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Abstract: [ Objective | Trace elements such As selenium, copper and zinc participate in various reactions
in human body through enzymes and they are essential elements for maintaining health , while heavy metals(Cd,
Pb, Hg and As)act on human body through food chain and they are harmful to human body.Rice, as the staple
food, is an important channel for human intake of these elements.The purpose of this study is to investigate the
effects of different agronomic measures and amendments on the accumulation of heavy metals and the content of
trace elements in rice. [ Method | In this study, Lianhongxiangzhan was selected as the research object, and
different concentrations of lime and different water management measures (flooding, wetting, intermittent
irrigation)were used to study the effects of trace elements(Se, Mn,Fe,Zn,Cu)and heavy metals(Cd,Pb,Hg,As)
on rice. [ Result] The total selenium content in rice was significantly increased by wetting irrigation. The total
selenium content in rice was significantly increased when the lime dosage was 10 g/barrel and 30 g/barrel under
wet irrigation. The results of two—factor variance analysis showed that irrigation method and lime consumption
had significant effects on the total selenium content of rice. Under intermittent irrigation, adding different
contents of lime had significant effect on the increase of Zn content in rice grains.The influence of the amount of
lime on the content of Zn in rice is extremely significant, and the interaction between irrigation mode and the
amount of lime has an extremely significant effect on the content of Zn.The addition of lime in wet irrigation
significantly reduced the concentration of Cd in rice, and the interaction between the irrigation method and the
amount of lime has a extremely significant effect on the Cd content.The addition of 20 to 40 g/barrel lime under
flooding irrigation had a significant effect on the reduction of Ph content in rice.[ Conclusion ]It is important to
adopt proper water management measures in combination with suitable concentration of lime amendments to
promote the enrichment of trace elements Se and Zn in rice and reduce the damage of heavy metals Cd and Pb
to rice.
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JGZE (Mn . Fe.Zn.Cu.Se) & 4@ (As .Cd Hg . Pb) BLRAR L . Ry F-4% R 0K AR & 0 5 1% WFSEAS (] b 3
PR FEE 48 S o R w SR, e KRR e A 2 et R LB S
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1.1 R

BEEUKFN I H H A A SRR o R A TIPE A ROV B B A S RS )2 (0~20 em)
Pt - 2 [ SR f ack 0, P80 5 e VR S e ofk s L BT . M 5E 3% Se 1.65 mg/kg.Zn 8.82 mg/kg.Cu
2.20 mg/kg.As 0.55 mg/kg .Cd 18.9 pe/kg Hg 17.0 wg/kg . Ph 62.9 pg/kg.
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Tab.1 Total selenium content in rice,available selenium content in soil and pH
g ab B . o "
) A 5 i/ (g kg ™) AT A R (pgekg ) T4 pH
Experimental
Selenium content in rice Available selenium content in soil Soil pH
treatment
AR [F] B T KA [F] B MR WM REGER SN WEKENR
(g f™) Intermittent Wetting Flooding Intermittent Wetting Flooding Intermittent Wetting Flooding
Lime dosage irrigation irrigation irrigation irrigation irrigation irrigation irrigation irrigation irrigation
0 0.740£0.300  0.845+0.314  0.423+0.226 ~ 60.22+7.59  58.62+11.49  36.04+35.13  5.56x0.07 5.53+0.06 5.500.14
10 0.579+0.089 1.487'+0.345  0.180°'+0.015  42.77+27.94  24.30+529  55.09+18.20  5.970.18 6.06"+0.17  6.087+0.15
20 0.356'0.180  1.210+0.201  0.1747+0.050  39.32+29.81  82.46+12.18 41.79+10.43 69374052  6.767+0.13  6.947+0.27
30 0.400'+0.131  1.372'+0.523  0.163'+0.016  40.51+33.53  54.47+39.29  59.07+28.52  7.527°+0.28  7.227+0.21  7.377+0.10
40 0.2577+0.066  1.304+0.125  0.162'+0.027  31.98+24.96 43.54+536  49.71+1.79  7.787+029  7.577+0.19  7.667+0.19
AR
LB
Coefficient of -0.941" 0.520 -0.749 -0.888’ 0.000 0.525 0.983" 0.993" 0.984"

correlation with

lime application

*FORIE S 5% KT s AR 25 1% kP

*significant at 0.05 level, **significant at 0.01 level.

TEIE 7 =0 OKAM 5 1 52 e OR A 02, A A Rk R R A KAl 5 s i 2, PE B S A K
S HL X ROKAN 75 B s M b 25 (R 2) o BERHE I )7 =X 5 A A KA e R R e B — R I 25 H
VEFH T IOK Al &5 IS4 S 2 520l o I R A A DA P K5 AR SR X DR KT 55 i 1 22 114 b B A
7K 88.1% FIAX I R BELIR 22 o AR A7 R TN 123 pH B2 M RCR I 0%

®2 ERARNNERAEARMARBSE  LEFLMESE pHEMNEARFTES N

Tab.2 Two—factor variance analysis of effects of irrigation method and lime application

on selenium content in rice,available selenium content in soil and pH

o P{& P value
- W 7 3t TR WEE Iy S KT A R
Parameter

Irrigation method Lime dosage Irrigation method * lime dosage

FKAG

0.000” 0.029° 0.002™ 0.881
Selenium content in rice
A O

0.846 0.748 0.154 0.339
Available selenium content in soil
43 pH Soil pH 0.340 0.000" 0.907 0.951

SRS 5% KN FIR I 1% KT B HE

* significant at 0.05 level , ** significant at 0.01 level.
22 ARRZAENTERIFHNAMETEEURR

N 3 o, 3 R AE R T AR Min ZE R I3 KIS R A 2 5 8 A s O 23.68 mg/kg, 1] @7
BN SRR 3 MREMEA R A BRI KA -5 0 IR L, JROK Hh Min 5 B 4 R AIG , EL R MR B2 B S 0 41
JRAESENTT AR, 278047 B2 40 /A XS K b Min 35 B2 Al 25 0 T RE h T KA I Al 13
H A R E I, A2 Min 1] 55 Min S8 AW A5 728 (/K AR WA 28 Min 5 5 B I, A2 Min 5 8
WREZ I

W3 TR AR U AT IR T B A R AOK Hh Fe 75 51 16.20 mg/kg, HARPIA Fe AT ZEA
Ko B ERHE B ORFAL Fe 35 AEUS AT DCRE 20 o/Afit 225 39 1 (P<0.05) , 299 X IRZHAY 1.3 4% 0 55 P ef
MR I A 5 % IR AR EE IO P Fe B BEOR W R84k . H3ErR Fe (1) H Fe (D) BEAT R AR
P, FE TR BRI IA 20 g/ifiAa B, vl REAE e rh BB A AT FeCID) A2 B, SERERPARI Fe 19 £
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N 3 v, TA) A RE AR 2 AR AN ] e B A R RS A3 R P Zn 35 BERE IS IR RCR 1235 (P<0.05) ,
FLARAS I 20 g/ B FFRLH B 4R Zn % 3 e i 15 35,11 mgrkgo FENRIE PEWEAL 20T VR A [ vk 2
XS REASAFRE TR Zn 5 1520 5 ] SRR CAR [R] , A8 B Zn 25 8652 i 4R .35 (P<0.05)  ELES i
30 g/ A4 I ) 2 A B 4 Zn R A R 30.93 mg/kgo WE/KBETARIN 20 15 30 g/l A1 KN 22 (B 5 Zn 12
BEHEIN(P<0.05) . 3FMEMBIT , A KPR Zn & G OLRE A KT 258 EFHE PRk IE]
SN TE FOA BE A7 WAL Bl TRPRLAR Zn & BT

W3 B, W /KPR St FHAS ) W B2 A i ROK Hh Cu 3 8 18 35 AR (P<0.05) |, I HLBEA7 I 4
BTN, KK Cu 5 B 2 B A, S TR R R 40 o/ A B 5 06 BRZL AT LE Cu S FEARZY 25, FTREH T
T HErROK IR S RN LSRR R A R, S BCE AT A Cu B R AR (RS A PRI Cu B R
R

®3 ARAETAKIHRETZSE
Tab.3 Contents of trace elements in rice under different treatments

LKA E/(g+Fl™") Lime concentration

W7 =
Irrigation method 0 10 20 30 40
Mn/(mg-kg")  [H#K Intermittent 20.61+0.84 22.03+£2.08 21.87+0.32 20.40+0.68 17.557+0.66
13 Wetting 23.68+2.30 25.90+0.54 24.20+0.84 23.28+1.83 19.457+0.92
#E /K Flooding 22.27+0.24 22.63+0.54 21.85+0.81 20.99+1.14  18.817+0.73
Fe/(mg-kg™)  [A]#K Intermittent 16.20+1.96 18.19+0.81 20.73"'+2.67 17.36+1.10 20.34+3.97
ME¥E Welting 17.27£2.79 19.99+7.16 16.69+1.00 17.55+0.33 16.86+1.25
#7K Flooding 17.62+1.33 17.26+0.30 17.65+1.27 18.46+0.71 17.23+0.63
Zn/(mg-kg")  [B]ER Intermittent 24.19+0.23 27.537+1.95 35.117+0.98  30.217+0.74  26.42'+1.32
141 Wetting 24.08+1.85 27.05+0.47 29.597+2.83 30.937+0.33 27.63'+1.54
#E 7K Flooding 24.84+0.70 25.15+0.70 31.647+1.71 30.68"+2.00 27.06+0.29
Cu/(mg-kg")  [AHK Intermittent 2.49+0.30 2.04+0.46 2.97+0.78 1.93+0.19 1.95+0.37
Y Wetting 4.11+£0.81 4.93+0.81 3.97+0.17 4.49+0.74 4.02+1.04
#57K Flooding 2.77+0.30 2.23'+0.30 2.14'+0.12 1.817+0.14 1.407+0.43

*FIRIETE 5% KT s+ R 2 5 1% AP
* significant at 0.05 level, ** significant at 0.01 level.

IR AR REBET5 2R R P Min &5 B R MR RCRAR 35, A A I AR T OROK Min &5 B 2 0CR
W (HRE 5 20 2 A R S L Min 3 S MESOR AN .35 T ] B R P e (B 0 O >l
ASINAT IR R Min 55 S 40T B A o AR A B DR 3% ROK v Zn 35 R I ROCR AR .  , TEE D7
A A A KR ASZE RS Zn & SR ACRAR B35 o UL BRI AR A7 DK B T TS N A= A IR SR T3 L
FRRE I 7 X BEA AR HEIOK PP Zn S g D7 O ROR v Cu 5 i R AR AR 35, A K
PR RO Cu 5 B SRR AS 35, BT ROK v Cu 5 SR AR T IS0 AR A0 K, E D7 3C R el 2 T g
SN ROK T Cu B i
23 AREKZHENTERIFHNPEESEEURAR

WIS 5 F7R  AE A A KA REAS KPR As JTUER B BT, (] BB 20 g/l 41 KX As 5 4
T i BAT .35 R0 (P<0.05) , HA PR FEBRAE 2C I A A IR0 R RIS 0 RS A FRE R As B BERZ ESCR A
B3 (P>0.05) o [BIERIAEEHINA AT IR A KFA 6 5 Ase fE Cd DU AT IE SR HEBE B U8 A [ e 1
A RII AT 35 AR AR AR P Cd R BE (P<0.05) , 75 [1) 878 8L IR 44511 30 /A A0 Jk T filE Cd ¥ B2 102 25 AR (P<
0.05) , I H AT A J A XoF 3 i A 5% 6 4 Cd BAF 9% 3R IR TR X AP v Cd e B e iy, R
PR RE AR N 445 . R HEP AR BT INA 2 SR IE S Cd iR IRER AR AL 25 Cd i T i, %
IR HE T W Cd A &5 B, (RS AR PR P 4 Cd & A BRI
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x4 EBRARNTEAEARNKKE K FIWTEXMONERHTESH
Tab.4 Two—factor variance analysis of effects of irrigation method and application of
quick lime on contents of Mn,Fe,Zn and Cu in rice

P{H P value
ZH et - IR - .
M7 50 A R TEME T 30 A R R
Parameter
Irrigation method Lime dosage Irrigation method * lime dosage

Mn 0.000" 0.000" 0.628 0.836
Fe 0.520 0.343 0.600 0.294
Zn 0.189 0.000" 0.006™ 0.877
Cu 0.000" 0.071 0.083 0.858

*FIR S 5% KT BV s FR 2257 1% KT B

* significant at 0.05 level, ** significant at 0.01 level.

W5 P FEARS AT B W K T AR O R A8 AT Hg T 3R 6 4R B A i, ZE VR N 20 /4 A1 K
XF Hg & 8 T i s Wl HOR 3% (P<0.05) VR FETA 29.75 pe/kg. TEXT PRI Ph & AR AT R B, i /K HE TR
BT U N 20 g/Af 5 40 g/Aififa G Ph 5t B ARG SE M 5CR b 2 (P<0.05) Wi 7K FREE X T R AR A A A b v
Ph 1) ST R, RS N DO BE T 55 P B AR AR 0 o A0 K AR I A 2 14 fin - 3 S50k 2% 1 671 F
i, INSECHE E FRLT I EE 4B B AN S B S TR A 2 BRI 4 Jd 3 i

*5 FRAMKETHRAFHTESESE

Tab.S Content of heavy metals in rice grains under different treatments

HEE T = AR EE/(g-Al™") Lime concentration
Irrigation method 0 10 20 30 40
As/(mg-keg™) [H] &K Intermittent 0.50+0.09 0.69+0.15 0.78'+0.14 0.59+0.02 0.57+0.12
HlE Wetting 0.51+0.03 0.58+0.18 0.49+0.10 0.53+0.13 0.40+0.10
7K Flooding 0.76+0.22 0.70+0.16 0.57+0.07 0.70+0.11 0.48+0.20
Cd/(pg-kg™) [E] 8K Intermittent 9.90+3.40 6.90+1.70 8.70+1.90 4.447+0.80 6.64£1.10
17E Wetting 37.50+2.00 30.20°£5.50 22.607°+4.50 16.607+2.30  22.407+3.80
#7K Flooding 9.20+1.10 6.40+1.10 7.40+1.30 6.70+1.00 6.20+4.80

He/(pg-ke) [A] 8K Intermittent 15.20+2.70 22.80+3.80 29.707+8.90 20.20+3.00 16.30+4.60
Y Wetting 10.40+3.10 8.40+1.40 8.80+2.70 8.70+1.30 8.50+4.80
#7K Flooding 26.10+8.19 25.69+2.81 22.31+4.76 28.53+4.96 15.71+6.57
Pb/(pg-ke™) [E] &K Intermittent 62.50+3.00 46.80+15.20 50.60+15.00 24.50+22.10  39.20+19.90
T Wetting 62.80+3.30 42.40+15.90 49.30+14.00 38.40+21.10  69.00+19.60
#E 7K Flooding 73.50+15.7 58.20+13.10 44.00°+1.10 37.50'+23.9  28.607+7.70
RN 5% KT F V5 IR 22 7 1% K Wk
* significant at 0.05 level, ** significant at 0.01 level.

1 6 1% , MEME A7 A X K P As B RIS B 35 A R XU RMR R B . W F A
Herht Cd B AN I MW 2k B A 7 R P B C B B M 5 O ELMEIBE 7 28 15 2 73 )
AR T Cd A T B WSR2, 6 5 P e Al )y s R A 7 0 T R 2 3 PV T L
ol B4 7 B, L SRl o b T R R R . )7 3 PR [ 22 85 £ % KR Hig
SRR B MG T 73 O U RCR R 3, B )y 2 A 71 K T oK v g
A B, 3 EL PR 2P SO H o TR0 5 4 B
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x6 EMAXNFMEAEARIN KRG K F WX M NERHTES
Tab.6 Two—factor variance analysis of effects of irrigation method and application of
quick lime on contents of Mn,Fe,Zn and Cu in rice

P{H P value
g — = e = .
Parameter W70 CVEY IR T A R R
Irrigation method Lime dosage Irrigation method * lime dosage
As 0.013 0.100 0.210 0.503
Cd 0.000™ 0.000" 0.000™ 0.947
Hg 0.000" 0.091 0.033" 0.728
Pb 0.490 0.050 0.145 0.461

FRINFESE 5% KV E M RN 22T 1% K i E

* significant at 0.05 level , ** significant at 0.01 level.
3 it i
31 AERZAIEXT T EER TR PSR

T2 FE VMG ER (+6 1) SEAGERER (+4 47) JTERM (O M) ML) (-2 40 ) 4 F 8T 2 A 1
HARA L, R, JTRE RS ALY — s 68 B — A &8 A &
TR R 25 6 A Ak 2SO0 1 38 rh i = ZERPUE S, KIS AT 58 $0 A0 2 - 98 A 240 = 2 53 il
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