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Effects of biochar application and water management coupling on cadmium transfer and accumulation in
late—season rice

WANG Yi'"?,WANG Bo-ran'?, ZHOU Wen—tao'’, ZHU Zhi—juan'?, LIU Li'?, ZHU Bo—wen"?, FU Zhi—qiang"*"

(1.College of Agriculture, Hunan Agricultural University, Changsha 410128, China; 2. Scientific Observation and Experiment Station of
Crop Cultivation in Central China, Ministry of Agriculture and Rural Areas, Changsha 410128, China)

Abstract: In the present study, rice fields with moderate cadmium pollution were selected and the late-tice variety ‘H You 518’ was used
as test material to explore the effects of biochar and water management coupling on soil pH and cadmium absorption. Cadmium migration
and accumulation in late rice were studied through field split-plot experiments. Four water management methods, namely pre—dry and
post=flood (W1), pre—flood and post—dry (W2), long—term flood (W3), and conventional water management (W4), were the main treat-
ments, and biochar with four gradients (C1-5 t-hm™, C2-7.5 t-hm™, C3-10 t-hm™, and C4-0 t-hm™) was used as the secondary treat-
ments. The results showed that the pH values of all 16 treatments increased with 0.65~1.37 units, and the increase in W3-C3 was the larg-
est, reaching 1.37 units. In each treatment, W3—C3 had the greatest effect on reducing the cadmium content in brown rice : Compared with
the control (W4—C4), the cadmium content in brown rice was reduced by 59.10%, with a content of 0.18 mg-kg™. In the same main treat-
ment, the cadmium content in each organ showed a decreasing trend with increased carbon application. Each treatment could reduce the

transport capacity of cadmium between rice organs. Compared with the control, the treatments with the largest decrease in the transport coef-
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ficient of cadmium absorbed by rice from root to brown rice and from stem and leaf to brown rice were W3-C3 and W3-C2, with decreases of

38.48% and 27.03%, respectively. After treatment, cadmium accumulation in brown rice decreased significantly, and the lowest accumula-

tion was recorded for W3-C3, with a decrease of 53.44% compared with that of the control. In summary, the coupling of long—term flooding

and biochar could effectively inhibit the absorption, migration, and accumulation of cadmium in late rice. Under long—term flooding, the ef-

fect of reducing cadmium was most obvious when the biochar application amount was 10 t-hm™.

Keywords: rice; water management; biochar; cadmium content in brown rice; transport coefficient
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Z st % Z
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+H Z Z
2f . .
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Ir % Z %
0 % Z %
W1 w2 W3 w4
Kb 3 Treatments

AT R [l — K A BRARECTT AN [l e Ak 1 v 22 S5 W %
(W2 ELLHL, COy I ARHE, P<0.05)
Different letters indicate the significant difference between different
carbon application treatments under the same water management mode
(W is the main treatment, C is the secondary treatment, P<0.05)

B 1 EEKSEEEX T AR R EX L pH B9
Figure 1 Effects of different carbon application rates on soil pH

under the same water management model

IRV F 2 R R B R E AR A W e (R
AR CA) A DL R, WA AR B4R & s, W3 i
AL, 5 CK(W4-CAH M L, W1 . W2 W3 55 2435
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THOLT , 254 i I A AL B Ry W3-C3, Hi
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it FHAE W I 50 R R B i R 1 o W4,
W3 & K, 5 CK X, W1 W2 W3 4351 B I
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TRk SR AR A AL B W3-C3, A BT
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®1 EHREDPAIFEE(mg-kg')

Table 1 Cadmium content in various parts during maturity

FR2 KBEKESEAABRREE (ng-m?)

Table 2 Cadmium accumulation in various parts of rice at

(mg-keg™) maturity stage(mg-m™)
b R EX UIEN Jb 3R R Ey iiP/S

Treatments Root Stem and leaves Brown rice Treatments Root Stem and leaves  Brown rice
Wi Cl 3.56+0.43a 1.29+0.14a 0.28+0.08b Wi c1 0.6620.09h 2.09+0.48a 0.39+0.07b
c2 2.44+0.35h 1.06+0.08b 0.23+0.07¢ c2 0.52+0.08¢ 1.72+0.55ab  0.4320.03b

c3 3.35+0.23a 0.93+0.04b 0.24+0.10bc c3 0.7120.05b 1.3420.19h 0.40+0.05h

C4 3.60+0.32a 1.46+0.12a 0.36+0.12a C4 0.95+0.08a 1.9420.13a 0.58+0.02a

w2 C1 3.26+0.44a 1.4120.02b 0.42+0.21a w2 Cl 0.92+0.12a 2.24+0.30b 0.59+0.10a
c2 2.52+0.13b 1.68+0.42a 0.38+0.05ab c2 0.57+0.01c 2.31%0.51ab  0.6120.09a

c3 2.17+0.10b 1.1620.34¢ 0.3320.04b c3 0.43+0.01d 2.09+0.36h 0.49+0.07b

c4 3.1240.13a 1.5120.12ab  0.41%0.13a C4 0.75+0.03b 2.88+0.26a 0.63+0.09a

W3 Cl 2.12+0.06h 1.0220.11a 0.2620.11a w3 Cl1 0.47+0.01c 1.1820.21a 0.47£0.02a
c2 2.85+0.71a 1.1020.10a 0.2120.05h c2 0.64+0.16ab 1.78+0.58a 0.28+0.06h

c3 2.81+0.07a 0.90+0.09a 0.18+0.06h C3 0.55+0.01bc 1.1620.15a 0.27+0.02b

C4 2.97+0.17a 1.0620.07a 0.27%0.15a C4 0.72+0.02a 1.58+0.01a 0.48+0.05a

w4 c1 3.78+0.45a 1.5320.04b 0.24+0.12b W4 Cl1 1.03+0.12a 2.51%0.17ab  0.45+0.05b
c2 3.040.27b 1.5920.05b 0.3620.14b c2 0.68+0.06b 1.91+0.07b  0.56+0.04ab
C3 2.54+0.11b 1.22+0.19b 0.35+0.08b C3 0.73+0.01b 2.23+1.10ab  0.47+0.05ab

C4 4.13+0.22a 1.8620.17a 0.44+0.10a C4 0.98+0.09a 2.99+0.05a 0.58+0.07a

KA L 15.60%% 28.65%* 199.98: K B 31.10%% 92,027 219.73%*

W ¢ 13.90%% 12,98+ 8.23%% W 29.49% 4.54% 9.66%*
IR + A 6.30% 1.94 4.59%% KATE L + A=W 9.60%* 1.30 3.67%%

T A Rk F [l — K 43 A8 S S [ i e b 38R ) 2 e . 35
(P<0.05) . *7E 0.05 /K- 1 B35 A 3¢ 5 7 0.01 7K L AR I A 2
NG

Note: different letters indicate the significant difference between
different carbon application treatments under the same water management
mode (P<0.05). *Significant correlation at the 0.05 level; ** Significant
correlation at the 0.01 level. The same below.
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53.44%,
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i A X TF o 38 B T M0 2 7K P, X TF s
TF sorsns 5% WA 225 0 FH 3R TF s W EE 7T LU
W FERE A R TEOL T, TF s B EUE R W2>
W4>W1>W3, 7t A P B OL T, 4 Bl K 8 =K
rh 25 Ak B R 25 S AR A SIS B KO FR s R R
AR B O W2 - C2, f AR B9 9 W1-C3. &
TF e P H1, FE At FH A= W0 < BB R, TF s FH (55
FMEAR K A W2>WaASW I>W3, 78 it FH A= 90 0% 1)1 1L
T, e im Z R AR PR W2-C2, F A A Ak B R
W3-C3, R TF soreen 7] LLE Y, 7E At H AE ) ¢
B DL T, TF s B R BRI O W3>W1>W2>
Wa, TE A R TEOLT , &2 5 K2 2R
T E KT s R R AR W2-C3, /M b
A W3-C2,
25 fERmAEESHEXERENXR

FH 2% 4RI AT, KRS BB RE K i 0 O i 55 1 e
pH 2 B AR, R ARW T E TF st %
TEASE R R, HA S R 0001 -0.52.0.56.,0.70 ; &
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B REOKRE L BB TF s TF poopror 2 2 25 1 A R
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0.94, FH UL AT, BEFE AR 28 DA B ZE 50 4 25 i SRR
SN REK B4R T S RE KR T i 3
F P RE AR T A AT AR 5 1 (] s 6 %o i o
B AT 5 18 72 s B R (52

3 g

13 pH RS L R R AR S AR A K
PR 2R R Z — RS SRR AE T i - 3 b 14
R O — i I R — LR, TS W) L R R AR
ROE, RHEpH S 4.5~7 285, A KIS R S i S
pH 5 2 FAAHSC , 2 pH oy 4 6, 5 B33 1 5 50%,
pH g 7.5 IRPRRAR MV H00200, iz Ja] S5 8 22
W S B, 3 H FH AP 6 5 o5 A pHL 5 A
KRFR, R A pHBRAR , B0 105 P i, B ) WA )
MR WAL, s A B 5 S B g, X S A IR A R — 2 i
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®3 KBEKESIUNEERY
Table 3 Transfer coefficients of various parts of rice at

maturity stage

=4 BABEESHMTEZ BAMEXE
Table 4 Correlation between brown rice cadmium content and

other variables

Bt LEBE% 14

Variables Correlation coefficient
+ 4 pH Soil pH -0.52%
M & Root Cd content 0.56*
ZEMHA 5 Stem and leaves Cd content 0.971%*
R LR A Root Cd accumulation 0.897%*
ZEHRFL R4 Stem and leaves Cd accumulation 0.91%**
B K HAFL R Brown rice Cd accumulation 0.76%*
TF 201 TF stem and teavesritoot 0.70%*
TF sttt TF Brown ricermont 0.95%
TF szt TF brown rcerstem and teaves 0.94%*

Ab TF i TF st
Treatments TF Stem and teaves/oot TF Brown sice/Root Stem
Wi cl 40.14+3.38a  8.92+#2.73ab  22.21+6.25a
c2 43.81+3.11a  9.38+0.74ab  21.3920.32a
C3 27.8123.02b 7.10£0.40b 25.83+4.28a
C4 40.66+4.10a  10.08+1.17a  24.79+2.68a
w2 cl 43.68+5.28b  13.19£3.96bc  29.75+5.39ab
2 66.44+16.04a  17.73£2.36a  27.72+7.79ab
C3 53.07+14.73b  15.2122.53ab  31.22+14.0a
C4 48.66+5.72b  11.43+1.50c  23.72+4.21b
w3 Cl 48.19+1.77a 12.29+0.80a  25.49+0.73a
€2 40.91+14.46ab  7.18+3.17b 17.14+2.63b
C3 31.65+2.46h 6.81£0.62b  21.71+3.68ab
C4 35.59+2.97ab  9.99+1.20ab  28.08+2.26a
W4 Cl 40.97+5.95a 7.27+1.28b 17.78+2.11b
2 523122.92a  11.112¢0.77a  21.25+1.24ab
C3 51.12+7.83a  13.76£1.25a  27.09+1.89a
C4 47.01+6.77a  11.07£1.86ab  23.49+0.62ab
K4S 19.87%%* 48.88%* 3.35%
HEW 3.40% 0.49 2.10
R E R + A= 2.09 5.21% 1.80

PHASE R A b 2 Ak PEAY 25 53 B35 (1), X n] RE =
P A e SOt b A A B B B SR ES  HAE
figt 1oL R R e Al 4 IR A AR L A A Bk R £
S i ) A S P S 23 R A R, DA i
S pH B =Y, I AEAE T AE By s AR D0 T, W 7K 3 A
e A ML DR A8 0 A A A LR, T S 28 pH 72
BN, FER B LE Y BRI L, B R T
JK A B A 3 AL BT 3% pH BT BT A
AN BESR T, Al BEE T 2 B ARG , B AR
IR PR K 58 - AR B IR R At 1, H R I LA
L HEBHIK T & S5

TN S B AL X A I Wi R 3R A5 s S e R K
HER A SCHE . BRAE KR IR s e — i M E
R AR KRR AR M R R SRR R
FAEINER SO IR - 0E Z N S Py s i Bu oy
AT ST T A W) B K o4 B REOR R AR R 10
CAIREE S TR Ifa S 7/B ES B v S B2 ) Z SR
AR AR S8 P 80 1) A A 2 AR RO A 5 i, >
BEKRFRAR R, X AR — . XTREE N
W pe B 5 ZFLARRI AR L K 8 B 5 R 0 I Ff e
ALAST e Ll Ry e ity A RV TR NTT] S A e
HRR Y A A R D A R i SRR
Iy, W H it A L FR L R LS T KR 5 e B A X
AR NI A RLAR & 5 TR A I K RES I
R S S A IR 57, AT o - 3 Pl DS B B
S5 PH BRI AR B B S i, M AR IR pH B
TR T 380 D 28 FH B 155 5 8 1 1) 3 4 IR L B ik
JEAS B S T SLTTEAE I, AT A S R AR ) 2R )
A RLIER, A o WIS R B, B it A i Y Y
T, B K 5 S B AR AR X S AR IR A SR A
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— 5. I, 2B X HAS it F A= 9 st 4 oK a4
FRAR QLA K B K 4045 PRAR X AN [ it e 2t Ak B
R (R D), A —IK B T i 2 i b FR
K K REOK B R K o BT R
38.64% , 7 F FK /3 & H v A5 AR 1) e )5 1) 17
BT, B — A W) 1 A 3T AR B A K A it P 4 5
t-hm™, A F 0 OB K50 3 5 T B 45.45% , 4 W 33
B — b P I A 3 P R MR R R I AL P LA LR
WA 5 43 9821 20.46% . 13.65% . FH AT 401, &4 4k
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2 [B] Y FL A O, 0 K T R i 52 /N 24 W e Ak
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IKRE M - R B N DL, 4
[i) XoF 46 P 2 32 1 7 5 559 2 RE IR ARG OK R AR 1 T A R
R Z—. i B[R A 3T KA 45 2 B ] % i
RE 2R R Gl K8 IS YR FR A ALY
IKRE A4 B E) 5 328 B 7 500k A S50t Bk 553 114 s 4
(%3), LA R 51 SR s R — 8 Sz e
FI S AR R ZEN S5 [ K R R R Y 5 i
Wb (H VAT Sk §5 12 B8 AR Ak JC B B A
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i e N SER Y S N TR S EOL R ipu Ny S R
3 3 /0 7K R DA - 48 rp R IR 174 SR R M K A

BRI S E S R RER,
4 it
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o BRA AR B R K A W) B S R KA R I
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