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Table 1 Basic chemical and physical properties of tested soil and biochar

e SR EER /IR 4 2R e Xl - P FacHieE RIEH Koy
o Total C Organic C Total N Total P Total K P CEC Surface area Ash content
Type . . . . . (1:25H,0) . .

(gkg™) (gkg™) (gke™) (gkg') (gkg!) (emol kg™) (m°g™") (%)

467.0 — 5.6 — 9.4 24.1 8.9 20.8
Biochar
+ 4
— 14.7 1.32 0.36 5.7 31.2 — —

Soil
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MR Y b5 R AT T ()4 2L, e e IR VK —
w5 T — 42 K TR e T i R T — AR i v
TIKER, 42 EMEIRH T N TR . 453K
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P — YK P it FH B B N RN S AL B N e, A
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JIES R VR G TS it FH o 7K R 2 it FH A 0 o 1A i 6 DX
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A= ) e AR DX e 1 R X TR A — I SR AR AR AR
Z, INET20124E11 200 &R/, 20134E6 H 41
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1.3 #HEEESNE

AR it R P T 5 5 A U0 I o £ 0 [ 20 T e
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UK EE 50 emE 110 emo SRAEEF M
By TEACELEE SRR 14 S AR 76 X0 T G B b s 2R
A2, B YR A TR R T 1 7K B Lk SR A B RS
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H # Date (yy-mm-dd)
e RFERAKFEEHAEY R, WERR/NEZZFHEY . ToRRFIE, TR, RN S — A Z RGBS . 524 R X 43 /INAZ Rk
MR ERZ, BAERKEZNBETY . THE Note: R stands for biochar application in the rice season, W for biochar application in

the wheat season. T, for basal fertilization, T, for first top-dressing and T, for second top dressing. Solid line is used to distinguish wheat

13-01-20

growing season {rom rice growing season and, dotted line indicates mid—season drainage during the rice season. The same below
A1 AN TR] IS0t P 2B 0 5 A 2 58 A F AR N O HE G o 9 215 72 1
Fig. 1 Seasonal variation of N,0 emissions from paddy fields under rice-wheat rotation relative to timing of biochar amendment

T2 WERERAECHIMNOZRIRNHAM=ZE. E¥MT 2. EEEREERNMEETSMAEE (100a)

Table 2 Cumulative CH, and N,O emissions, grain yield, global warming potential and greenhouse gas intensity (100 a) of one cycle

of the crop rotation

b B N,0-N CH,~C Pas s 2 A AU i A
Treatment (kghm™) (kghm™) Yield (kghm™) GWP (CO,—eq kg hm™) GHGI (COy—eq kg kg™")
RBy-N, 0.66 +0.13¢ 56.67 = 4.01e 7 748 + 249d 2198.3 + 193.6d 0.284 = 0.035ab
RBy-N, 3.91 = 0.24ab 87.95 + 1.85a 13 593 + 1 190be 4761.6 + 168.9a 0.352 = 0.029a
RB,-N, 3.76 + 0.18ab 86.27 + 2.74a 15 286 + 342ab 4 634.3 +79.9ab 0.303 = 0.004ab
RB,-N, 3.50 + 0.08b 80.42 + 1.46b 14 790 = 303abc 4318.1 +62.6¢ 0.292 + 0.008ab
WB,-N, 0.68 +0.07¢ 47.83 = 0.53( 7236 +1015d 1911.1 £35.5d 0.267 = 0.031h
WB,-N, 4.45 +0.30a 74.20 = 0.86¢ 13 225 + 532¢ 4555.4 + 112.8ab 0.345 = 0.021a
WB,-N, 4.18 + 0.46ab 71.46 + 3.50¢ 16 081 +208a 4338.7+ 116.4h 0.270 = 0.011h
WB,-N, 3.52+0.38h 65.83 = 2.20d 14 552 + 526abe 3 840.5 + 187.2¢ 0.264 +0.021b

e P £ bR 2E, n=3. [FISIM [F 5 EE R A 3R] 25 57 8 W 25, [R) 90 AS m] 2 B 3R b B ) 22 5 1 3% (p<0.05) Note:
Means + SD, n=3. Same letters in the same column mean insignificant difference between treatments, different letters in the same column

mean significant difference at a =0.05 level between treatments
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Fig.2  Distribution of daily precipitation and air and soil temperatures during one cycle of rice-wheat rotion from June 2012 to October 2013
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AR, W E A 0 e
ST IOE B, AT 0 A H CHL, B HE %) 0 Abel
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6.20, Yy FHAALEL, A A RO IE > CHL IR
HEHk

2.3 AERAREAEYRSBHNEFSENZIN

2R F Y, RERACAE YRS i AR Z
] 77 T IR W B 25 5 s 22 RO Ik & A W) e 3
B RUIE S E M 7R 21.6% ((p<0.05 ), 1 & ZEd i
o o A ) e A L I TG B 22 . X AT Rk
SRR AW R A 3 S 5T ORISR, XTNH;
A AR SR AW RN ORFEAE T, B AL, AR
R, WMEY TR SAsai® Y pRoe s R
— 3, EEAY KRR F U HER S, e
U R A W b PR 3 AR T RS
Jits FHAE P A B, 35K AT BE 2 R A A ) it A TR
o5 R R A, IWMAEdE 1 -5 b R YT
Pe, OB BRI RETE ARG VYT T T L g
e = it .
24 AEFEEAEMRSBERIEREGWPH

GHGIRY &M

FE100af 8] RUEE [, K [H] s 300 i FH 2= 40 e xof
FE 2 S AR CH N, O 25 B iR = 3% (GWP)
FR SRR (GHGL) WE2, W20 48
RRB,-N,5WB,-N,. RB,-N,5WB,-N,. RB,-
N, 5WB,-N,lYGWPHIGHGIZ R R B, H
WB,-N, A WB,—-N, i CWP i Z i/ 15.7%, WB,-
N, FIWB,-N, 5 WB-N M 53 & & M GHGI
21.7%M23.5% . AN [A) B3 T it 1) 2 ) oo Fed 22 e
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Fig. 3 Seasonal variation of CH, emissions from paddy fields under rice-wheat rotation relative to timing of biochar amendment

ERAEGWPHICHGIR B R AR M, FES+ K, WA Ras L7, simniEdy
MERRVEI ZE RA X T EBRGA YR R BT R T 2R A B R e
RSB . 2R L pHE R IMACR I TR A ) S A48 45 5 4F B9 GW P I G H G IAKCR: B 4
N EY R (£3) , e Bk - b i A=) (£2) .

R3 AN[E) B i PR AE R o SRR 4 1 SR Y 20

Table 3 Effect of biochar on soil total N, pH, SOC of topsoil (0~ 15 cm) relative to timing of the amendment

Qb3 AR pH EERIIR
Treatment Total N (gkg™") (1:2.5H,0) Organic C (gkg™)
RBy-N, 1.29 £ 0.03¢ 5.67 £0.10d 14.90 + 0.75d
RBy-N, 1.31 £ 0.04¢c 5.64 £0.09d 14.77 £ 0.74d
RB,-N, 1.44 £0.03b 5.95£0.07¢ 18.73 £ 0.55¢
RB,-N, 1.48 £ 0.05ab 6.08 £ 0.08ab 21.90 £ 0.46a
WB,-N, 1.28 £0.05¢ 5.65 £ 0.06d 14.70 = 0.66d
WB(—-N, 1.32 £0.06¢ 5.73 £0.08d 14.73 £ 0.40d
WB,-N, 1.47 £ 0.04ab 6.02 £ 0.08he 20.30 = 0.46h
WB,-N, 1.54 £0.03a 6.20 £ 0.03a 22.80 £ 0.53a

e M« hrEZE, =3, RIFIARFEFRELRAPLE 225 8.3 (p<0.05) Note: Means + SD, n=3. Different letters in the same

column meant significant difference at o =0.05 level between treatments
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EFFECTS OF BIOCHAR ON N,0 AND CH, EMISSIONS FROM PADDY FIELD UNDER

RICE-WHEAT ROTATION DURING RICE AND WHEAT GROWING SEASONS

RELATIVE TO TIMING OF AMENDMENT

Li Lu

Zhou Zigiang Pan Xiaojian

Xiong ZhengqinJr

(Jiangsu Key Laboratory of Low Carbon Agriculture and GHGs Mitigation, College of Resources and Environmental Sciences,

Abstract

Nanjing Agricultural University, Nanjing 210095, China )

A field experiment was carried out in a paddy field under rice-wheat rotation, to study

effects of biochar amended at the rice or wheat season on paddy CH, and N,0 emissions throughout the cycle

of rotation, their consequential global warming potential ( GWP ) and greenhouse gas intensity ( GHGI)
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with a view to providing some scientific basis for extrapolation of the use biochar in mitigating global warming
potentials and in agricultural production as well. The field experiment was designed to last an entire cycle of
crop rotation, that is, two cropping seasons, rice season and wheat season, and to have eight treatments
in triplicate, i.e. Treatment RB,—N, or CK ( zero N fertilizer applied & zero biochar amended in the rice
season ) , Treatment RBy=N, (250 kg hm™ N fertilizer applied & zero biochar amended in the rice season ) ,
Treatment RB,—N, (250 kg hm™> N fertilizer applied & 20 t hm™ biochar amended in the rice season) ,
Treatment RB,-N, (250 kg hm™ N fertilizer applied & 40 t hm™ biochar amendment at rice season ) ,
Treatment WB,—N, ( zero N fertilizer applied & zero biochar amended in the wheat season) , Treatment
WB,=N, (250 kg hm™ N fertilizer applied & biochar amended in the wheat season ) , Treatment WB,-N, (250
kg hm™ N fertilizer applied & 20 t hm™ biochar amended in the wheat season ) , and Treatment WB,—-N, ( 250
kg hm™ N fertilizer applied & 40 t hm™ biochar amended in the wheat season ) . Biochar was amended before
rice transplanting on June 10, 2012 and wheat seeding on November 10, 2012. CH, and N,0 gas emission
fluxes were monitored with the static chamber and gas chromatography method. Results show that Relative to
Treatment RBy—N,; Treatment RB;—N, did not have much significant effect on N,O and CH, emissions, GWP
and GHGI, while Treatment RB,-N, significantly improved crop yield by 17.2%, and significantly reduced
total CH, emissions and GWP by 8.6% and 9.3%, respectively. Treatment WB,-N, did not have much effect
on GHGI and GWP, but did increase wheat yield by 21.6%, which in turn significantly reduced GHGI by
21.7%. Treatment WB,—N, significantly reduced N,0 and CH, emissions by 20.9% and 11.3%, respectively
and GWP and GHGI by 15.7% and 23.5%, respectively. In terms of total GWP on a 100-year horizon, the
treatments followed an order of RBy—N, > RB,-N, > WB,-N, > WB,-N, > RB,-N, > WB,-N, > RB,—N, > RB,-
Ny, while in terms of GWPs per unit crop grain yield, they followed another, i.e. RB—-N, > WB,—-N, > RB,-
N, > RB,-N, > RBy-N, > WB,-N, > WB;-N, > WB,-N,. Obviously biochar application is more effective in
the wheat season than in the rice season, in reduciing N,O and CH, emissions, lowering the GWP and GHGI
and increasing crop yield of the rotation system. Although Treatment WB,N, was lower than Treatment WB N,
in N,O and CH, emission, and also in wheat yield which to use depends on balance between GHG mitigation
and grain yield. However, consequential effects and underlying mechanisms of the use of biochar in the field
on scale need further field study Results incorporation at rice season had no significant difference on N,0O
and CH, emissions, GWP and GHGI. Relative to the RB;—N, treatment, the RB,-N, treatment significantly
improved crop yield by 17.2%, significantly reduced the total CH, emissions and GWP by 8.6% and 9.3%,
respectively. The crop yield of biochar incorporation at wheat season with 20 t hm™” significantly improved by
21.6%, and significantly reduced 21.7% GHGI compare with WB;—N,. Biochar incorporation at wheat season
with 40 t hm™ significantly reduced N,0 and CH, emissions by 20.9% and 11.3%, respectively, significantly
reduced GWP and GHGI by 15.7% and 23.5%, respectively. Biochar application at wheat season was better
than rice season. iochar incorporation at wheat season on improved crop production, reduced N,O and CH,
emissions, while simultaneously lower the GWP and GHGI were superior to the biochar incorporation at rice
season in the rice-wheat rotation system.

key words Biochar; N,O emission; CH, emission; Global warming potential; Greenhouse gas

intensity

(RERE: » #)

http: //pedologica. issas. ac. cn



ACTA PEDOLOGICA SINICA Vol. 52 No.4 July, 2015

CONTENTS

Reviews and Comments
A review of study on microbial ecology of nitrite-dependent anaerobic methane oxidation +----- Shen Lidong ( 721)
Soil Science and Modern Agriculture
Spatio-temporal variation of total N content in farmland soil of Jiangxi Province in the past 30 years -+
........................................................................... Zhao Xiaomin, Shao Hua, Shi Qinghua, et al. (730)
Early warning of heavy metals potential risk governance in Beijing «++++s+ssssesrrrerererenanmniiiiiiiiiii
..................................................................... Jiang Hongqun, Wang Binwu, Liu Xiaona, et al. (745)
Effect of deep application of straw on composition of humic acid in soil aggregates —«ro-cosreeorermaeerneeeeeenne.
.......................................................................................... Zhu Shu, Dou Sen, Chen Lizhen (758 )
Effect of biochar application on pakchoi (Brassica chinensis 1..) utilizing nitrogen in acid soil =«==xsseeeeeeeeees
..................................................................... Yu Yingliang, Xue Lihong, Yang Linzhang, et al. (766)
Effects of water and fertilizer on fruit yield of high-yielding clonal Camellia oleifera Abel «+:+=++erseeeeeeeeen
..................................................................... Zhang Wenyuan, Guo Xiaomin, Tu Shuping, et al. (774)
Research Articles
VRML-based virtual reality modeling of three dimensional variation of soil electrical conductivity +=+x-x-----
..................................................................... Li Hongyi, Gu Chengjian, Dan Chenglong, et al. (781)
Effect of number of sampling sites on characterization of spatial variability of soil organic matter —+-+c-v-e--e
.............................................................................. Hai Nan, Zhao Yongcun, Tian Kang, et al. (790)
Research on soil water movement based on stable isotopes  «=«=---ee-- Jin Yurong, Lu Kexin, Li Peng, et al. ( 800)
Basic NPK fertilizer recommendation and fertilizer formula for maize production regions in China +-++---+----
........................................................................ Wu Liangquan, Wu Liang, Cui Zhenling, et al. (816)
Effects of fertilization on soil organic carbon and distribution of SOC in aggregates in tidal flat polders -+
............................................................... Hou Xiaojing, Yang Jingsong, Wang Xiangping, et al. (827)
Effect of long-term fertilizer application on distribution of aggregates and aggregate-associated organic carbon
in paddy soil crerreresrsrine Mao Xiali, Lu Kouping, He Lizhi, et al. (837)
Effects of biochar on N,0 and CH, emissions from paddy field under rice-wheat rotation during rice and wheat
growing seasons relative to timing of amendment — =+oevreeeeeeees Li Lu, Zhou Ziqiang, Pan Xiaojian, et al. ( 847 )
Effects of successive application of crop-straw biochar on crop yield and soil properties in cambosols +++++++
........................................................................ Liu Yuan, M. Jamal Khan, Jin Haiyang, et al. (857)
Calculation of thickness of shear plane in diffuse double layer of constant charge soil colloid in single electrolyte
SYSTOIM *v e e srrvnsnsesrninit i Ding Wuqaun, Zhu Qihong, Wang Lei, et al. (867)
Effect of chemical leaching remedying chromium contaminated soil in deserted chemical plant site +=++---+----
...................................................................................................... Li Shiye, Cheng Jiemin (877)
Limiting factors for restoration of dumping sites of ionic rare earth mine tailings —cooceseesersresreereieeeeen
........................................................................ Liu Wenshen, Liu Chang, Wang Zhiwei, et al. (887)
Residues of organochlorine pesticides in soils of Liaodong and Shandong Peninsulas -+==«=scssreeeereereeeeeeenes
.............................................................................. Zhu Yingyue, Liu Quanyong, Li He, et al. (900)
Long-term application of winter green manures changed the soil microbial biomass properties in red paddy soil ---
..................................................................... Gao Songjuan, Cao Weidong, Bai Jinshun, et al. (909)
Effects of intercropping with leguminous crops on tomato yield, soil nutrients and enzyme activity =:+-ooeeee
........................................................................ Dai Huihui, Hu Xuefeng, Cao Mingyang, et al. (917)
Research Notes
Relationship of free amino acids in root exudates with wilt disease (Fusarium oxysporum) of faba bean ------
.................................................................................... Dong yan, Dong Kun, Tang Li, et al. (924)
Effects of intercropping of wheat and faba bean on diversity of metabolic function of rhizosphere fungal community
................................................................................. Hu Guobin, Dong Kun, Dong Yan, et al. (933)
Evolvement of structure and abundance of soil nitrogen-fixing bacterial community in Phyllostachys edulis
plantations with age of time +wxrrrrrrrerreemeeeenreneeieeeens He Donghua, Shen Qiulan, Xu Qiufang, et al. (941 )
Effect of long-term fertilization on carbon sequestration in lime concretion black soil relative to fertilization pattern
........................................................................ Li Wei, Kong Lingcong, Zhang Cunling, et al. (949)
Effects of interplanting grass on utilization, loss and accumulation of "N in apple orchard ++esseeereeeeesnnee
.................................................................................... Peng Ling, Wen Zhao, An Xin, et al. (955)
Cover Picture: Full view of ionic rare earth mine desert (by Tang Yetao, Liu Wenshen)



(TEFR) REZERS
* H: £FIE
HATH F: (HUERZBHNTF)
E Zi En%¥  IHHE IHE O A FIKRK  AAE
Zx#E  EFFm FRE F it ReKk  HHE KEA
KR REH BRE BNE BB BRL AHE
Wk REW BE%  BHR Az #ER 4 &
e T WA 35 7k 9 RN FHAE REE RRUAK -2l
& A wEM "N EWE % O ok G
£ K BEEX EKHER  KEE  BERX ##HF
REMEE: REHA
REHE: EHE 2 12 i A%
T & F ® ACTA PEDOLOGICA SINICA
Turang Xuebao
(AT, 19484E617) ) ( Bimonthly, Started in 1948 )
2 4l 201547 H Vol. 52 No. 4 July, 2015
e B (tEHEEAHE RS Edited by Editorial Board of Acta Pedologica Sinica
Mol R AL SR B 1B HREC4HTY 210008 Add: 71 East Beijing Road ,Nanjing 210008 , China
HLI% 1025 - 86881237 Tel: 025 - 86881237
E-mail ; actapedo@ issas. ac. cn E-mail ; actapedo@ issas. ac. cn
* EIT I S O Editor-in-Chief Shi Xuezheng
I & B o2 BE Superintended by Chinese Academy of Sciences
Ex o ®H O O+ O o 4 Sponsored by  Soil Science Society of China
K I P EB GRS R A AT Undertaken by Institute of Soil Science,
Chinese Academy of Sciences
K I 4+ & & B Published by Science Press
Hiu ik« b 5 AR BRI 16 5 F B 2 £ . 100717 Add: 16 Donghuangchenggen North Street,
Beijing 100717 , China
NI i - R | =W & S N = 1 i I S S /N Printed by Beijing Zhongke Printing Limited Company
Bk T 4 4 & B Distributed by Science Press
M A 5 AR BB AR I B 16 5 BB TS 100717 Add: 16 Donghuangchenggen North Street,
Beijing 100717 , China
HLil :010 - 64017032 Tel: 010 - 64017032
E-mail: journal@ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
(ES I A L Sl R EE N TN SIS i S /A Foreign China International Book Trading Corporation
M ik b5 399 546 BB S 0 100044 Add:P. 0. Box 399, Beijing 100044 , China
A4 — Tl :CN 32-1119/P AR & AT 2 2-560 [ 4 R AT AT - BM4S FE e 60.00 JT
B m % 2 F % 17

ISSN 0564-3929



