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The effect of wheat—straw derived biochar on the soil pH and emissions of CO, and CH, from tea garden soil
JIANG Meng—die', HE Zhi-long', SUN Yun'!, ZHOU Wei', HU Rong—gui'?, LIN Shan""

(1.College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China; 2.Ecological Environment Center,
Huazhong Agricultural University, Wuhan 430070, China )

Abstract : Laboratory experiments were conducted to study the effect of biochar addition on the amelioration of acidified tea garden soil and
the resultant greenhouse gas emissions. Different amounts of wheat—straw derived biochar(no biochar(B0):0 g-kg™; low biochar(B1):10
g-kg™; medium biochar(B2):30 g+kg™'; and high biochar(B3):50 g-kg™; with or without urea(N or NO)) were added to tea garden soil.
The effects of these biochar additions on soil pH, as well as CO, and CH, emissions was measured. The results indicate that the addition of
biochar significantly improved the acidified tea garden soil pH(P<0.05). The soil pH was found to increase with an increasing application
rate of biochar, with the soil pH value for NOB1, NOB2, and NOB3 increasing by 0.18, 0.53, and 1.06, respectively. A high biochar(B3) ap—
plication rate resulted in higher cumulative emissions of CO, and CH,. A 3% addition of biochar was enough to improve soil pH within a

short period of time. When biochar was combined with urea for addition to the soil, higher soil pH values and CO, emissions were observed,
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while CH, emissions were inhibited compared to biochar addition alone. Therefore, the addition of biochar has a more positive effect on the

amelioration of acidic soils when soil acidification is not serious. A lower addition rate of biochar is recommended to improve soil pH, while

decreasing the emission of greenhouse gases.

Keywords: tea garden; urea; wheat—straw derived biochar; pH; CO,; CH,
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Table 1 The average content of NH;=N, NO;-N, DOC, MBC and pH for different treatments soil
JGLi 13 pH ERZSA NHi-N/mg- kg™ A NO;-N/mg- kg™ Al PEE PR /mg - kg™ L Pyl /mg - kg™
CK 4.690.02a 117.51%5.55¢ 70.71+2.10a 18.24+5.41ab 23.25:1.01a
NOBI 4.87+0.03b 84.74+3.03b 76.97+3.02abc 13.59+1.28a 26.1424.67ab
NOB2 5.22+0.07d 69.96+5.67ab 80.67+4.07bc 18.92+1.11ab 22.27+4.87a
NOB3 5.75+0.03f 63.82+2.12a 81.9322.50c 28.7622.51b 28.7628.27ab
NBO 5.0320.04c 250.36217.40e 70.66x1.82a 50.7624.38¢ 28.9022.59ab
NBI 5.3320.01e 234.39+12.36e 73.2444.21a 58.35+7.68¢ 27.618.78ab
NB2 5.71+0.06f 204.67+19.12d 74.84+2.74ab 79.97+6.00d 34.48+0.29bc
NB3 6.01+0.08g 195.47+12.36d 88.68+5.37d 94.82+12.12¢ 41.23+1.81c

T AN FZE SCF R R A ) 22 5 i 2 (P<0.05)
Note : Different letters indicate the significant difference( P<0.05) of different treatments.
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Table 2 Correlation between CO, and CH, emissions and

environmental factors for tea garden soil

Cco,  CH, pH  DOC  MBC
CO, 1.000
CH, 0.951** 1.000
pH 0.346%* 0.244*  1.000
DOC 0.477%* 0.283* 0.646** 1.000
MBC 0.287** 0.149 0.647** 0.565** 1.000
NH;-N -0.038 -0.129 0.510** 0.529** 0.516%* 1.000
NO;-N-0.424%* -0.253* -0.548** -0.401** -0.637** —-0.473** 1.000
o R A REBE 3 KT (PO.01) | * S M i3
(P<0.05);

Note: ** Correlation is significant at 0.01 level, * Correlation is signif—

NH:-N NO;-N

icant at 0.05 level.

i, R R K B Rt ], IR Z R ALVE R AT RE &
R

A= R AL F S 2R B0 3 HE K & CH,, 5
i (NOB3) 4= 9 Jiit s 4b ¥ CH, B BLHE i B 3 (P<
0.05) K T (NOB2 ) {H (NOB1 )£ #y Ji s b B, %o} FRE
CK 7ZER AN IG I 18] CH, HEH0E 8340 TR AR K
A WFFCHGE , A P 55 o] g n 4 49 v B B S AR B

02 BE, 4 v PR e S 1 R FR B TR ) =R BE LY, Bl
BRGNS b SR U R L R R 1 e TR Y
I R B s Y BE A TR A TR N, AT FAARE CH. Ao HE
e AR AS SRR, BN A=W oo i 2 (e it 1
CH, FHERC . A= 0 A (8 IR A S Bl 490 S5l B g
3 pHAE, RS pH (ELAY T R Al o G R Y
I PE, ek b SRR CHL, 18R 25 2R R CHL HE K
M pH Z AR B E A IER R E R (R 2)5 A
I BEARRERS 5o 4 B A AL IE(MMO) b YIS PEZS 5 A%,
e TR P ) S TSR B 45 0 B A CHL, FRAIR CH, YR
P, BN A B0 i) e 2 AR e NHG-N 54
Jfgi NO:-N BY& (R 1), TTHISS T NHi-N X
CH, BRI A, S350, A=W B0 A A 1 A
HRJE AR F ALY, Al g R e
TR AR A 0 T it Jon 3] L 398 v e 8 S8 K o0
A ANE, SRl B AR ™, [R R A R CH, A9 HE
e ABRA BRI, AP BUsO0 48 CHL HE 2
M AN S 2522 AN [ 0 36 24 R AT g e R B
A=) S R SRR | BAGSR E it fn  m  S o )
2E5sER . XK, ZIES Y B ILEI S T
CH, IHERL . AT R Bt I AL 25207 CH, AL T
(AR 2 A, AT B DROA N IR e T CH, Y%A,
AT 7 FRGE R BR) AE AE T R A R, AT b
T CH, FEBUHR i
IRLRRW], BN B 2k T CO, 1
HEC, HA Wy B s sy, CO, RBHE O
IEHER A CO, 2Ry 3P AR YA R IR A
Iy A AW B0 5 A B, dS 3 2
I UK 7> A BE Yy S m e L A
BLBR 2> A CO, BRI . HAT, & LR BRAS
CO, HERGE M I i HANGE— o AT TR BBt FH A=)
JRUR RERE AR CO, HRL™, T R . ELAE B F 5 I 75
A i AR ST e ) 238 CO, HERCTE (8.3 52, 55
AR AL HE CO, HERTA 2 R 5 X 2 S5O
AW JBURA 13E CO, HERCHI SR 1 5 PR 40 9 73
BT, 45 R R B I 7 A2 Wy S5 e vl fie 40 34
CO, R, A5 AN A ER 1] CO, RARHRHE
FFRFIN B F 2R KB, =PRI CO, HE
TR ARSI -5 00 T2 S AT TS 4 SRARAL it FH A= 90 Joa
R FGEE T IR CO, BUHERL, B ANTR] )2 B
e CO, RBHEHRBRIN T 25 YR
R ) ot 2 v LD SR SR T S o [ 1 o 25 0 I
R 3Rt s ] PAYMERSE i A= 0 R T (H AR ) A 28t



SAPUE, 4 SR B ALY R YOG 5 pH (K CO, 1 CH, HER I3 203

Rt 2 7= A 040 AT R 2 0 R 1 AT A AL
FITEANBE VB RS SR AR A, — B R E B nR
B A P PR, AR S AR T )
MBC &2 AN B2, 1T RER R 3 i
A=) OB TE L AR AR A Rk ARl Ak 4 ) e
HICBE R [R50 e S B 23 7 A K
AR EE B T, 5 1S - 43 pH A A 50 , S 5 T
IR L, S CO, BRI S AN, B RFTE
B, 24 P o e n 2] - g e, 2% 3R R
D AR BN AR A A () Y AR e R
A —E B R LR , E Y A o it FH
A, AR TR ERT Y DOC /N T H & A
SR 13 DOC 2 iR, -3 DOC 128
S PTG KBRS (NOB2) IR (NOB1 ) i A=
Yy, 3 DOC S35 5 st BE 20 A Fr a2
SSEA PR AN A | T 24 A= 0 I it Jin B 461 25 1) 5% e
(NOB3), 7e— &R FHm T L3 DOC 1 & &t
AHOCPE S BT 45 S 3R B, L3 rh DOC Fil MBC & & LA K
135 pH {5 CO, HE 5 &2 () 345 W 2 3 1 1 AH 56
KFR(P<0.01), FAES A1 e it 5 Bt A 40 o
FHHRIRFE$R 7 7 138 DOC F1 MBC &, Bjifitk
Ve e 3 4% N i m, AR FRAERNEZ,
TEPESZ 2] it Z R S DR T AR DA R 5
TEYRE A LR 1R, S ANR R E T/
ST HYLEY, i EG e 4 CO,, —F LFfE
F L5 CO, HEf i i3 m .

4 Hig

(B IA: 9 J5t e b 2 48 & 17 25 bl 1- 38 pH {H,
FLAEW S et e A 4398 pHL {EL 3G i i JEE K
A= 0I5 A A T A 25 el 3 T AT AR g o gt
PREAEFEIA N B 2538 5 7 4% pH (H, (IR 56 5 3
- R AL TR A

()Y ik B R 3F T £ 48 CO, A1 CH, By HE
Jift, CO, H1 CH, 1y SR FHHE 12 B A= 40 I o it o 2 7y 344
Jnmsg . FARGERE T A LR, AR B o il
27 CO,, —H A B R HE T CO, AR, (HA
NEXT CH, AHERRIC A S 5200

(3) 5 Hujta A= o e ML EL , S A= o e 5 PR 2R 3
Jtn b g AR T CO, AHERL, EXT CH, iHERCEA
— E P HIAE A

AW B 4 4 pH B[R] RHIE BE T CO, il
CH, PHERL , 24 A5 Fel TR Aotk LA e B, AT 3 > it fin 1K

AT, ARG SRR AR D 1 [ IR E
il = AR HETL -

SE k-

(1] Sl EGETH AR R LB AR, AL 5T PRI SEit h Rk,
2012.
MA Jian —tang. China statistical modern exploration practice develop—
ment[M]. Beijing: China Statistical Publishing House, 2012.

(2] Bl fE, £ CqH, BHRE s, 55, 280 3R AL ST DU AR 2], 2t
2F1R, 2015, 56(4):189-197.
YANG Xiang—de, SHI Yuan-zhi, YI Xiao—yu, et al. Research progress
and prospects on soil acidification at tea plantations[J]. Acta Tea Sinica,
2015,56(4):189-197.

[3

[}

Standardized product definition and product testing guidelines for

biochar that is used in soil[J]. IBI Biochar Standards, 2012.

(4] T te, BRI, A B S5, A et SR I RSO IE 413l
B Al TR EHR, 2011, 27(2) 1 1-7.

HE Xu-sheng, GENG Zeng—chao, SHE Diao, et al. Implications of pro—
duction and agricultural utilization of biochar and its international dy—
namics[J]. Transactions of the CSAE, 2011,27(2).1-7.

[5] Asai H, Samson B K, Stephan H M, et al. Biochar amendment tech -
niques for upland rice production in Northern Laos: 1. Soil physical
properties, leaf SPAD and grain yield[J]. Field Crops Research, 2009,
111(Suppl 1/2).81-84.

(6] 48 i, 5K 1, TR, S5, FEAF A B b b A A PRI AL A A
FEN. A IR, 2010, 19(10) : 2489-2492.

HUA Li, ZHANG Cheng, MA Hong-rui, et al. Environmental benefits of
biochar made by agricultural straw when applied to soil[]]. Ecology and
Environmental Sciences, 2010, 19(10):2489-2492.

[7] Wu F, Jia Z, Wang S, et al. Contrasting effects of wheat straw and its
biochar on greenhouse gas emissions and enzyme activities in a Cher—
nozemic soil[J]. Biology and Fertility of Soils, 2013, 49(5) :555-565.

[8] Spokas K A, Reicosky D C. Impacts of sixteen different biochars on soil
greenhouse gas production[J]. Annals of Environmental Science, 2009
(1).

[9] Dick J, Skiba U, Wilson J. The effect of rainfall on NO and N,O emis—
sions from Ugandan agroforest soils[J]. Phyton, 2001, 41(3):73-80.

[10] Lin S, Igbal J, Hu R, et al. Nitrous oxide emissions from yellow brown
soil as affected by incorporation of crop residues with different carbon—
to—nitrogen ratios: A case study in central China[J]. Archives of Envi—
ronmental Contamination & Toxicology, 2013, 65(2):183-192.

(1]t B e ks Hr M. bt s E ol Hh ke, 2000:25-109.
BAO Shi-dan. The method of soil agrochemistry analysis[M]. Beijing:
China Agriculture Press, 2000:25-109.

[12]1F . 0E E, B24HE, & AVIYRRT SRR T2k e LAY R

PR, 13, 2013, 45(3) :430-436.
WANG Lei, WANG Yu, YANG Xing-lun, et al. Use of crop residues to
ameliorate soil acidity in a tea garden soil[J]. Soils, 2013, 45(3):430-
436.

[13] Wrage N, Velthof G L, Beusichem M L V, et al. Role of nitrifier denitri—



204

RAIMERF 2R R RS

fication in the production of nitrous oxide[J]. Soil Biology & Biochem—
istry, 2001, 33(1):1723-1732.

[14] JRIAREL, B an, #aing, 2. A AR 138 pH ARSI 2 4
PN NH; F1 NO, e i 52 [J]. 1-3E5@ 4, 2004, 35(3) :374-376.
ZHOU Xi-hong, ZENG Qing-ru, JIANG Zhao —hui, et al. Effects of
urea on soil pH and the accumulation of NH; and NO, in a simulative
greenhouse[J]. Chinese Journal of Soil Science, 2004, 35(3):374-376.

[15] Feng Y, Xu Y, Yu Y, et al. Mechanisms of biochar decreasing methane
emission from Chinese paddy soils[J]. Soil Biology & Biochemistry,
2012,46(1):80-88.

[16] X 27, M, B5Ess, 5. ALY Bk ik BT A H IR 2= Ak

T - e AL B 4 2 (], T AE AR 2=, 2013, 24(8) - 2166
2172.
LIU Yu-xue, WANG Yao—feng, LU Hao-hao, et al. Effects of biochar
application on greenhouse gas emission from paddy soil and its physical
and chemical properties|J]. Chinese Journal of Applied Ecology,2013, 24
(8):2166-2172.

(1715 &5, 5 22, W, 4. Wil T PIROR IR pH KRS b B G A

Rt ERER 0 AR, AR 25242, 2015, 34(6): 1667-1674.
WEI Meng, MA Lan, HU Yue-hang, et al. Comprison of methane pro—
duction and archaeal community of two rice paddy soils with different
pH under high temperature[J]. Chinese Journal of Ecology, 2015, 34
(6):1667-1674.

[8]VF K, Bk J=, REIESF. AW o S5 BN XSRS I e 7= A 5 SR

B ANBAEGEAEISZ AT, 238224, 2016, 53(6) - 1517-1527.
XU Xin, CHEN Chen, XIONG Zheng—qin. Effects of biochar and nitro—
gen fertilizer amendment on abundance and potential activity of
methanotrophs and methanogens in paddy field[J]. Acta Pedologica
Sinica, 2016, 53(6) :1517-1527.

[19] Spokas K A, Koskinen W C, Baker J M, et al. Impacts of woodchip
biochar additions on greenhouse gas production and sorption/degrada—
tion of two herbicides in a Minnesota soil[J]. Chemosphere, 2009, 77
(4):574-581.

[20] Malghani S, Gleixner G, Trumbore S E. Chars produced by slow pyroly—
sis and hydrothermal carbonization vary in carbon sequestration poten—
tial and greenhouse gases emissions[]J]. Soil Biology & Biochemusiry,
2013, 62(5):137-146.

[21] Wu F, Jia Z, Wang S, et al. Contrasting effects of wheat straw and its
biochar on greenhouse gas emissions and enzyme activities in a Cher—
nozemic soil[J]. Biology and Fertility of Soils, 2013, 49(5) :555-565.

[22] Zhang A, Liu Y, Pan G, et al. Effect of biochar amendment on maize

yield and greenhouse gas emissions from a soil organic carbon poor cal—

careous loamy soil from Central China Plain[J]. Plant and Soil, 2012,
351(1):263-275.

(23] T 45, ZEAHE. ARSI RSP Bes m L[], A= 385
RN RS 4, 2001, 17(3) :30-34.

DING Wei-xin, CAI Zu-cong. Mechanisms of nitrogen fertilizer sup—
pressing atmospheric methane oxidation by methanotrophs in soils[J].
Rural Eco—Environment, 2001, 17(3) :30-34.

[24] T 45T, SEAHIE. FAEXT 13 AL e 2 B e ()] vh A S
AP2£4R, 2003, 11(2) :50-53.

DING Wei-xin, CAI Zu-cong. Effect of nitrogen fertilizers on methane
oxidation in soils by methanotrophs[J]. Chinese Journal of Eco—Agri-
culture, 2003, 11(2):50-53.

(25] RO AH, B, T #R, 45 b AE 5 E 1 4 3 U ) e
TP ARRFIE)). Al AR =241, 2014, 33(4):751-758.
CHEN Xin —xiang, GENG Zeng —chao, WANG Sen, et al. Effects of
biochar amendment on microbial biomass and enzyme activities in loess
soil[J]. Journal of Agro—Environment Science, 2014, 33(4).751-758.

[26] BRI, 327, 55 90, 55, AKFREFEFT A W0 o 3Bk - A B Ak e
F CO, Bz mall]. SREEREE, 2014, 35(1):93-99.

KE Yue—jin, HU Xue—yu, YI Qing, et al. Impacts of rice straw biochar
on organic carbon and CO, release in arable soil[J]. Environmental Sci-
ence, 2014, 35(1):93-99.

R7IBRER, £ U, JUEW, 55 B A4 2 5 45 el 423 €0, N0
HERT A SEMAT]. el FREERLFE274)R, 2015, 34(5) :1009-1016.

CHEN Yu-zhen, WANG Feng, YOU Zhi-ming, et al. Effects of biochar
on CO, and N,O emissions from tea garden soils[J]. Journal of Agro—
Environment Science, 2015, 34(5):1009-1016.

[28] $AZE K, ZEZEMK, HIRE. AW Xt 25 el 13 CO, il N,O HERICE: K
APPSR, LTI A2 252441, 2015, 26(7) : 1954-1960.

HU Yun—fei, LI Rong-lin, YANG Yi-yang, et al. Effects of biochar on
CO; and N,O emissions and microbial properties of tea garden soils[J].
Chinese Journal of Applied Ecology, 2015, 26(7):1954-1960.

[29] Bruun S, Jensen E S, Jensen L S. Microbial mineralization and assimi—
lation of black carbon:Dependency on degree of thermal alteration|[J].
Organic Geochemistry, 2008, 39:839-845.

[30] Cross A, Sohi S P. The priming potential of biochar products in relation
to labile carbon contents and soil organic matter status[J]. Soil Biology
and Biochemusiry, 2011, 43:2127-2134.

[31] Luo Y, Durenkamp M, Nobili M D, et al. Short term soil priming effects
and the mineralisation of biochar following its incorporation to soils of
different pH[J]. Soil Biology & Biochemistry, 2011, 43 (11):2304—
2314.



