG Early rice 0.117 0.180 0.466 0.788
A Late rice 0.217 0.301 0.733 0.958

T PR X e Cd it R 40 MoK BRI AR PR L
Cd FA I MRS IR DX E e Cd Bt il 188 A=ifl 272
W) 8 BROKREAE A PR 2o b Cd & ik i1 {8

F i 48 4 E ZE PR IE (GB 2762—2012 ) Fil 133
FRES TR ARE(GB 15618—1995) , R K Al H + g
Cd R 54855739010 0.2 mg-kg™ F1 0.3 mg kg™ i
2 AT 0L, 7E 13 Cd F /N T 0.3 mgekg™ 1 2 MR
35, ST A S2, iy 10 SRR F REK Cd %
PRI 10%F1 30% , (A LE M5 L X S3, F5
K Cd RBARIY SRR 5 10% , B8 v5 Y X i 1A K Cd
FER A AR U 38 70% H 4 NI SRR Cd &
EIARM T FAO/WHO B AR Cd fie Kbr o PR
(WLs)0.4 mg-kg™' BEZEAF Y Cd ABFR R 5 T A5
(F2), B 41X (S1), frf SRR RE K Cd & i
e EZAME 0.2 mg kg, HAET FAO/WHO
HUE KA 54, 62.5%; TERRRIS Y IX
(S2), Rk Cd FEALT 0.4 mg-kg™! BIMAFIA 6 1>,
17 75.0%; I AEFR FE 5 YL X (S3.54), Fi K Cd &5 & kb
) R BR A = 2.7~11.5 £

2.2 F8XK Cd FREBENH) AMMI 2B 5347

AMMI #E R 73 M 25 LR B, BE AU b o e — 3%
P EAEXREAK Cd B R A LR 2, H e TAexT
VE AR R/ INBR K R A 231 B R AT T A B e 1) 22 57
(£3), XFRMBEME, AR Cd B R EfEARN MG
Tl M 51 TR 253K 2 B 2 /K F- (P<0.01) , H PR LA
Hh SO AR OK Cd B i (9 A8 53575 Tl 4303 o A B
FI 46.74% 34.17% , 32 B ft Bl iy 42 il 5o B 5% IR 7
B2 5 6 MRS 7, PR RE K Cd 5 = i 52 )
T oK, F DRI 4 58 LA FHRH R K Cd B 52
M) A 35 DR TR AR B ) 2
23 XK Cd RBRENERBESRET RS

XUb L i B Hb S0 5 -5 1l s R 52 BT 2
A3HT GXE AR T H . AMMIL AU B2 R fg ok
(735 Cd B i YR F R Rl 5 PRE5E 1 58 B RGN,
(IPCA1), ZE/KFJ5 1) b, ORI b A 43 BORR 2
e F A AH N Y 2500 . FETE T 7 1) IPCAT 4 X {F

3 JKFEHFHL Cd AR B AMMI TR
Table 3 Results of AMMI analysis for Cd accumulation

in rice grain

Cd fHE & Cd a(x‘,umulation/mg‘kg'1
HLF Early rice e fg Late rice
df SS p df SS p

Source of variation

LA Genotype 9 04094 0.0001 7 20931 0.0001
#EE Environment 3 0.299 3 0.000 1 3 17.174 6 0.000 1
ZHAEA Interaction 27 0.167 1 02026 21 3.5425 0.000 1
IPCAL1 11 0.1138 0.0001 9 2.5109  0.000 1
IPCA2 9 00399 00241 7 0.1464 0.000 3
5% % Residual 7 0.0135 5 08852
%% Error 80 0.3887 64 20555

x2 AEMASFETIER Cd EEHZIT

Table 2 Effects of different sites and rice varieties on rice Cd content

. T8 Cd & fEK Cd #BARK Percentage of rice Cd exceeding the limit/%
Al Variety ﬂs%l: f/ME Min/ - HRfE Max/ frifEZE SD/ R R %L N b
mg-kg! mg-kg! mg-kg CV/%

FLAE Early rice S1 0.083 0.155 0.019 16.24 10.00 0.00
S2 0.164 0.203 0.010 5.56 30.00 0.00
S3 0.340 0.606 0.092 19.74 10.00 0.00
S4 0.430 1.252 0.266 33.76 70.00 0.00

A Late rice S1 0.151 0.315 0.064 29.49 100.00 37.50
S2 0.271 0.316 0.024 7.97 100.00 25.00
S3 0.681 0.840 0.093 12.69 100.00 100.00
S4 0.767 1.120 0.124 12.94 100.00 100.00

T :a PR CdBFREFIRDR Cd bl [EAFRIE(0.2 mg kg™ ) AU FIES S A FMECR T 20 LE b AR Cd BARACNAEK Cd i) FAO/WHO

FRUECO.4 mg-kg™ ) At AL 7 B b R R 7T 20 L
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Figure 1 AMMII biplot of Cd accumulation in early rice( A ) and late rice(B)
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Table 4 Stability parameter of Cd accumulation in early rice grain at different sites
THFI A FR Variety Cd %+ Cd content/mg kg™ IPCA1 TPCA2 Di HER Sequence
VAL 24 0.177 2+0.056 9 -0.047 4 0.056 2 0.073 5 10
WA 42 0.168 0+0.045 4 -0.166 3 -0.010 7 0.166 6 4
HERL 45 0.139 4+0.046 4 -0.055 2 -0.153 4 0.163 0 5
T 4 705 0.339 4+0.056 8 0.332 9 0.078 9 0.342 1 1
KR 819 0.110 6+0.040 3 -0.094 6 -0.072 5 0.119 2 6
WA 143 0.184 4+0.022 0 0.147 6 -0.201 7 0.249 9 2
17 0.192 4+0.023 7 0.000 1 0.077 0 0.077 0 9
WA 6 0.152 1+£0.014 4 -0.096 3 0.006 2 0.096 5 7
HEAL 11 0.190 2+0.016 5 0.062 8 0.055 1 0.083 5 8
7% 249 0.147 8 +0.009 7 -0.083 6 0.165 0 0.185 0 3

S2 AEK Cd FRER A BN H AR B B ORI AR T igite . SR, AL 13 Cd

TR T e DX R TR AR ) o 5 LAt S R IR K Cd R
SZEAE 03 mg-ke VL F L IRIEAS SRR RN EAETS
A e PP .

3 iTie

JKCRE X B 4 TR ) W SRR R A LR Y [ A7 7
FES XN R H G R TT e 1 sl A e B

SR AR 512 4 DRI B DN B 58 4 R IE RS
K Cd FRALATE, I HIR— X8 8% Cd &
AT — A, 22 BEAE R FUR IR DL A I 3R
IR e gl . AWFFE LI, BMELE 4% Cd & EARMK
2 X WA —E AR R Cd S lbs, 52
SFRIBESESS SREEAR B A, 7 L Cd 5 A
B QR R ARG 1 (S3), FARERTR Y Cd bR

x5 BRBEAESMN CIREERRVEUSH

Table 5 Stability parameter of Cd accumulation in late rice grain at different sites

A4 FR Variety Cd &1z Cd content/mg kg™ IPCA1 IPCA2 Di HEFF Sequence

ph 0.686 9+0.098 4 -0.050 3 0.417 6 0.420 6 3

F Witk 263 1.095 00.158 7 0.793 6 -0.074 7 0.797 1 1
Wit 188 0.870 2+0.100 4 0.149 3 -02125 0.259 6 6

F ik 2297 0.580 0+0.068 3 -0.181 4 -0.175 7 0.252 6 7
AL 13 0.608 9+0.117 5 -0.152'5 -0.386 5 0.415 5 2
FWAE 299 0.881 8+0.142 8 0.218 2 0.051 0 0.224 1 8
AL 12 0.648 4£0.162 2 -0.113 1 -0277 6 0.299 8 5
FWitk 272 0.720 3+0.159 8 -0.271 0 -0.189 4 0330 6 4
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