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Control of Cadmium Mlgratlon and Transformatmn in Alkallne Paddy Sonl Rlce

Y & V2

Using Cotton Stalk Blochar f, €y & |
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LIU=Shi-dou" ZHU Xin-ping'? HAN Yao guang +ZHAO Yi', JIN Hang , JIA Hong -tao' '
(1. College of Grassland and Environmental Smenceb ijlang Agricultural Unlverglty, Urumq1 830052, China; 2. ijlang Key
Laboratory of Soil dl’ld Plant Ecological Prcesges), Urumql 830052, China)

Abstr‘aCt We 1nve%t1gated the effects of cotton:stalkl biochar addltlon on the soil nutrient characteristicsof alkaline paddy soil and the
mlgratlon and traﬂbformatlon of cadmium in a goil-ricé system A outdoor pot experiment was conducted with Tefengyou 2 rice as the
testing materlal We.added cotton stalk biochar (0%, 19, 2. 5% and 5% ) in the alkaline paddy soil with cadmium content of 0, 1,
4, and 8 mg kg™'. After rice harvesting, the effects of different concentrations of cotton stalk biochar on alkaline soil physical and
chemical properties, cadmium enrichment and transfer in rice, and the occurrence of cadmium in soil were analyzed under different
concentrations of cadmium stress. The results showed that (D adding cotton stalk biochar can effectively increase soil nutrient (P <
0.05). After the addition of cotton stalk biochar, the organic matter increased by 25.74% -47.53%, and the available potassium
content increased by 3. 16-4. 25 times. @ Cotton stalk carbon can reduce the cadmium content in soil and rice, especially after the
application of 5% cotton stalk carbon, The cadmium content of brown rice at Cd4 and Cd8 concentrations decreased from 0. 31
mg-kg™" and 0.43 mg-kg™' 10 0. 15 mg-kg™' and 0. 10 mg-kg ™", respectively, reaching the national standard. Cotton stalk biochar
can significantly reduce the enrichment and transfer coefficient of cadmium in soil-rice systems and can increase the cadmium content in
the residual cadmium but decrease the acid extractable cadmium, reducible cadmium, and oxidizable cadmium content (P <0.05).
@ Soil pH, conductivity, and nutrient indicators were significantly negatively correlated with cadmium content in rice and acid
extractable cadmium, reducible cadmium, and oxidizable cadmium content in soil and were positively correlated with cadmium content
in residual cadmium. The above results indicate that the application of cotton stalk biochar can significantly improve the soil nutrient of
alkaline cadmium-contaminated paddy soil, and the application of cotton stalk biochar has a significant control effect on the migration
and transformation of cadmium in alkaline soil and rice.

Key words : cadmium; cotton stalk biochar; alkaline soil; physical and chemical properties; bioaccumulation factor; translocation

factor; fractions of cadmium
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S5 W IS I N i 7 3 17 S | B N =]
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WA CO, #5465 b 12 B R FF o il FH 2t 185 22170 5 (P
<0.05) , HHita fin 5% 2 AR FF ¢ BB BE A &0 = 1
B pH W RN IR0 B, TEAS AR R 8 4 2
T, 5% & 0K FF e il 3 pH BN T 3.85% ~
5. 47%, F, S ERIEHN T 21. 87% ~42. 9%, A HLFHE Hn
T 25.74% ~47. 53%, B T 3. 16 ~4. 25 f%,
BN T 0.76 ~2.63 %, B & i T 3. 21
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W% I HHRFRS TR & A BTt s, Do
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Table 1  Effects of different concentrations of cadfifium stress and cottonstalk biochar treatment on alkaline paddy soil nuti{ént_ﬁ'u.
s . LR (R | ] A W
/S-em /g kg /mg-kg 7" /mg-kg 7/mg kg
€d0Co 8.05 0. 03f 931.00 £1.00d  [39.47 £0.31fgh  1075.72£0.971 .~ 15.30 0, 26( 17.37¢1.58% 4"
€docC1 8.1420.03cd 102033 21.83c | 415740 24ef 1254.63%1.9i 1 179312025 58.06'+ . 58¢
€d0C2.5. 8.18'+0.02cd  1135.00 £1.00p, . 47:40 £0.39¢ 2627.59 £0.72e_ o4 22.80 = 1591b 64.01 +1.58h 1
Cdo@s 8736#0/03a  1202.67 +6.Mal, f,ss;s"i 0.26a  4474.93%14.92a | 26)97 £0.64a 73.15 +2.10a
Cd160 7-89 +0.01i 731.67%2.52k _ /38.27 £080gh 922.32 £0.32n 11467 £0.12¢ 14,17 2. 10gh T
cdicl /7.9340.03hi  828.67%2.084 | 39.95%0.52fgh 120567 +1M40j | 1737 £0. 06e 31.09 #1, 58/
Cd1C2.5 8.14+0.02cd  835.67£2.08g) (4511 £0.24cd  2476.86+2.10f | 20.43 £0,12¢ 53.04 £3.17d
CJIC% 8.28(%0. 02b 891.67 £2.08¢/  #53/38 +0. 34D 4225.11£23.75h  26.67 £0,25a 71.78 +2.86a
Cd4Co| 778£0.03] 622.33x1.33n 437.6L%0.50h  780.63+8.09% 8.70 £0. 17h 12.8 £0.79h
cd4cl 7.98 £0.03g 686.00 +2.651 30.48%0.52fch  1121.03£0.74k  16.00 £0.26f 27.71 +0.48f
Cd4C2.5 4 8.110.0lde  763.67 +1.53] 44.01 2.04de  2108.39 £5.45¢  19.20 £0.30d 31.55 0. 00e
Cd4cs 8.17 0. 06cd 852.33 £0.58f  52.67 +6.02b 3934.71£1.30c  23.83+1.10h 64.47 £2.74h
Cd8Co 7.75 +0.01; 563.33+3.5l0  36.78 +0.02h 685.26 +1.85p 6.33 £0.58i 6.86 +0. 00
cdscl 7.89 +0.01hi 634.00 £1.00m  38.98 £0.46fch  1048.20£0.28m  6.50 £0.00i 8.23 0. 00i
Cd8C2.5 8.09£0.02¢f  760.67 +1.15j 41.36 +1.18efg  2003.15+1.47h  17.23 £0.21f 27.89 +3.17f
Cd8Cs 8.160.02cd  805.00 £2.65i 46.25+1.11cd  3596.07 £5.44d  23.00 +1.00e 34.29 £2.38e
Cd 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 *** 0.000 ***
c 0.000 " 0.000 0.000 *** 0.000 0.000 *** 0.000 ***
CdxC 0.000 ™ 0.000 ™ 0.004 ** 0.000 ™ 0.000 *** 0.000 ***

D) FFEHR R AR RNG F - RR 22 5 B3 (P <0.05) 5+ SRR R Z0 LR AR BT SR TE P <0. 001 ZK-FARAR 2.2

®2 2EITERAERIRE

Table 2 National soil nutrient rating standard

5 FHLF/ g kg ™! A/ mg kg ™! T/ mg kg ™! A/ mg kg ™!
1 RFEH >40 >150 >40 >200

2 F5 30 ~40 120 ~ 150 20 ~40 150 ~200

3 g 20 ~30 90 ~ 120 10 ~20 100 ~ 150

4 Hz 10 ~20 60 ~90 5~10 50 ~ 100

5 fRERZ 6~10 30 ~60 3-~5 30 ~50

6 Witz <6 <30 <3 <30

2.2 FRFFRASSRTEGRPERS - K R i 2 h AR R AT
P BRI

F AL T R, S S ER B i A R 2 S oK
B A e . R AR KR A% A R R

AIATTESL R AR > i > 25 > R > ROk, 7EM IR ATk
FEANFRTT , 5 CO AHEL , 34 AR AT e 1) it FH £ 2 2%
PR RS 2R E PR S (P <0.05). M- 34m
BRI | mgekg ™" ASINAE W) T SR AE 2. 5% L
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BALPRIG , Cd4 75 i OB K % 2 5 1R 0. 31 mg-kg ™
R 2] 0. 15 mg-kg ™', Cd8 & B K48 &
0.43 mg-kg 'FE(E3 0. 10 mg-kg ™", Bl C5 4b B )5 ks
K e AR E AR e LR T 25 R UL 7E £
BER O 0 ~8 mg-kg ' AbBET, BEARFF R e FH A
3 22 Fd T RK R &4 B PR & B W R IR (P <
0.05) , 5% Jiti & (AR FF 2= T LA S5 BHL 428 7 4 Js 4
] K FERPRL P A% | JF AT (K Febe K 4 & 1 T Feab
) FE AR ETL .

KRR R R R i B SRS R AT A

. @@k a
6 | [ co b
T [ Ja
= st s
&
B 37
2t
1 +
0
Cdo Cdl Cdd4 Cds
3.0
(c) 2% a
25
b
T:n 2.0
;E:_: 1.5 c gy
& a
E 0 b S
Cdo Cdl Cd4 Cds
1.2
(e) Fi5E .
10 b b
C
T 0.8 F a
J:u b C d
:;-; 0.6 §
é: a
E 04 b % §
il
a1l
il
0 N &
Cdo Cdl Cdd4 Cds
AbE

(F3) AR S RO AT KFES 2 E &
£E 2B BCF) Bl A AT s it FH 52 1) 38 22 T 38 U (P <
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Fig. 1 Effect of cotton stalk biochar on cadmium content in alkaline paddy soil and rice

body under different concentrations of cadmium stress
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Table 1 Table 3 Effect of cotton stalk biochar on cadmium bioaccumulation factor and translocation factor in a soil-rice system

] HERK _ ﬁ%/ﬁgiﬁl

L/t 2%/+ M/t e/ £ Rk £ E% /AR H5E/AR BEK /AR
Cdoco 2.09a 0.95a 2.5a 0.59a 0.28a 0.45a 1. 19a 0.28a 0. 14a
CdoC1 1. 96b 0. 84b 1.99b 0.51b 0.22ab 0.43ab 1.01b 0.26ab 0.11a
CdoC2. 5 1. 73¢ 0. 69¢ 1.71b 0.42c 0. 18be 0. 40bc 0.99¢ 0.24b 0. 10ab
CdoC5 1.63d 0.62¢ 1.45¢ 0.39¢ 0.12¢ 0.38¢ 0.89d 0.24b 0.07b
Cd1Co 2.75a 0.38a 0.65a 0.27a 0.11a 0. 14a 0.26a 0.10a 0.04a
Cd1C1 2.42b 0.34b 0.61b 0.22ab 0.08b 0. 14a 0.25ab 0.09b 0.03b
Cd1c2.5 2.34b 0.32¢ 0.57¢ 0. 2bc 0.07¢ 0. 14a 0.24ab 0.09¢ 0.03¢
Cd1C5 2.09¢ 0.22d 0.5d 0.18¢ 0.05d 0.1b 0.24b 0. 08¢ 0.02d
Cd4Co 2.06a 0.2a 0.26a 0. 16a 0.07a 0.1a 0.15a 0.08a 0.03a
Cd4C1 2.02a 0. 16b 0.25a 0. 14b 0. 06b 0.08b 0.12a 0.07b 0.03b
Cd4C2. 5 2.0la 0.09¢ 0.25a 0. 14be 0. 05b 0.05¢ 0. 12a 0. 07bc 0.03b
Cd4C5 1.93b 0.07¢ 0.22b 0.13¢ 0. 04c¢ 0.04c 0.11b 0.07¢ 0.02¢
Cd8Co 2.13a 0.38a 0.39a 0. 15a 0.07a 0. 18a 0. 18a 0.07a 0.03a
Cd8Cl1 2. 1a 0.35a 0.33b 0. 14b 0.05b 0. 16b 0. 16b 0.07b 0..02b
Cd8C2.5 2.04b 0.24b 0.29¢ 0. 14¢ 0. 04c 0.11c 0. 14¢ 0. 07 ¢ "".;(_):' 02¢
Cd8C5 1.98b 0.22b 0.24d 0.13d 0.02d 0. 1d 0. 12d 0.07d_ = 0.0Id

1) ANRING S0 3 AH R A vk LI&?TI‘J?J%EELEI!H%E(P <0.05)

2.3 fﬁﬂﬁ%ﬂﬁxﬁ’ﬁ%m&rﬁ“ﬂﬂmﬁﬁﬁﬁz?‘éaﬁ% M
4 T%u SFRRZ] CdO &

mﬁf B /u\

i A I MT}B B

“'iﬂiﬂ%ﬁﬂ’ﬁ
T A 5%/@,)(44 11% i
87.43% ) >iﬂrﬁ,u<6 01% ~ 33. 13%")
B (5.47% ~ 19.66% ) > 7’%‘(4&@(1 08% ~
3,13% ). T%nHﬁLLIET(Cdl Cd4 R Cd8), %

L€

kYA BN - T

LA\ -
., ,.,-"'

(41/229%~ 74, 42%) >ﬁ£(é‘,u(19 68% ~ 54. 97%)’

i 4 --"'

(0. 61%~2‘”‘13‘%) ZIiiﬂi'EM(% it%%tlﬂ%“}_feu,ﬁf
I A, WSS 0. 2660 et T
Skite S DR WD 6, TR X
(CdO) 56 K I 7 4 7 KRR | T A Vil
s SRR |+ s o R A
T2 0 LB IR T A e A e P

=

S FE )RRV B e AR BT 1 FHARAT ok T b 2

RAR £ Tl S B0 5 (P < 0.05) #ﬁﬁﬂ‘%ﬂ'ﬁ

> M A5 (2.35% ~ 4.07%) > BB IE  HATRRNE (0% ~5% ) , 7T IR A i o BT i
F4 BEEMFRITEERE T PENIRERSHZM /mg kg™
Table 4  Effect of cotton stalk biochar on the fractions of cadmium in alkaline paddy soil/mg-kg ~!

Ak 3 SRR PLIES AR S RS b3 RUTES

Cdoco 0. 054 £0.007a 0.09 0. 09a 0. 008 +0. 000a 0.12 +0.01d
CdoC1 0.050 £0.001a 0.08 0. 08b 0. 008 +0. 000a 0.13 +0.01¢
Cdoc2. 5 0.035 0. 002b 0.03 £0. 03¢ 0. 006 +0. 000b 0.20 0. 00b
CdoC5 0.014 +£0. 000c 0.02 +0.02d 0. 003 +£0. 000c 0.23 £0. 00a
Cd1Co 0. 028 0. 000a 1.09 £1.09a 0.039 0. 002a 0.49 £0.03b
CdICl1 0.017 £0. 000b 0.82 +0.82b 0.033 +£0. 002b 0.51 £0.03a
Cdic2.5 0.011 0. 000c 0.59 +0.59¢ 0.033 £0.001b 0.51 £0.02a
Cd1Cs 0. 006 +0. 000d 0.40 0. 40d 0.031 0. 000b 0.53 £0. 00a
Cd4Co 0.047 £0.003a 3.13 £3.13a 0.186 0. 007a 1.21 +£0.07d
Cd4Cl1 0.041 0. 002ab 2.93 £2.93b 0.153 £0.007b 1.43 +0. 03¢
Cd4C2.5 0.039 0. 005b 2.65 £2.65¢ 0.132 £0.001¢ 1. 57 0. 08b
Cd4C5 0.037 +0. 000b 2.46 £2.46d 0.129 +0.007¢ 1.75 £0.05a
Cd8Co 0. 140 £0. 009a 4.88 +4.88a 0.247 £0. 004a 1.29 0. 16b
Cd8Cl 0.125 +£0.011b 4.25 +4.25b 0.226 +0.001b 1.49 +0. 02b
Cd8C2.5 0. 094 +0. 002¢ 3.87 £3.87¢ 0.210 £0.011¢c 1.71 £0.0la
Cd8Cs 0.077 0. 002d 2.58 £2.58d 0.186 0. 003d 1.78 +0. 15a
Cd 0. 000 ™ 0. 000 *** 0. 000 0. 000 ™

C 0. 000 ™ 0. 000 *** 0. 000 0. 000 ™

CdxC 0. 000 0. 000 *** 0. 000 0. 000

1) AR NG R 75 A [R5 ok BE AR 3R AR [ e i Ab BRIH) 2257 (P < 0. 05) 5 %+ Fo KBRS LA T 5200 7E P <0. 001 7K-PHbk it 3
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FEWRIE R AR Cdo & frh, HXF R4 Co A I, I ik
SRS G LS C5 AFRFSFEAK T 4. 82 %, 78 Cd1 &
R, CS ABE R AR RS S R PR T 1. 75 %, 1
Cd4 &P, C5 AFETREAL T 0. 27 1%, 75 Cd8 &t
o, CS AFE R FRAR T 0. 89 1. 55 BRI A mT & Ak
A e AR B B 5 v R SR B —
B, FR A A P R B AR R i FH A 1 5 n i 1 22
(P <0.05) , it BIRRFTE 5% 10 8 0 6E 1 2% i 840 & i
B A AT AR R AR | 5 PR G AR A ] A LA

/D R TR A .
2.4 HHEFRILPERRS HIERIEES KRS A E
S AHSCHE ST
HE 5 AT, BR EUSCE 43 0] 5 1 R 4 iR e]
AR RRIB B R, LT i
ShRI5 PR A S RS TR RS AT
AILEMEEA MM ER (P <0.01) , HEMH
HRESHR T EEIEHXEER(P<0.01). HEK6
ALEL, IR A A R bR SRR A AR E (R R

®5 IEBEAMRSTEPERESSERXESR"

Table 5  Correlation between soil physical and chemical properties and cadmium occurrence in soil

TiH A A SRR RIS A SRS CIE: X% SRS
pH -0.523* -0.527 * -0.598* -0.541 " 0.530 ™
H G -0.802* -0.552* -0.826 -0.793* 0. 661 **
TR -0.259 -0.426 " -0.344* -0.273 0. 354
AL -0.523* -0.658 -0.611* -0.551™ 0. 592,
A LB -0.378" -0.494 ™ -0.443* +0,396 ** 0.392
R -0.587* -0.630** -0.642* ~0.606 ** 0367/
D) IEMERIERDE, FOBER DS * 208 P<0.05, % %%k P<0.01, T 7=
o | 4 ‘| . F"
Fo6 HEEUMRSKBENESBESES T .
./ Table 6 Correlation/between soil physieal and chemical properties and cad;nium content in rice 5
~IUH AR O e e .
b~ F o ] TS A ~0.705" 0655 <0.809"
sk S —os R0 7as -0.797") 7 - 07830 % ~0pR68 %
HE - -0.302" A0 s -0.493% g5 -0.421"% -0.594"
‘ i@w& -0.563* Y | -0I T34 —0.748 ** -0.676 " —o.811"
i 2 AU —-0.420* L -0.5147 . —-0.564 -0.514 %% -0.619 *
" wwmE! C 0,625 _ofon T o733 -0.708 ** -0.760 "

i RESE K ) TR A A E G & (P <
0.01). XA F 2R B oy - e BAL 1k o R AE —
PR LA S B A A0, BEL A 7 - S-S
RARRILAERE ), IR B AL RS JepRCR.

3 itig

3.1 RRFFHAS G AK R - 3SR A3 i
TR B AP BOAAL B2 ) 13 pH  HL T AR
TR MRS R A AE RS AT A= W A% i 45 )i
pH B8, pH Th i 23 5 Wi - S A -1t BT 82 - A 2
SN A LR A SR R R T
JEAT R B 2 — P R B 3
Y PEME A 2R R, LB R fe Y Y
I FH AR — 353, RERAEAEY) 175 43 R FH 2.
AWIFE R, LA BT A 37 o0 1 e R 3 T
WA, DA AT RE A ML 5 40 8 1 T R A B A
YIS BC AL 455 1, A8 AR TR 0 BRI 5 T R
W1, A=W e b S A R A LT R B L,
b AR IR Bl 5 5 B s 1 S 2 B AL
SRS FREE G, O A BT 5 S 2 R e i ek 2

FIRAFA O AT FE 5% Bt AR AT 2R X 48 TS YL RS
pH LR 5 FIAT BT 1 4 T80 R de B . TR =
BB B AE W, E A it B 2
SORFFM S, PR S 2 W it A 38 J5 A5 B R,
IR TR A TR DT TR TS YK
A 8 00 3% 43 S 48 b, 31X 5 A N B S 45 R —
i&[zz,ﬂ]‘
3.2 AR SR B KR L R E AS 5E e

AW A B B S AR SE R S AR
SR R ILFIREL | 3k BB T A W e B4
T R AR R BRI R R ) A g 3 B A ) TR
IREMEHE B TR pH BN A DL S W
S+ A Jm AT A AT Ry Al I R B e T
e MBS 5 Ak, DT 1) B Ak A 8 7 A R
M 1 pH B TS5 5 4 &8 T8 iU S S A DL vE , A
T BB Ak B L A R R R A T A5 5 A A L
AT 3 A O+ pH A $2 m= f +3Eh Z
T KA AR BT Y 6 et
fEHE CdCO, A1 Cd(OH), TLIE A= %, i £ Sk iR
HEEAEAS Cd FRI . Q13 pH FHE B HY & i
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PR A YL R R S AR A A
K QY AR E S C=C.C =0
—OHZ T REMI T 5 Cd** MEA T4 5 8 TS 25 I
7 TR ) A g R 3 A3 gk B T A e
Bt B T N SR AR R 4 S T 7 [ s A W T o
A o el 4 A R [ 4 ol K AR AR & A
B, 1 I R A R B R B D 0 R 4 R Y
VA S [ TEARSE , PR TR AE K R iR N & 4 i
FERE ST AR T e K RE A4 B R i SRR SRm A iF
SRR, FE IR AT A e R O e L AR
LR Z BRI A BN, o] UL A W B e 3 AR
T 5 ) VR ZEAEL ) AR P 1) L5 R 4 PR - 2k
FUFNA 4 S5 e Fop A [R) T S5
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