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Interaction effects of Miscanthus lutarioriparius—derived biochar and cadmium passivators on rice cadmium
content and yield

LIAO Xiong—hui', LONG Qin', WANG Hui—qun'?, YI Zi-1i'?, XUE Shuai'*"

( 1.College of Bioscience & Biotechnology, Hunan Agricultural University, Changsha 410128, China; 2. Hunan Engineering Laboratory of
Miscanthus Ecological Applications, Changsha 410128, China)

Abstract: This study was designed to explore the interaction effects of Miscanthus lutarioriparius—derived biochar with five cadmium (Cd)
passivators on rice Cd content and yield. Based on the results, it was expected to determine their optimum application rates and develop a M.
lutarioriparius biochar—based soil conditioner. The 1.25(5°) orthogonal test was firstly used to determine the experimental treatments and
then 25 treatments with three replications were conducted in a pot trial. Results showed that the interaction of the six tested factors could
both reduce the Cd content of rice plants and grains, and improve the rice yield significantly (P<0.05). The optimum interaction ratio of M.
lutarioriparius—derived biochar: humid acid : potassium silicate : calcium magnesium phosphate : zinc sulfate : slaked lime was 200:60:3:30:
4:120; therefore, the recommended application rate of the M. lutarioriparius soil conditioner was 6.25 t-hm™. Three experimental treatments, whose
compositions were close to the above optimum interaction ratio, were used to determine the application effect of M. lutarioriparius soil condi-

tioner on rice yield. Results showed that application of the three tested treatments could decrease the Cd content of rice plants to 0.88 ~ 1.65
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mg-kg ' with a Cd reduction potential of 54.4% ~ 75.7%, and of rice grains with husk to 0.13 ~ 0.17 mg-kg ™' with a Cd reduction potential of

45.2% ~ 58.1%. Additionally, applications of all three treatments could increase the rice grain yields with the highest potential of 1.89 t-

hm™(i.e., increasing rate of 34.8%). These results proved that the M. lutarioriparius biochar—based soil conditioner could decrease the rice

Cd content and enhance the rice yield simultaneously, indicating a huge market potential.

Keywords: Miscanthus lutarioriparius biochar; soil conditioner; cadmium passivator; cadmium reduction potential
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Table 1 The orthogonal test designing table of interaction of Miscanthus lutarioriparius derived biochar based soil amendment

and cadmium passivatios(g-pot™)

wa o BHR P FERR e Wi IR
Treatments Léwm}ms, lutarioriparius Humid acid Potassium silicate Calcium magnesium Zinc sulfate Slaked lime
biochar phosphate
Tl 30(1) 0(1) 0(1) 0(1) 0(1) 0(1)
iV 30(1) 9(2) 0.9(2) 9(2) 0.3(2) 9(2)
T3 30(1) 18(3) 1.8(3) 18(3) 0.6(3) 18(3)
T4 30(1) 27(4) 2.7(4) 27(4) 0.9(4) 27(4)
T5 30(1) 36(5) 3.6(5) 36(5) 1.2(5) 36(5)
T6 60(2) 0(1) 0.9(2) 18(3) 0.9(4) 36(5)
T7 60(2) 9(2) 1.8(3) 27(4) 1.2(5) 0(1)
T8 60(2) 18(3) 2.7(4) 36(5) o(1) 9(2)
T9 60(2) 27(4) 3.6(5) 0(1) 0.3(2) 18(3)
T10 60(2) 36(5) 0(1) 9(2) 0.6(3) 27(4)
T11 90(3) 0(1) 1.8(3) 36(5) 0.3(2) 27(4)
T12 90(3) 9(2) 2.7(4) o(1) 0.6(3) 36(5)
T13 90(3) 18(3) 3.6(5) 9(2) 0.9(4) 0(1)
T14 90(3) 27(4) 0(1) 18(3) 1.2(5) 9(2)
Ti5 90(3) 36(5) 0.9(2) 27(4) 0(1) 18(3)
T16 120(4) 0(1) 2.7(4) 9(2) 1.2(5) 18(3)
T17 120(4) 9(2) 3.6(5) 18(3) 0(1) 27(4)
T8 120(4) 18(3) 0(1) 27(4) 0.3(2) 36(5)
T19 120(4) 27(4) 0.9(2) 36(5) 0.6(3) o(1)
T20 120(4) 36(5) 1.8(3) 0(1) 0.9(4) 9(2)
T21 150(5) 0(1) 3.6(5) 27(4) 0.6(3) 9(2)
T22 150(5) 9(2) 0(1) 36(5) 0.9(4) 18(3)
T23 150(5) 18(3) 0.9(2) o(1) 1.2(5) 27(4)
T24 150(5) 27(4) 1.8(3) 9(2) 0(1) 36(5)
125 150(5) 36(5) 2.7(4) 18(3) 0.3(2) o(1)

HE: OPVECT 1~ 5 AR AR R BT A X R o

Note: Number 1 to 5 in brackets indicates the corresponding addition levels of test factors application rates.
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Table 2 Interaction effects of Miscanthus lutarioriparius derived biochar, cadmium passivators on

the cadmium content of rice plants(mg-kg™)

S A Factors
i Rgks L L T WS WK
Miscanthus lutarioriparius biochar ~ Humid acid Potassium silicate ~ Calcium magnesium phosphate Zinc sulfate Slaked lime
1 2.72B 3.52A 3.40A 2.58BC 2.89BC 2.61B
2 1.38C 3.41A 1.98C 2.14C 2.40C 3.55A
3 2.83B 1.41C 2.57B 2.95AB 3.47A 3.21A
4 2.66B 2.87B 2.75B 3.33A 3.22AB 2.44B
5 4.12A 2.50B 3.01AB 2.72B 1.76D 1.90C

TE Rk S AR EAL RS AP AR R A TSN ek W3R 15 P38 (n=9) J5 1 [l — 1) LA [) R 5 - REFROR BB ) 22 57 1.2 (P<0.01) . Rl

Note: Number 1 to 5 in the first column represents the application levels of each factor with detail application rates shown in Table 1. Different capital

letters(n=9) in the same column indicate significant differences at 1%. The same below.
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Table 3 Interaction effects of Miscanthus lutarioriparius derived biochar, cadmium passivators on

the cadmium content of rice grains(mg-kg™")

# Factors

o s e R T W K
Miscanthus lutarioriparius biochar Humid acid Potassium silicate  Calcium magnesium phosphate  Zinc sulfate  Slaked lime

1 0.26B 0.40A 0.28B 0.22C 0.28B 0.24B

2 0.20C 0.32B 0.25CD 0.24C 0.28B 0.25B

3 0.32A 0.20D 0.34A 0.30A 0.26B 0.31A

4 0.25B 0.25C 0.23D 0.27B 0.32A 0.32A

5 0.32A 0.19D 0.26BC 0.32A 0.22C 0.14C
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# 2 1 22 1Y Si—Cd FEPTHE, J3 SME AR PR IS
S R R A L %) e R AR T D ) 44 i
M F P, K F U  AKORE A PR A A R R o Rk
SEPONIE S A R LA IR AL 200 B R 0 43 A, B0 e e 2
JiRE R R D R AR AL A TR A U . BRER BT Y
BES A AR AZ S L FA LR 2P T, AR
YA e SRt RG], P A AR B U e
e VR FHR 22, DRI 3 e T I R e -
FR R T AR AE e G B S e A
RN I S 5B, A0  BRIR AR B I8 v LU S
BB 45 G K CdSOs, BRI CdSO. AT A J5 Bl AN 75
(1 CdS, FEAR T H3E R B TG B . S EEREIE —
T A PR B - R B TR B A , 1 R A R A

4 AR + RS KRS R (neke )
Table 4 Cadmium content of rice plants and grains after the
application of Miscanthus lutarioriparius derived biochar based

soil conditioner(mg-kg™)

g E R KRR &

- Cadmium content of rice Cadmium content

Treatments - .

plants of rice grains
T8 0.88+0.32¢ 0.13+0.03¢
T9 1.65+0.34h 0.17+0.01b
T10 1.60+0.10b 0.16+0.05b
CK 3.62+0.10a 0.31+0.09a

T8 T FIT10 [ R K B MR BL AL A A WA 1, CK o ZE 1
Xof B s S48 88 (n=9) J5 14 [)— 31 YA ] /N < B /s B {0 28 S b 3
(P<0.05). T,

Note: The composition of the soil conditioner of T8, T9 and T10 are
shown in Table 1. CK represents the control group without application of
the Miscanthus lutarioriparius derived biochar—based soil conditioner. Dif-
ferent lowercase letters (n=9) in the same column indicate significant dif-

ferences at 5%. The same below.

®5 TRXEEEHRE T FERENER RN KEFES~EMHE TR

Table 5 Effects of the application of Miscanthus lutarioriparius derived biochar based soil conditioner on

the rice yield and yield component factors

P R F Yield component factors

Jb B

Treatments KK W% R 5% R T g
Tiller number Spike rate Grain number per spike  Seed setting rate 100-seed weight Harvested grain yield
T8 44.0c 77.3¢ 180.6a 71.1c 2.92ab 109.7¢
T9 45.0c 100.0a 176.0b 88.0a 3.20a 146.2a
T10 51.0b 100.0a 145.0¢ 86.4b 2.64b 134.6b
CK 59.3a 95.0b 139.2d 85.9b 2.08¢ 108.4¢
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(53) BERE ST 5 55— T H P 1 e 28 ] A (AR F5 1
BT A 7 (B R R L TE , BRI AR 1Y AR W A AL
PR, BE AT DL R BR 096 A 1 TR R 0
PER20 TR G Ca AT R 1ot E B R A Cd>
S, i AE Y HE B RSN, SRR Y F B R AR
ARG 25 S FR B, R TR B 114 it o X /K R 25 4 1
VR %52 Wi T30 S 5 N Bl AT R At o o) A R 2R
0 i AL P 52 T A 25 (L 3 o e e o 1
MRAYSEM A B2 . TO T10 560 2H £ 28 M- FokEhE 1 55
SRR T TS IR IR A, X A T AE R /B B AT A
P TR B e T ) B 4 A R B PR T s B
32 AR EARERBHEAF ERFEIEXTKTE
FEEMRE TR

T 3K A5 55 AN [) 2 0 A Al A 0) A o) KRR 7 A
SR T2 825 . B AR A — R R A e R
AT DA i AT WL, R R0 R A i
HE W ORI FH 78 37 00 RS2 R B Tk e p g
SSRGS AR, DA o s R A
BRI BOERY T R BR B T LA R K RS S A
MR, VAT B TR S ARARHR BEVE A R A %
TR RERR R R B AR N I Cat KR
P s BN, R HE KRG AR K, I = i, A
TR 25 L2 W, Jiti i TO F1 T10 B 3k e 1 B4R + 433
P {4 Ak P 2L KRR B R 2 SR ey A R T
T CK AL, Horb T A B 2H 4% 100 7 4t A8 B PR 1 J5e A o
X 5547 55 ACEE P WF 5 45 S0, ARt AR AR IE i TR At
AT B R KR 7 o, kIR A R KRR A A BE
B R BORURF R TR H TS - 3R B ) Ak B
2 1 45 52 %A% T T9 FIT10 Ab B, A5 AT BE 2 B/ i g
BERE U . UMY DR LR AR
AR EEAEH, BB T R B SR KRR A
KA, JE MR 25 50,

PSR UNTITI=INCE 79/ re 3 sk 3 B 57| N ViR 2 S
KA i, AT DL S R KA A . 4R
1M, 7 Bk AR AN ) W e, 78 5 st [i) AT EL AT T 3680
3N Al Ak R e — R s I P T DL RS & 4 A
e R AR T, S 3R Ao T TR SR A R B
K STt o T 7 A A R B RO IR S B . S Ahad 2R
e I3 it FH 25 300 5 o Tk 39 i (LT 0 R AR AL
NN AR R IERE J7 o BRI b R Ak S £
VR R ) 5 22t 0 FH 2 T e T 0D B[] B Ak
FtiN . FET I, JE ST BT R kR 3 - R P
TE it N+ AR it b A S 5T, DU A SE B A

RUFRE RIS R AERVETTY-x
H AT AT
4 #ie

(1) gk o 5 4% 2870 1) a e AL 790 B A X A K
ZE IR i 5 AT W B TR, ELAR TR E B A4
BEAL R B FTE RE A AE AR R 22 5 o ko X
AR KR ZE I B D552 W i 0, AT %o R A K
FEAT LR o o A S ) i o /KRR ZE 4 7 1 1 1
IR O i I R VR T . TE B Dk
i R 0 B T, S A TR 1o A 349 2 i o i AL
o T KR B S T ) R v AR R Y 5
TR KT T B R B B R B 2 B BUK A P
k.

(2) 7 2K w¢ ik 4 598 8 390 35 HE 77 it JT] & Ol 6.25
t-hm™, H A S 3.00 t-hm SB%E4LF) 3.25 t-hm™,
BB S o FL B A < AR R - R IR A - B R AR
FREY - A7 JK=60:3:30:4:120,
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