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(1. VR REFEIMRIE S, BEK  400715; 2. R IR IR ST sT B SE00% , K 400716)
FE . KA, ﬁﬁ{ﬂﬂm*ﬂﬂiﬁﬁﬁmm(POM)ﬂ%ﬂugTil%%\ POM H A HLEK (POM-C) Fl Cd(POM-Cd) 5 & KK R
HEBOL Cd Fri, BFSET POM 58 KRS oK AR A5 mm AL, 25 53R 35 POM 215 T HHEA LR (SOC) | i
A PLER (DOC) . POM-C, POM-Cd, POM Xf Cd 1Y &4 250N A %L Cd &2, 76 POM AL 2.5 g-kg ™' I Al &4
14 POM-C #il POM-Cd LLffil. 50 POM 48 & T /KRR A Wit B Cd 7E K REAE AR rh i) A AR (EAKARAR Cd & & IR
24% ~42% , ZEM Cd FHEE 9% ~30% , kL Cd &1 76 POM N4 0.5 g-kg™ A1 1.0 g-kg ™' B 0 BIREAR T 17% F
36% , ISR 2.5 g-keg AT E T 39% . ) POM XF Cd 7E/KREARFZERT i (943 TR R S 2, (H POM. 7% i o 4 20> Bsf AT 411 il
Cd MIKFEZEN FUFERIREIZ | POM IR INGE B — @ B, (23 Cd SNt PR 532 | IR B PR Cd & it MG/ T s 5=
FH, HHEAS Cd Bzt od 2R EERE %, POM-Cd SRR ukekid cd 2R FEEE. FHiL, %M POM TiE
it ds +3 SOC, DOC, POM-C., POM-Cd M ARG &1, KA Cd i

KEIA L BURA LB (POM) 5 R (Cd) 5 $EKFE L5 KA, ik

FESES, X171.5 XEFRAE. A XE4HS: 0250-3301(2018)11-5180-09 DOI; 10. 13227/j. hjkx. 201801107

Effect of Particulate Organic Matter on Cadmium Uptake and Transport in Rice
GUO Yi-xuan'?, ZHAO Xiu-lan'*" < / B’ i 4 i

/ ‘s |
(1. College of Resources and Environment; Southwest University, Chongqing 400715 Chmd 2. Chongqing Key L‘i;boraﬂt,.oi”y“,af

Agricultural Reqources and Environment, Chongqing 400716 €hina) f i F

Abstraet: A pot expenment was carried out to 1nvest1gateﬂh¢-effects and mec hanlsm ‘of. part.lculate orgamc matter (POM) on (admlum
uptake of rice on’ purple ipaddy soil. Organic aearbon‘.,.é"cl)nteﬁt in soil and POM and Cd content i POM and rice were -analyzed. The r
results showed that ‘the eontents of total sefl orgamc catbon’ (SO.C) dissolved organic carbon {DQC) , " organic carbon'in POM (POM—
C), Gd in POM (POM Cd), and the Cd enrlchment factor/ih POM increased with th application’of POM. When POM ws apphed at
a rate’of 2. 5 g1 kg™, “the proportion of POM- ¢ and PO'M Cd in 'soil significantly inereased. Application of POM also increasdll rice
plant biomdss and erlianced the accumulation of/ Cd in rice. The/Cd ‘content was reduced r)y 24% -42%. in rice roots and increased by
9%430%in rice shoots with"POM application’, whereds it was redu‘ced by 17% and 36% in rice grams when the application of POM

1

was 0. 5, g ke ™! dnd 1.0 g-kg ™", respectively, but increased” by 39% when the application of POM was 2.5 g-kg™ . Application of

POM hadino significant effect on the distribution of Cd in rice roots and shoots, but significantly affected the distribution of Cd in rice
grains. /The transportation of Cd from shoots to grains was inhibited at low rates of POM, but was promoted at high rates of POM, and
consequently increased the Cd content in rice grains. Correlation analyses showed that the content of soil available Cd was the main
factor affecting Cd accumulation in rice shoots, and the total content of POM-Cd in soil was the main factor affecting Cd accumulation
in rice grains. Therefore, the addition of POM to soil could affect the Cd uptake of rice by changing the content of SOC, DOC, POM-
C, POM-Cd, and available Cd in paddy soil.

Key words: particulate organic matter (POM) ; cadmium (Cd) ; purple paddy soil; rice; uptake
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AP ARG AR, i A5 45 SR fig B e
B LR B RS AHLA S e .
F AP 90% L I J 5 H R4 61, 4R
K, AR 25T R T EURL 43 21 By Rt 5 1 4
AHURBIEFRIIRE . WokA LR (POM ) b 5k
ERT0.053 mm TIEH TR 25 G A LB, 2
Bl P53 AAR 1) - 498 5 5 I A AL 0 M v ) 0,
el SR E IS B UG, TR XU
WA ML REYE 78 - 5 A 57 40 10 BF vl AR
FAS. AR, POM X+ 4 @t A B B
AR e e — 4T e A 4 b - 4 Cu
f ) AL T POM O — kA A s
POM 111 Zn 1 Cu 5+ R Zn B Cu 19 HLA5143 5]
F12.2% ~31.7% F115.8% ~41.2% """ | #iIL 23
ARG G+ d POM XF Cd I E ERECH 3.8 ~
12.3'21 3&F POM it + 38 5 4 & 13 B 55 1L 5%
WA —LE 3R, Mohamed %" BB 5E & TR 4 )&
5 YL B T R I AKRERE FT | AR W3 A AR 26
Joi, BHERSR A Cu I Cd SRS, AP AS

HBRHAAS Cu M Cd F RN, HY POM 2559 Cu

%Mﬂgﬁﬁmfﬁﬁﬁ%?mmﬁﬁﬁ;ﬁ@%
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et KR POML X7 1) B SRR AF M HRP KA K |

RIS R, CLIOL o - e A LT S R

AR
1 #HSTE

1.1 AR

JKAE: SRR A Y IR ( Oryza sativa L. var. Y
liangyou ) .

R . kP R VDR 5 AR R
AR ER S VKRG £, R A H R J0 AT X P R R
WA 0 ~20 em L2, HIERHSINTEBRS
VIR IRAIERE, if 2 mm R IEH. +IEA MRS &
$916.69 g-kg™', pH {H} 6.33, Cd &% &4 0.14
R AT g 3%, 158 Cd W&k
1.5 mg-kg ™", LA CdCL, @WRIERIMA, Brik 1 4~ H
#H.

ORI AL 432 H e 8, O BLak &
154 180.65 g-kg ™', Cd & H 0.56 mg-kg™'. =
M8 Balabane %" (75 VE 70 8. BUXNT AR BE Y 1
HERES 100 g BT 500 mL BEHH A, fin 300 mL 2%

mg-kg .

BEE KM T BB Bk, fE R P F 25C, 220
remin "' &M N R Y 30h FEAT AL E, SR )5 F A
R HTAUAR 30 min, H 0. 053 ~2. 0 mm #5357
Bk, HEBETRKREREFE POM Bk, F
55°C FHETIFARER, BE4HIT 0. 15 mm Fii& H.
1.2 Bk

SRR T 2016 4F 4 ~8 A AETE R KT w ik
7. WY 1 4 ke, BEATTHA LI 255
B POM, 4IRS, HZSEF/KMEK 23 ~5 em,
A5 1 RIS T 2016 4E5 A 8 HAGBL, &A1 bk 1k
NER B 3 I LUK R | i — a5 . SALiEA
HAFNO0.24 g-kg™', P,0,0.18 g-kg™", K,0 0.12
g-kg ™. POM (i fins A S i t, 0.5, 1.0
2.5 g-kg™ X 3K, 4HIEHR Cos. C o F
C,s, LIRS POM RXTRE(idh CK) , 34 A4k
M, RRALPIE AL 3 UK, BEHLHES, KA A A TE £
FR#iK 3 ~5 om, 43 FIBENUE S Aot e

2016 4F 8 26 | H W3k, KK R AR 7> AR |
50 AURE R 303 25, T B Tk v AR
0.2% EDTA ¥l 2 J5J112 5 F /K BRiEF, 105°CA%
T30 min | T0CHE Tl Pk, AR 23
%@m%@&ﬁﬁcgﬁ%ﬁﬁm;EW%%i% 
BESL, —H90 T DOC Sl , 53370 FE St
F, e POy s 8 PoM bt B
I E . : “
JKAEREAR Cd &1 HNO, + HCIO, T4/, 14
1 POM  Cd & H HNO, + HCIO, + HCl {lf#, A
S Cd S8 1 mol-L™'NH,O0AC 3242 ( + L 1:
10) , THRBFMR SR P Cd & i R It
JERE I GE (TAS-990) . /KRR Jm et RE i 25
BFK(HKH 1:2) F 180 remin 'R 2 h, E.O
g AR E W, FH R A S B A DOC
(multiN/C 2100 TOC). +3EF POM A5 HLAK 75 =
FHE IR A ik, BRSOk [ 15].
KHES RIS | AT RE RS v 5 [ A v SRR S
GBW07428 (GSS-14) , PrEM ML GBW10046
(GSB-24) T AT B, -+ HERE Y bR A
i Cd Y34 5 543 51 8 0. 191 mg-kg ™' 1 0. 020
mg-kg ™", TEHARUELE Y FE A
1.3 BRGS0

KM Excel 2010 #4744 2b 3, SPSS 21. 0
TTHRRZR T 22538 . AHCSMHT, Duncan 1T 2 &
FedE (P <0.05), Sigmaplot 12.5 47 504 2 #r
YER.
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2.1  POM % fin &t %f 28 4 7K fF 1+ SOC, DOC Al
POM-C 7 H 5% 1]

He 1 %, 4 SOC (B MLER ) A1 DOC (1]
WA AR ) SRS POM FH RIS KB . 5%
TEAHEL, Cy 5. C, M1 C, JAbHE SOC F /i m T
4% . 8% M1 19% , Horb €, bR 7 e B 3k i 3K
(P <0.05), XAEH TAMEA ML RHIEA T 45 5
3 soc g W POM [i] + HEB| AT B B
U8, $m T B3 SOC F. Wi POM i DOC & &
WER S, (HRE POM BN EA] DOC & & 25 5 A8
B, £ DOM & = ZAMER A . B8k
YIFER S A e A E FR R ), it A HIL R I
Hhn 5 DOM By E R . POM T B s

PIBRAR . BRAR . ELTR P 22, 0T Sh Wy T A A
W AL HLRERL, BRI N
MR SEY) 5t , {13 DOC & S .

5 SOC #1 DOC ARy 2, SX AL, 6
JKFE A POM 5 7E POM B3Nk 0.5 g-kg ' AT 1.0
g-kg AT E AR, FEARORE B 25% R 22% , fE
POM #sANEE N 2.5 g-kg ™' I B 425, S midR g K
24% , FRHIHNE POM s il 1k — a2 B B A4 A i 3 4
{5 145 POM & it POM J& T 3EA ML il F v )
7, A EMES, — RS R COo, Al
K, T3 — 5 T 3 3 A AR R R AR A2 1 POM. Y
POM IR IERH/DE, A 3R POM 3k T 3%
A, fRUE T POM HIRESAR , fii 13 POM &t
FEAIC, 24 POM SNk 8 — & ST, POM ¥ K
Forfite, i3k POM &SRR 5.

#1 ¥ POM %f 11 SOC, DOC, POM & EH# " ¥
Table 1 Contents of SOC, DOC, POM, and POM-C in purplepaddy soil as affected by POM addition # g =7

socC DOC POM POM-C & POM-C M5 " il gy 1
i /g-kg_I /mg-L_I o /g-kg'] /g-kg'_jl — /g-kg_l ﬂ%ﬂ}.g/%
CK 8.80 0. 15¢ 14.43 £1.86b = 15.88 =0.21b 159.01 #1. 22d | 2/83x0.02b 2.&-"“71“_;.6.'53%
Co s 9. 13 +0. 06hc 40.47-+3.37a;  12.68 £0.2lc 176.21 £2:16¢ .| 2.23 £0. 03¢ 24.48"+0.36¢ 4
Cio 9.54 +0.07b 41.07£4.94a . 13,03 +0. 16¢ 197.87 +3. 241 . 2.58 0. 04b 27,03+ 07265"
C, 5 1051 £0. 242 44/72/44.004 1 M9.66%0.38a  215.65£2.66a, 4.24+0.05a 40. 39 = 1930a

1)S0C - He s 4 BUBk L, DOC %i@i@ﬁ?ﬁﬁﬁlﬁi&%ﬁf PONL-C Jy POM 5 L 27 B 2 R P S0 = b, Tl 78 e

RFPOM 7 I iR 133 (P <0.05) AR

~ 13 POM-C_£5 ik Hy POM Hof1 Bl it POM-

C.J80: H +Heh POM it 5 POM ¢ﬁm%ﬁ§_gg--“"
TR A POM & B 42785 T+ POM-C fadi,

XML, Cos5. C, o1 C, 4B POM-C 5 i 43
S T 1% | 24% F136% , FW] 15 POM-C
B POM 7S It B 38 R S & 3. 18 A L
SRR R =4, POM it A 1 Ji5 AT 38 i Ak 2%
Joj 5 AR 2 N R AT 3R A RN AR A T8 BOME 43 fift 1 K 43
¥, S5 R EEAT AE AR S B B R i
XES ALK+, A HLETE POM H B
A, IR T 13 POM-C &7, 5xF A
F, Co b F POM-C 5 5 F1 57 Bk 5 20 1) (A% T
13% F1 17% , C, JLFE POM-C B Fxh + 3 BA
PLER G DTk R 22 S5 R B 3, T C, A BRI 4E & T
68% 1 41% , X 54ME POM 515 Y 1+ 1 POM &
=LA G
2.2 POM %+ X 3 POM-Cd & &= A% Cd
Epioh-A|

13 POM-Cd & &4 POM H Cd & &, POM-
Cd it L5 POM &5 POM ' Cd & i3

AR : ‘
5109 M2 Hult, vRAN POM B354 T ek

~POM-Cd 75 B (POM ft Cd & B), 5 %T HRAf I,

Cos. C, M C, ALFE POM-Cd F 8 HIHE R T 3% |
11% M1 21% , B HFE POM ¥ il & 3 K POM-Cd
FHEHNEYE. POM PTESE SRS HIERESE
MR HERRSESETE POM B EEBN, 4
HRT 1, #RESBE POM ha 4R poM 4
Cd I EEZRBN6.75 ~8. 14, X5 Balabane 2%
HRIE ) POM XF Cd (& £ RECH 5 ~ 11 FeA—F
BiZ POM JHEHE K POM XF Cd 1Y & 4 R B 41
Fi. POM-Cd xf 3 8 Cd Y 5Tk R N 8.85% ~
16.01% , T Wiatrowska 2512 (O BF 9% 45 5 (& K
TR N 45.30% ). C, 5 A1 C, (AL BEAH POM-Cd 1
S IR 21% M19% , C, ALFRIRE T 49% |
POM-Cd X} 148 5. Cd /9 5Tk 5 £ 3¢ POM-Cd &
AR, FIRRH T C) M C  Ab B+ 5%
POM & EACT X, 1 C, A0 H 43 POM & &
POM-Cd & i TR BRG [E.

A% POM XF Cd 19 & S AE AL, & L1
POM-Cd & e 5 13 SOC, POM-C % 1 Fl &
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AT, 4iREW, L3 POM-Cd & &5
13 SOC ., DOC, POM-C 5 Fli i 5 i 38 1 AH G
KF, 13 POM-Cd EifE 5 15 SOC, POM-C &+
AL & POM-Cd & &2 B F IEAH LR (£ 3).
AR, LA S AR, BE MR
FLAEXT Cd A EEATIREM LAY | R R R IR 2
HrH POM ik 2 2 B ikt | FRILMR | 05 k&
BRAE, A POM #7557 3 SoC il POM-C %
i, Pt T POM 5 IR Cd AR S, B T

*x2

+3E POM-Cd &, POM jifi A 13585 70 il 2 A 55
KICREARA VL, AR A 0N,
i B & 4 e cd. BeAk, POM K&
fe 1k, IR B RS A AL, Il [ rh A e
R I TRIE A R A Cd 4 POM HTR, &
ZARE T 3 POM-Cd M. 3R 3 e R
A, 3% POM-C 7 &2 5 W + 5 POM-Cd & & 1Y
FERZE, L3 POM-C i 8 J& 570 1 5 POM-Cd
R EE R E,

#in POM % POM E £ Cd HI80"

Table 2 Enrichment characteristics of Cd in POM as affected by POM addition

POM-Cd e f 2 POM-Cd fi POM-Cd BTk
i /mg-kg ! HARAH /mg-kg ™! /%
CK 9.52 0. 02¢ 6.75 0. 02¢ 0.15 £0.01b 10.72 +0. 03b
Cos 9.84 +0. 12be 6.98 +0. 09be 0.12 +0.0lc 8.85+0. I1c
Cro 10.60 0. 11ab 7.51 £0.07ab 0. 14 0. 01be 9.79 +0. 10hc
Cys 11.48 £0. 54a 8.14 +0.39a 0.23 £0.0la 16.01 £0. 76a
1) POM-Cd 9 +4E POM 1 Cd &4t
®3 1EPOM-Cd SE5 WA, POM-C SEBEXESH A
Table 3 Correlation between the content of seil available Cd and the content of SOC, DOC, ROM-C, and POM-Cd ‘ P
WH DOC S0C POM-C 77 1t POM-G Ml | POM-Cd 7rft POMECe =S
POM-Cd 1t ~0.647" 0.814" . 0.879" 0.785¢" |, ' — -
POM-Cd Sk 0245 .78 | /S 0667 0/974:° L o0Mser —
SRR ,0.847™ 0.281 . /" 40,458 -0.088° 7 4y 0429 -0.213 ¥
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; o N 9
P, (AR POM I Cd 4= 9 m] A 1 14 fin ¥
JEREAR. POM ANEGIE B 43 i, 165 it F vp = A= o
DOC W] 2 & + HE Cd 3% ¥, POM 3 o[ il iof H '
—RCOOHFI—ROH 453 141 (14 S J22 W B+ 15 5l T
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Fig. 1 Available Cd contents in soil as affected by POM addition
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Fig. 2 Dry weight of rice root, straw and grain as affected by POM addition
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Fig. 3 Cd concentrations in the roots, straw, and grains of rice shoot as affected by POM contents
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Table 4 Accumulation of Cd in different parts of rice as affected byPOM addition/ g - pot ~

1

b B Ui EXy FihL SRR E

CK 20. 18 £0. 76a 41.19 1. 53¢ 3.43 +0. 10b 64.80 £2. 03¢
Cos 21. 88 +0. 62a 53.61 +0.49a 2.57 £0. 12¢ 78.07 £0.93a
Cio 21.68 £0.97a 45.50 +0. 25b 3.33 +0.32b 70.50 = 1.42b
Cy s 21.06 £0. 82a 44.70 +1.22b 5.33 £0. 08a 71.10 0. 73b

2.5 POM URMEXKAGHEAR Cd SR S s s

Cd FE/KAEAR | 250 | Apkirh SR 20 51 7K A
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Fig. 4 Distribution of Cd in different parts of rice as affected by POM addition
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Table 5 Transport coefficient of Cd in rice as affected by POM addition

Ak TF oz iy T spp 201

CK 0.40 £0. 02¢ 0.13 +0.01b
Cos 0.64 +0. 02a 0.08 +0.01d
Cio 0. 60 0. 03ab 0.11 £0.0l¢
Cy s 0.55 +0. 03 0.20 £0.01a
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ZERY Cd LEKRE H 0 BE He A5 14 728 A — 2.
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Table 6  Correlation between Cd in rice shoot and soil SOC, DOC, POM-C, POM-Cd, and available Cd

SoC DOC POM-C & POM-C i i POM-Cd 5  POM-Cd & & A3 Cd
M Cd -0.788 " -0.911* -0.477 -0.870* -0.346 , ~0.703% L0707
it Cd -0. 420 0. 240 -0.334 -0.670" =0.431] -0.716*" 0,592
FPEE Cd 0.677" 0.110 0545 0.918™ 0553 0.949%  -0.380
REM Cd -0.072 0.416 L0154 -0.110 0.096 | 1y | -0.172 odsr
2 REH Cd -0.057 0.532 . 0.005 -0.330 £0.125 | 1| -0.409 i “3{733f? /
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i 4 l i f . F “--"-. ! i B vy . .. F ~
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