2019,38(3): 696-706 xR W F OB R F F R 201943 H

Journal of Agro-Environment Science

X, RVBERT, SROEHE, 25 FET G T e PO 3 B A Bse it FH 49 7 5 T R DR RICR . A BRI A7 2741, 2019, 38(3) : 696-706.
LIU Cheng, LIU Xiao—yu, ZHANG Xu-hui, et al. Evaluating the effects of biochar amendment on crop yield and soil carbon sequestration and greenhouse gas

emission using meta—analysis[J]. Journal of Agro—Environment Science, 2019, 38(3): 696-706.

ETFEESSAFEMBEEY RRERR
1= 5 E frp HE R R

X ke, XA, RIeAE, =T, AR

(FA A A Al B 5 A SR 9T I, T 2L 210095)

 OE AT R R ST R, 18 A 0T 7 (Meta—analysis ) BIFFE A2 49 5 it P Xot % 1 4 1 400 77 e R 4 9 T ik
W I EE o SRR A W BT it T S S AR T VR R R R D 15.1% , b BARVE - BT 16.4% , K I 7
10.4%. 250 1 3EFNAE W 0T 1 4 oA B R BAG R PE 55 P R 48 3y 2 2 5 e A= W S it FH 1 A 384 77 W B o - S PR 3 A o
bR 5 M 498 7 0 R ) S DA R R R it P A ) B A R R T R T v R 3 5 G RN bt AR
DA R S = T L o AW B A kB Y A TR XA A SR, 2k AR = T 550 CH L VERE AN
W2 AT it 0 RIS T A - 3 AUk I 2L (NLO ) HE B I ANV FH R e (CHLO HEBICER: , - 3 AR R 282 43 314 13.6% 1 15.2% .
L R T b 8 2 5 ) NSO Bl WG B 5 A 4 JB A Pt R - b g DRI B 2 v TR L T E R R 1 NSO
CHERCR AN S 2 5 AN ) o b 3 v N0 A S HE SR e IO HE 4> 00 + >3 4 8 9 HF i 34 33.9% . ZUIE it T 4 &5 F 150 kg - hm™
I, N2O JRHERCR B2 o et 3380 1T A W S5 ¢ NoO Sl HFSCR 00 T 54t o 39 o by RV il 8 8 255 532 W R FH CHL I BIOXE A ) B o
TR 7, SR 2 e b A - 8 e it P A 400 S5 J5¢ CHL DBCHIEARACR W 8, Bl Wit 82 53 1) Ry 46.19% H125.9% . & 14 FH v i JFFI A6 490 o e
A T3k B3 7 R B HE RO o A JE A W e 1) A Rt JFT I A0 516 6 30 it T SR 1 80 vk sl b v S N i 2 1y 13 v e 5
VEPEPAEA H 5 2 W00 e i) 85 oF LA e AT B2 425 i 46 550 “CRAF &

KGR AW T B G O3B s AE T o 5 TR AU s )i

hESHESS156.2  XEFEED:A XEHS:1672-2043(2019)03-0696-11  doi:10.11654/jaes.2018-0490

Evaluating the effects of biochar amendment on crop yield and soil carbon sequestration and greenhouse gas
emission using meta—analysis

LIU Cheng, LIU Xiao—yu', ZHANG Xu—hui, LI Lian—qing, PAN Gen—xing

(Institute of Resources, Ecological and Environment of Agricultural, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: In this study, a meta—analysis was conducted to investigate the effect of biochar amendment on crop yield, soil carbon sequestra-
tion and greenhouse gas mitigation potential. The dataset was derived from field studies conducted in mainland China. The papers were
published in either Chinese or English. This study showed that biochar soil amendment significantly increased crop yield by increased crop
yield by 15.1% on average, whereas rice yield was increased by 10.4% and the grain yield of dry land crops was increased by an average of
16.4%. The changes in grain yield following biochar amendment were influenced by soil and biochar properties as well as soil management
practices. With regards to experimental soils acidity and texture were important factors influencing the response of crop yield to biochar

amendment. Substantially greater yield increases were observed in soil with very low pH and clayey and sandy texture. In addition to soil
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properties, biochar properties also influenced the response of crop yield to biochar amendment. No yield increases were observed when agri-

cultural soils were amended with biochar produced at a high temperature (>550 °C ). Biochar amendment decreased nitrous oxide (N,O)
emission by 13.6% in dry crop land and decreased methane (CH.) emission from paddy soil by 15.2%. Soil acidity and texture were found
to be important factors that regulate the response of N,O emission to biochar amendment. In strongly acid soils, the addition of biochar had
no effect on N,O emission, whereas in neutral or alkaline soils, biochar significantly decreased N,O emission. In terms of soil texture, the di-
minishing effects of biochar were in the order of loam > sand > clay. In loamy soils, biochar amendment decreased N,O emission by 33.9%.
Nitrous oxide emission decreased significantly in soils amended with biochar under a nitrogen fertilizer application rate higher than 150 kg-
hm™. In rice paddies, biochar amendment decreased N,O emission by 24.4%, which was significantly higher than the value in dry cropland
soils. Soil texture and pH significantly affected the response of CH4 emission to biochar amendment. In strongly acidic or sandy soils, bio-
char amendment markedly decreased the emission of CH.. In soils with a sandy texture, biochar decreased CH4 emission by 25.9%. In con-
clusion, our study shows that biochar soil amendment can increase crop yield and decrease greenhouse gas emissions in China’s croplands.
In the future, we suggest that it will be preferable to apply biochar to soils with lower fertility, such as acidic, clayey, or sandy soils, and to

dry crop land rather than paddy soils. Furthermore, biochar produced at a pyrolyzing temperature lower than 550 °C would be more suitable

for the amendment of agricultural soils.

Keywords: biochar; meta—analysis; crop yield; greenhouse gas; field experiment
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Table 2 The effects of biochar amendment on soil properties
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Figure 1 The effects of the basic soil physical and chemical

properties on the yield response to biochar addition
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Figure 2 The effects of biochar basic properties , feedstock types

and pyrolyzing temperature on crop yield
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Figure 3 The effects of water management , nitrogen fertilizer

application rate and biochar amendment rate on crop yield
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Table 3 The effects of soil and biochar properties and field

management on the change of N,O emission
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Figure 4 The effect of biochar amendment on N,O and CH,
emission and GWP
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Table 4 The effects of soil and biochar properties and field

management on the change of CH, emission
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Table 5 The effects of soil physicochemical properties , biochar

and field management on the change of GWP

TitH FHE R/ % 95% EAGIXI FEAE
+4EpH <6.5 -6.73 -11.31~-1.92 47
6.5~7.5 -18.93 -22.94~-14.72 53
>7.5 -28.45 -32.62~-24.02 32
T HEG PR/ <5 -21.84 -29.84~-12.92 16
gkg” 5~10 -23.68 -30.12~16.64 23
10~20 -17.90 -21.72~-13.69 81
>20 2.23 -9.63~15.04 13
B b+ -26.67 -34.82~-17.49 30
Bt -23.97 -32.82~-13.89 27
#t -4.67 -16.06~8.26 24
+HECN <9 -17.34 -25.15~-8.72 21
9~12 -20.18 ~23.59~-16.62 88
>12 -2.39 -10.80~6.81 21
AW R pH <9 -22.09 -26.51~—17.40 44
9~10 -17.88 -22.06~-13.46 43
>10 -7.93 -12.34~-3.29 48
W <70 -33.28 -39.21~-26.78 21
CN 70~90 -9.82 ~14.09~-5.35 59
90~110 -20.22 -24.79~-15.37 48
>110 -13.02 -22.99~-1.75 11
VIR 0~10 -12.93 -17.56~-8.03 48
fEAhm™ 10~20 -20.53 -24.82~-16.00 45
20~40 -18.82 -23.91~-13.39 33
>40 -10.06 -20.02~1.14 11
U FH o/ 0 14.95 5.52~25.22 13
kgshm™ o 150 2683 -31.63--21.68 20
150~250 -18.01 -20.97~-14.94 78
>250 -16.89 -2221~-11.21 23
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Figure 5 The persistence effects of biochar amendment on crop
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