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Effects of different biochar types on Cd and Zn uptake and accumulation by rice

SHEN Xiaogang"?, ZHANG Afeng", YE Xuezhu®>, CHEN De*', ZHANG Qi*, ZHAO Shouping®, XIAO Wendan®, WU Shaofu’

(1. College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China; 2. Institute of Agro—Product
Safety and Nutrition, Zhejiang Academy of Agricultural Sciences, Key Laboratory of Traceability for Agricultural Products, State Key
Laboratory for Managing Biotic and Chemical Threats to the Quality and Safety of Agro—Products, Ministry of Agriculture and Rural Affairs,
Hangzhou 310021, China; 3. Shaoxing Grain and Oil Crop Technology Extension Center, Shaoxing 312000, China)

Abstract: In order to screen biochars with good stabilizing capacity to soil Cd, a field experiment was performed to evaluate the effects of
addition of different types of biochar, namely maize straw biochar (MSBC), rice straw biochar (RSBC), rice husk biochar (RHBC ), peanut
husk biochar(PHBC), cooking waste biochar(CWBC), and wheat straw biochar(WSBC), into soil on Cd and Zn uptake, translocation and
accumulation in two rice varieties, including the hybrid cultivar ‘Zheyou 18’ (ZY-18) and the conventional cultivar ‘Zhegeng 96’ (ZG—
96). The Cd content of ZY~-18 was significantly higher than that of ZG-96, while the Zn content showed an opposite trend. The Cd/Zn ratio
of ZY—-18 was significantly higher than that of ZG-96. Biochar addition significantly reduced the Cd content of rice grains (29%-56%) in
ZY-18 compared with control (no biochar addition), with the greatest decrease recorded in the RSBC treatment. MSBC and WSBC addition
decreased the Zn content of rice grains in ZY~-18 grains by 18% and 16%, respectively. All biochar treatments, except WSBC, decreased
the Cd/Zn ratio of rice grains by 28%—51% in ZY-18. There was no significant effects of biochar on Cd, Zn contents and the Cd/Zn ratio in
grains of ZG—96. The Cd content of rice grains was significantly correlated with the root—to—shoot translocation factor of Cd (TFsz—Cd),
while the Zn content of rice grains significantly correlated with the shoot—to—grain translocation factor of Zn (TFs—Zn). The TFsz—Cd of
7ZY-18 was 1.8-2.9 times that of ZG-96, while the TF¢s—7Zn of the latter was 1.6—2.3 times that of the former. The TFszx—Cd of ZY—-18
decreased by 33% —40%, but the TFos—Zn of ZG-96 increased by 38% —57% following biochar addition. Soil available Cd and Zn
decreased by respectively 38%—91% and 53% —96%, soil pH increased by 0.4-1.6 units, and soil organic matter content increased by
26% —65% following biochar addition. Moreover, the contents of soil total nitrogen, alkali hydrolysable nitrogen, total phosphorus, and
available phosphorus increased at varying degrees following biochar addition. Overall, the uptake and translocation of Cd and Zn differed
across the cultivars, and their responses to biochar were also different. Biochar application significantly improved soil pH, organic matter
content, and nutrient levels but reduced soil Cd availability, and thereby decreased the uptake and translocation of Cd and the Cd/Zn ratio
of rice grains in ZY—18, with the best effects recorded under the RSBC treatment.

Keywords:rice; cultivar; heavy metal; safe utilization; in—situ remediation; uptake; translocation
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Table 1 Properties of biochar in this study

S8 Property MSBC RSBC PHBC RHBC CWBC WSBC
C/% 73.6 31.3 44.2 60.4 44.5 44.1
H/% 1.6 0.89 2.16 0.92 1.72 1.6
0/% 11.2 13.13 18.06 12.1 13.5 12.4
N/% 0.79 0.36 1.39 0.74 1.85 1.2
S/% 0.075 0.78 0.22 0.36 0.13 0.48
Cd/(mg-kg™") 0.12 0.20 0.16 0.28 0.52 0.09
Zn/(mg-kg™") 232 248 90.9 116 314 78.9
K5y Ash/% 11.8 53.0 33.7 22.1 37.4 323
pH 8.3 12.3 10.8 8.9 10.4 9.9
A ML Organic carbon/(g-kg™) 508 268 363 355 363 440
1B Surface area/(m?-g™) 2.18 17.0 3.36 146.8 15.0 8.96
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Figure 4 Available Cd and Zn concentration in soils
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Table 2 Soil pH , organic matter and nutrient content
Jb3 AL 2R A e ARl
Treatment pH Organic matter/ Total nitrogen/ Available nitrogen/ Total phosphorus/ Available phosphorus/
(g-kg™) (g-kg™) (mg-kg™) (g-kg™) (mg-kg™)

CK 5.45+0.15d 58.6+4.8¢ 2.88+0.20c 283.7+20.2a 0.72+0.04b 4.5+0.9¢
MSBC 5.89+0.18¢ 97.0+9.9a 3.21+0.22a 270.1+5.8ab 0.85+0.08b 6.7+2.7bc
RSBC 7.04+0.23a 74.0+4.4b 2.87+0.06¢ 277.1+8.4ab 1.18+0.11a 15.9+2.5a
PHBC 6.63+0.30b 74.3+10.6b 2.94+0.04bc 275.7+2.5ab 0.78+0.12b 9.9+4.1b
RHBC 5.98+0.27¢ 74.0+3.0b 2.78+0.12¢ 264.4+3.7b 0.75+0.12b 6.1+0.8bc
CWBC 6.12+0.13¢ 74.1+4.4b 3.13+0.06b 275.9+9.6ab 0.90+0.14b 10.1+2.3b
WSBC 5.93+0.25¢ 78.4+12.2b 3.02+0.08b 263.4+7.1b 0.73+0.06b 7.3+2.1be

T2 [RSNGB R AR R 22 53 i 2 (P<0.05) .

Note: Different lowercase letters in the same column mean significant differences between treatments at P<0.05.
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H F) T BEAR KA FERL Y Cd/Zn Fe o T AR AR 25 A
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Table 3 Correlation between Cd and Zn content in various parts of rice , translocation factor, soil available Cd,Zn concentration and

basic properties(correlation coefficient R)

FPRLCd HPAL Zn i

Grain Cd Grain Zn Shoot Cd Root Cd ~ Cd

%M’Cd *EEP Cd TFS/R_ TFr,/s_ %H’Zn *E‘:F‘Zn TFSIR_ TF[)/S_
Cd  Shoot Zn Root Zn  Zn Zn

B cd WA . - N
fime Aﬁfﬁb]“e FHEOH AR AH AW AN
cd In Soil pH  SOM TN TP AP

#Ri Cd Grain Cd 1

FERL Zn Grain Zn ~ -0.59” 1
Cd/Zn 084" -073" 1

ZEMFCd Shoot Cd - 094" -0.56" 079" 1

BACdRoot G 0.607  -0.16 0457 068" 1
TFu—Cd 089" -0.67° 078" 092" 038 1
TFos—Cd -030 018 -024 -0.53" -0.53" -046" 1

ZEMZn Shoot Zn -~ 0.86”  -0.63 073" 080" 0497 078" -0.34"

WA ZnRootZn 073" -0.65" 074" 0.64" 036" 065" -0.11 0.62"
TFx—7n 005 0075 -0.091 0097 0.12 0067 -028 0.33
TFys—7n -0.78" 0.84 -0.75" -0.74" -040" -0.79" 035" -0.92"

AR Cd Available Cd - 037 -0.07 022 0427 040" 030 -032° 034
A% Zn Available Zn 038" -0.08 020 040" 036" 031 -028 0.2

HHpH Soil pH  -0.34"  0.049 -0.22 -0.40" -0.39° -030 036 -0.32"
A B SOM -0.16 -0.050 0.011 -0.10 -0.09 -0.066 -0.11 -0.17
2R TN -0.04 0.036 -0.025 0.038 -0.06 0087 -0.24 0.006
A0 TP -0.17 0041 -0.18 -021 -029 =-0.10 0.19 =031
HRWE AP -024 0.0 -025 -0.28 -0.36" -0.13 0.7 -0.27

-0517 1

-0.66" -0.24 1

0.004 037 -0.26 1

0.085 025 -025 0.96" 1

0.026 -0.36" 024 -0.94" -0.85" 1

-0.10 -0.075 0.11  -030 -0.38  0.22 1

-0.31 035 0.034 -012 -026 -0.037 0.64" 1

0.10 -043" 023 -0.63" -049" 071" 030 010 1
0.054 -035" 021 -0.82" -0.69" 0.847 0.12 0.045 086" 1

T 2 7E 0.01 F10.05 K- (CRUI ) | 5 254 5

Note: ** and * indicate significant correlation at 0.01 and 0.05 levels(bilaterals) , respectively.
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