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Influence of Biochar on Greenhouse Gases Emissions and Physico-chemical

Properties of Loess Soil
WANG Yue-ling', GENG Zeng-chao' ™,
LIU Fu-yi', ZHANG Ping'

(1. Key Laboratory of Plant Nutrition and Agri-environment in Northwest China, Ministry of Agriculture, College of Natural Resources

WANG Qiang', SHANG Jie*, CAO Sheng-lei' , ZHOU Feng', LI Xin',

and Environment, Northwest A&F University, Yangling 712100, China; 2. Shaanxi Province Land Engineering Construction Group
Co. , Ltd. , Xi’an 710075, China

Abstract: Biochar is known to be a good soil amendment to improve soil physical and biochemical characteristics, to increase crop
yield, and to mitigate greenhouse gas emissions from soils. In this study, five addition levels of apple tree branches-derived biochar
(0, 20, 40, 60, 80 t-hm>) were used in field plot test. The effects of biochar on soil temperature, soil aggregates, NO; -N, NH,' -
N, microbial biomass carbon and greenhouse gas fluxes were investigated during the whole pepper growth season. The results showed
that biochar amendment increased the temperature moderation capability of soil and increased the content of soil macro-aggregates,
especially the content of aggregates with sizes >5 mm, 5-2 mm and 1-0. 5 mm. As compared with the control, the contents of NO; -
N, NH," -N and microbial biomass carbon increased by 4. 9% -33.9% , 9. 1% -41. 1% and 11. 8% -38. 5% with the increase of biochar
content respectively. Biochar amendment increased CO, emissions and CH, uptake by 6.73%-23.35% and 3.62%-14.17% ,
respectively. N,O emissions and global warming potential (GWP) decreased at biochar levels of 20 and 40 t-hm > and increased when
the biochar levels were 60 and 80 t-hm ~*

improved soil quality, soil fertility and function of agriculture soil on carbon sequestion and decreased emission cut. In addition, the

as compared with the control. The results suggested that as a soil conditioner, biochar

choice of biochar level is very important.

Key words : carbon emission; soil aggregates; greenhouse effect; microbial biomass carbon; soil temperature
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Fig. 1 Effects of biochar on soil temperature
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Table 1  Effects of different dosages of biochar on distribution of water-stable aggregates/%

e A A KN/ mm
>5 5~2 2~1 1~0.5 0.5~0.25 <0.25
BO 1.58 +0.47¢ 2.95 £0.25¢ 3.29 0. 11b 3.99 £0. 17¢ 5.01 £0. 12b 33.29 +0.38a
B20 4.63 £0.42ab 3.69 +£0.07b 3.37 £0.45b 4.94 +0.21b 5.28 0. 32ab 28.09 £0.48b
B40 4.24 +0.20b 3.68 +0. 46b 3.06 0. 13b 5.47 £0.41a 5.47 £0.09a 28.09 +0.77b
B60 4.68 +0. 15ab 4.34 +0.04a 3.40 £0. 15b 4.84 +0.24b 5.28 0. 19ab 27.30 £1.47b
B8O 5.34 £0. 55ab 3.94 £0. 32ab 4.00 +0.31a 4.88 +0.22b 4.59 +0. 18¢ 27.41 £0.47b

1) 2JZBHEN 0 ~20 em; AEVNG FREL RN R AL BB 22 57 55 B .25 K (P <0.05)

M2 Hha] DUE ), 1A A K 2, 4
NO; -N F i RS TE BRI AL T, e 5 Ab 2
NO; -N & & m TXH AL EE H NO; -N Frm 54
Yyt & S AEAH G OC R, FE BT A6 A R B 45
S, AR it R A8 T 40 ¢hm PR, £
NO, -N & 3 5 T X B R 7E BT 168, +
HENO, -N Frig 5 A meifs i 52 IE A DG OC R I AE
PRSI B60 4LFH NO; -N &4 I & 5 T HA 4%
AP, FEBHUAR S , B20 . B40 1 B60 i TN
MEALBE | H B40 BRI, X T HIENH, -N, 7E8A4>
AR 2 359 3 B il o Ak B S T R AR B HL
B20, B40, B60 F1 B80 43 %l b X} M &5 4. 1% ~
21.1% . 9.1% ~ 27.2% . 17.1% ~ 31.9% FI
23.5% ~72.9%. F3Hh FEBRMUESE S, 45 ab B rp 4
HENH, -N& e B8 T oA 3 A4-Asf 4.

X F A EIUE Wy i, AE BB £5 AR K TN
FEIN Ay it e A PR 2 e T RRAL PR, B - ERAE Y
S i S AR Y O R IEAH DG OC R, B20 , B40
B60 F1 B8O 7 A~ 5 N 2 Bl 34 1 9.3% ~

15.5% . 9.3% ~ 38.3% . 21.4% ~ 44.9%
26.2% ~52.6% . XA AE Yk WaE RN T £+
AR T . TEBROT AR Z 00, A
SR SIS AU Z )5, LAY
b O e AR, IXAT BB BRSNS
()75 K B3 K AW 5 A ) 2 TR % 5% 93 1 5 4k
B, 8T A YR AR
2.2 AWmot 3R = SARHERU 5w

T R = AR HEOE I R AR JF A S
ZHHER 2. & 3 AN Co, HE
AR, AT LR Y TEBAURS AR I 22 /i, & b 2
ZIa CO, MHERR A 25 5. MAEBRARUS SR 2
J& A E R T COo, HEcR, SXTIRA L,
B20, B40 ., B60 F1 B8O 7£%&A™ 155 A P 43 51| 34 i 1
8.5% . 15.0% . 26.7% H 26.9% . 7F 342 % 1
W, CO, BT 3 B I, 077 A1 %8
A1 5H8 A21 %5, H co, Hiuth < 5185 rY 481k
20 (E AT 3).

FEFEAR I Y, N,O HERC AR 2 T R 3
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Fig. 2 Effects of biochar on soil NO; -N, NH, -N and

microbial biomass carbon
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WIZ A0, it A FR Y N, O HEM & = T 5 B Ah H, 2>
Je WA I .
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HHERAE YA A B AE USRI 2 J5 A I BRI
DO ERE X CH, BACMER, B Fr e
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HE @ 543 9 - 0.023, - 0.024, —0.025 Fi
-0.024 mg-(m’+h) ~" JEXTREALELY 1,07, 1. 14,
1.16 F11.16 4.

2.3 AR E S B BHERC R R

M2 AT LIA H, N BO AR BRAY (6 976.23 +
100) kg-hm > %] B8O 4b ¥ () (8605.51 + 78)
kg-hm ~* i HAE Y W E & T CO, BB,
X IRA AR T 6.73% ~23.35% . AN, B20 F
B40 Z[f], LA K B60 1 B8O 8] ¥ %A & 25 5 (P

>0.05) HHEa A — 3%, {HJE B60 1 B8O Ak 3
CO, B HE & B2 = T B20 1 B40(P <0.05).
UL, A= it FH 8, XE CO, FHE iR Y BT Rk
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NoOHEHEHE Bt/ng-(m2h)™!

-0.01

-0.02

-0.03

CHHERGE Bt/mg-(m2h)™!

-0.05 |

1
04-12 05-12 06-11

07-11 08-10 09-09

HIM(A-H)

3 EREYRI LERESEHREE R

Fig. 3 Effects of biochar on soil greenhouse gas fluxes
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X}F N,0,B20, B40, B60 #1 B8O 1 2 FHHE ik
W0 W A 337.85, 340.76. 398.89 Al 380.01
g-hm 2 S5XTHEZ AP 8 T 8525 (P <0.05).
555 WA L, B20 i1 B40 11 EFHERCE 20 B AR T
4.28% F1 3.45% , 1 B60 F1 B8O N 43 5 4 fin T
13.02% F17.67%.

M2 PRTLAE W, A s Xt CH, SRR HER R
(A5 2 BRIy, Lt A 38 ) vT DA n 3+

XF CH, JCRIVER. St REAR LG it AW e, 14
XF CH, WM ICIE N T 3.62% ~14.17%. BET B20
Z A0, HAh A A S X IR DR % T B 22 5 (P
<0.05) ,fHAAFEZ A 22 F A BE (P >0.05).

MEEA SR HAT LUE I A Rt LR A
Bl T B 5 ) 5 AR vt FH A G, S0 AR L
B20 Fll B40 @ MK T LI AL AR I (P <
0.05) ,1fi B60 1 B8O Wi i 25 38 i 1 + 3 (1) 255 5 1
T (P <0.05).

®2 HRAEYRMIBEESEERENERESERERNZM

Table 2 Effects of biochar on cumulative greenhouse gas emissions and global warming potential

CO, ZPHEE N, 0 SREHE &

CH, 2B HE LR AR (DL CO,-eq 3T)

i /kg-hm ~2 /g+hm 2 /g-hm ™2 / kg+hm 2
BO 6976. 26 +100c¢ 352.94 £3.36b —-773.47 £3.45b 85.84 +£0. 16b
B20 7445. 66 +84b 337.85 +2.04c —-801.45 +3.05b 80. 64 +0. 8c
B40 7830. 58 +82b 340.76 +4.91c¢ -873.90 +4.41a 79.70 £0. 56¢
B60 8590. 25 £92a 398.89 +2.45a —-883.10 £6. 36a 96.79 £0.71a
B8O 8605.51 £78a 380. 01 +3.76a -882.10 £3. 56a 91.19 £0. 36a

1) ARRVING SRR R AN b B ) 25 535 2 B 257K - (P <0. 05)

2.4 FARERZ A BASCHE B

R 3 SRR Z E AR SN A, bl U
A A, 3 Co, P HRIGE & | A
Yriek | AECS A LR DR R R A SR A
EEZ AR R IR R, X UL IR

Bl LA s 4 e PR AL A 5, [ B g 1 R
CO, HIHEICE: | 3X 1 B85 A= Wy o L IR Y 2
WA KA. CH, PR S5 N,0 P HEE
FIOR PSR i 2 ) S B 3 O OGC & TS e
FARPRZ AR A AR

*®3 EiERZENEXREY

Table 3 Correlation coefficients among different indexes

s St MO RkwEE WA LG G KRN
A=W it P 1.000  0.851** -0.489 0. 120 0.982** 0.971** 0.900** 0.982** 0.764**
CO, F-HHEHCHE 5 1. 000 -0.419 -0.086 0.875** 0.829** 0.796** 0.796** 0.664**
CH, “F-YHEmGE & 1. 000 -0.518* -0.486 -0. 468 -0.418  -0.488 —-0.587"
N, O P4 HEGHE 1. 000 0.043 0. 164 0. 109 0. 143 0. 289
TR ik 1. 000 0.943 " 0.884** 0.957** 0.775**
TSR 1. 000 0.873** 0.932** 0.829*"
TR 1.000 0.884** 0.731*"
AR 1. 000 0.689 * *
NZEIZN 1.000

1) = s = R FR2E R BE (P <0.05) M2EFH B E (P <0.01)

3 it

3.1 Yot d L K R A R
LHORBEX Y AEREED | MAEY RS
PE2 LTI S LA SR A AR B
APERT, AR AR T . BUEY SR L AL
J5 B 93 ik L B 3703 BB A B AR i R %S
A HE. T3 R A2 R B A R
G | ZEHOVE T A B e i s 2 A 5 4

SRR BV kAT LS R EE AR b, X R
FLE W o A S R S B FE B0 £ A
(120 A i s S kR A, I
o, MR AP R ) B I
T I SN S0 AT BT - 4
T BE AL ) S V.

AHIF T 45 SRR it A e B BN T e
HR TR ( >0.25 mm) B9 S FEAR T 48 i3
AR ( <0.25 mm) BB, X 5 Lin 255 AR5
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SRR AR ) TR Y
FEPERT AITEAR KARRE Bk HANA R B b
SV AR U8 T ROk 2 [ A 4 BN T
PR SR AR 22 ] (35 SRV 20, AT B84 i 1 11 2R 1k
R E M. oAb, R A RIENIE Bz AW H R
(SR, B ECR B 22 . R A R e
T 25 ) ¢ R 38 0 - St A= M A TR ) it A
Py 388 T = 498 PR SR AR 1) 5 B RS T ) — S
JEER PO A, A e b S R I T R A W SR
(AR DA S A LI & o, LHG I 5 A ) it
BREIEMICKERD? | HAY R A 5+ Wk e
A S A AR HLTCHLE A R BT HE T AR, P
-4 rh R A B R BB S A W e it R OE A G
3.2 AWt A HERS RS R AR Y R 5

NO; -N J& 38 i 5 sl 4 1 S8 U e 0 B ) —
FRRES, BOEMARMKE, 2L, &
WF 58 45 3 2R BH e FH 2B 9 o b 2538 m T £ 3
NO; -N W& i, i F 2R R AR Yk = i A K i
1 f7 R i B 7 L 7y 5 B AR R IR B 1 A 3
Y NOS , IS/ T NO; -N AUk Ss. 7 4h, 1E 3k
WSS 2 5 3 NO -N & i W eI, X 288
SRR BB, 2 5 W AR TR B R DL B e
WIRIERNFE R BN 7R3 R R AR £ 38 NH, -N
SR IE 3o A AR AR P FE B NO; N BT A A
T EEPNH, -NAY . ASHIF ST 3 B it AR P ok
FRE T EEPNH NS &, — RN,
PR Nt NH, ELA 550 00 W R FH ) AT SE 2% T
NH, -NJa] NO; -N Ay%64e; o5 — I, ALY A 5 &
A—E R ANH, -N, H Bl % A9 5 it F o 35 m
e A IE A AN, -N 2 ok O M i

A Wy i B — e R 1 RT DA e+ e
T A i R R . ARG 88 SR ] LU
AR e R T R R Y R R
ORI AWk g b 2 LG T BRSO TR
PRSI A AR BT T 4R T R R W A
BT A 6T 5 S 0 R AR . RS SR
Ja, B AR E R, SR C/N
K ANEW G 0UEY Z [BI6FR5 i 5 4P G o, DT
4 PR A P T T AR
3.3 AEWmont HER S SRHEBY R

AT 25 5k F | it FH A= ) o Be 8 34 Jon -+ 45
CO, MR , - HL X Fp 3 in Ve FH 5 A4 4 it FH 2 2

EAHE LR 3% 5 Spokas 25 BFSY 45 R — 5. —
D7, AR R — Rl E AR, A A K B
FRAE AR A BRJERN B IR, B4 I 6T 4 98 ML 14 43
fEVER s 55—, AR B T HLRR IR 25 4, RE B ok
5 IR E OR A A R D R T R i
P, TGN -3 CO, mHER. 33 il LIE
4 CO, I HERGE & 5 4 58 v R AR R Y LA
DI - SR R S R IR AR, AR,
- PR B — o (U, B S IR E RO
FHOEHEDT PR, 3% cO, RYFHERCR AT B A 2=y
AR, X T S R A, Xie 2570 AT ST K
B, HHEA AL ZIWAEAE A R AR ( <0.25 mm)
(R A R AR i e A L B T R A
B >0.25 mm) T B 0B A LL RE % I ) 1 49
T A B AR TP A HILE 19 43 f#%. Gunina 285 (15 — B
IR IR M ff B T 14 CO, 3G = 5 +
BErp R P BRI B ) 2 AR S IE A O R R X —
gEIR.

THEN,O WHE FEHR EIEP AR SRS
P . AR 6 BORUR A 22 J VA it AT Ak 2
R, 7E 3 AR 0T N, O A HER R 38 oA ik, LA
TERESR R W, it A= W e AR 1T 38 NL,O A 4
B0 AR g 4 SR R it AR X A i A
#(20 t-hm > F1 40 t-hm ) FFEAE T 3% N,0 A4k
i, 31X 55 H N B 5T A5 SR — B, SR i FH A X R £
FIA= 7% (60 t-hm > F1 80 t-hm ~*) J7, +4% N,0 fY
Hef s midgin 1. F30X —25 R0 JE R AT RE R A Y
A REARR R R AL sl , 53 4b, AL il
TR 3 A NOS AT NH 34 0 T R Ak
YEFRBEATE R Rl ARG 3% N, 0 A9k ; H
S 1) R A R RV RS TR R
SEATE PR LSBT B 25 BRES R il 3 i dr
AMEY R R B, KNS E Y S8 %
BT RASM . 46, 1 it A K A9
SREME A B 5 10 A A v R, A
T 8 A A A R FE IR SR A B B | e 3
T 3% N,0 HERL.

b FHAREAS N H] CH, M HER™ . AW s
SR AWy e It 3 T X R EIAE . A3
Rl LUE 1, CH, PR HERGE 5 4 58 rh KA R ik
[ ) 5 B A E R, X R R A
BRI 1) 25 BR 45 R BB Ry W8 R e 200 11 1Y 25 1 it
AR it AR Y e R B CH, LAY
R EBRPCh AR it AR R T 3 AL
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2% 37 %

LA, B T R AL JAK T e A TR Y
TP AN MR NH, AW R R RRAC T
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ARWFFELEFLI 7E 100 a BFERE i 20
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NH, -NUL K 3 ik % i, H 3P NH, -N
A W o R IE AR AR
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