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Impact of biochar application on carbon sequestration, soil fertility and crop

productivity
XU Min, WU Jun”, ZHANG Xiaohong, YANG Gang

College of Environmental Sciences, Sichuan Agricultural University, Chengdu 611130, China

Abstract; Global warming and food security have been significant issues in the field of sustainable development. Several
studies have shown that biochar amendments markedly contribute to mitigating global warming and food crises and produce
beneficial win-win effects. This is mainly because of the high stability and carbon content of biochar, which can enhance the
storage of soil carbon and the physical and chemical properties of soil, consequently resulting in increased yields. Therefore ,
the objective of the present work was to examine previous studies on the efficacy of biochar as a soil amendment and to
analyze the intrinsic factors that affect soil carbon reserve and agronomic benefits ( including: feedstock, pyrolysis
temperature, application rate and soil type). On the basis of the results obtained, a suitable application criterion was
proposed, which has shown potential efficiency in carbon sequestration as well as agronomic benefits: biochar derived from
pyrolysis of biomass from forestry and harvest residues at a temperature of 300—700°C , with a relatively low dosage of no
more than 5%. Finally, we propose future research directions for a better understanding of the effects of biochar on carbon

sequestration potential, soil fertility and crop growth.
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ARG E B R PR RN Femfit i 538 27000 42 v, 3R I 1) A8 B X Bkl = SR A B2 R R ENE
Fo AUBEAE R KRB FE AN 498 BRRIHE K 22 7= (82K H R I, i <A B e 0 K+ HER b 2 FRARAE 9 7=
TR R A o W% (Biomass Charcoal, BC) ERRRIEF Y MR KA NSRS HE
W AL 5 A LR 7242 FE 250—700°C B A SR EUA 1R T, A fite e AT A I 1 B8 057 A AL I 5 B
R A SRR IR AR, B AL BRI W B RE R ke e MR A AR A
PV R ALY 1 R R, 76 R AR TR E SRR R B E R ), R R
MBS ABRRLRE 202 DR RIEA T B i , R R A BIUR I REE A2 CO, 7.6t, U5 2100 4F , & Bk
A 9.5x10" frEHET R AR AT RO R SR I 12% 09 C HERC o A Wit FH 8 3G I - S a s
U S ARHER, G DR T R A R s I SRR AR i I i R R R
R H ARk A R

AR SCRGEHTANAIT, FEEAE Y Ul R 2 SMARHE RIS 2 e A 7 L TR R A T S A5 VA 4N T A
VE R A 20 PR 2R | USSR A W 5 I 7 % i T 2 2800 B 38 e AR P PTHRp 8 i SRR B R B AR

1 EREHE

1.1 [ERIHEE )

5 R SRV AR B €O, .CH, N0V 7 Hih RHASARG R EEMHIHEZ —, 52k E
SMBHERE Y 10%—20% , HAEARWE > Rk, kb4 B s SOAHE O A 8 8 L, FRE 4 K34
A LR S 5 1000/ hm® I8 F A 1210hm?® B2 B3 AL T 28O E R 70% , 2 i
JZ2 SRR B AU EIE R 173, 7] WL, 3. [ 3R S R G 1A B R A R HEE: 14

TR EARAE = A A Y B R R SE T, B4 ] R AR AE ) S s 6.05x 10%, Hor ik A= 9 i s
83% Ml A A7 17% 7 Aol A=W 5 3 BR KRS N R R RS AT, 433129 1.1x10° 1.3x10° 2.3x10°%,
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BEBEHER ) S iR 4.77x107t, DAFRE = 19 8 e B Rl FF #3728 H, AR e b A3 25 1 1
AW , AR TFRRAGEE Y SRR H, R B Yok B T 2R Rk I KR MR 7 A
AW e TR 2B 3 R I [ g o AE W TE =X, % I8 7 Ak W st A T 617, IR E AR R R =
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10%4°°Y | A=W Beit A = HEX B A B AP ACR Bk T 22 T 1 A IR 2R, A 5 o | SR R A S R B
FEfta %5+ . Sheng 2 BFFTIAN , pH B AY L 3ERE sk + Rk 0w 1k | BRSO 22, m %t TR M BF b 5 BBk
HTEIFR 27 % 4 T LR U6 e Ay 1 HE - SRR A v )
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AW B T 3 — oA R B BRI HE T B SO AR R A B i AR R AR T 3 N LG Y
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SiE, B et 2 b B B A SR LR, 35 B ALRR LB, 2005 60% LA L, HLF6E 2% R T
T TG AN AN Bl o ) AR R B RIS S B TR, W ZEPU RS R AR e
AR BT 240 B8 ) S 617—2829 4F , R BIUA M B B AR I AL , HLELA K IIROR™Y . —RXHEY A K A it
YRR, $2 m e AR, B WA o Liu 25 0 AR ¢ n] S8 386 in + 56 WL 7 0 & ok, e b 1
PR B IR R RCR . S RI R AE A, AT R AR 7 A A R 1) BE TR R AR Ak it A IR
FAARN | Zhang S5 SR SETEAL B BC LA A= B At , BEAE R R ok e B A R s> N, O BHERL, AT
A FH IR AT Rl & 8, DU AR WA I s SO ) B BAE ¢ 1) ol ok A b S PR R A i
PRI R R AR R, 0] N, O 7oA He— S T 3 s o k) T R RS AR R S T R R
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ARG R B THABCR HA D5 R R 508 o) AE Wk A BP0 C=C BB C=C il b) A=Wy
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BRI P , SRR AR T SN, DA kg A W it P R — R A FERE X, A T B A B2 T Plaza 250
K Liu 25 VB 53 3200, A it FH T A+ e 0T 0% JG R i, ELATSIA Ay A 9 5 11 EL A s o, 2 B R k. — T
T, AW it e AR - S e 0 1k, BVEA B8O ; o — 7 T, A et AR VR A G 4 v T g e
FIHRCR , AT BRSO
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Table 1 Contrasting effects and mechanisms of biochar on greenhouse gas emissions

I B U HERL 275 30k PR 2 AL 225 30k
Mechanisms of carbon sequestration potential References Mechanisms of greenhouse gas emission References

P TR i R A I P R R PRk B A R R K AR A HLB K

FlE R [43-44] 5 L, B T A BT B [57]
e AR, BT (K S R, G2 o

HEHE

iijig 330 NPT 2 0 [28,46,54] P S KR R Rk [64]
;g;ﬁ;ﬁ%@4@[&%@%&&% 120, 23,45-46,51-52] H25 pH (kT A HEAT DU BERE (230607 (LA [57]
WS A I RE T J e MR IAT DL 19 5 [ 4849 5 T AR DL R B P [45]
IR e, 0 - e [43] B P B B (AR [22.45]
VAR R S N, 0 A [28.45] B b BT A [45]
/N HES N A WA N Ik [10]

FasE s AR A [23,38-39]
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He=
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WA BTN A W P 28 S HE RS 3% i s i HH i (38 1) 7% Purakayastha 551 fif
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FERi , fr e, A= it AR i 1 30K o3 KonT P P HLBT & &, T REFEHEBR AW fk . B, Wang 5557
SR, AW BB AR A A HUSEAC O fT I VA LB , AT REJE RO AR ¢ a) 42055 1 8% pH {EL, 3 T
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+- 3¢ pH % -3 N 5 R K, KB pH RIS 2 N 9 ki) B2 3R | & C/N J& B PR IR & i
HIRER G N 75 pH 28 F fAHEER it 1% YRR BN R=-0.709 (P<0.05) i 3%t
YIRAH KRB R=-0.753 (P<0.05) , I}, pH 2 32350 K 25,
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Table 2 The effect factors of greenhouse gas emissions via biochar addition

M A FK Influencing factors R Effects 23 3k References
AWy 5 JFURL Biochar feedstocks AR W L TR A W o [65,72]
BRI Pyrolysis temperatures Jh, o 7 AR Tt o 5, — M B 500—700°C [68,71]
Jiti & Application rates Jit P e R [l 258 e [60,75]
43 pH Soil pH pH K, C N & fLAE B I [4,10]
+ R Soil moisture 70% H [R] 45K 0™ 1 o fie 19 [64]
IR Soil temperature RS R, 0 RCR [64]
FHEH LT Soil organic matter AHUBT &, RBC IR, S 22 IRk [22]
A% Climatic factor P AE H = TR [42]
EALVEH Aging HER< T2 TR [57]
PRI ] Test time I CO, T2 | 5 KRG [22,58]
AN AESN Anthropic activities S5HEYUIE ALNEHE it B ¢ Bk [42,37]
1.4.1 AR
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HICRM 6 C N W5 BRI AR SEAE 7 S TR) JEURk A 4 i T e D 58 25 R 90 < K o A 0 ok s T
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KEEFHETARETE BN REFF ™ 2848 K5 A Wk & I v %2 sHER R g 170
1.4.2 jfifHE
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FHREARL,
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RAR G L e A JLR ™ B  ca) $05 T HHER A O RRAR K IRIEEY AR K FI P00 b) fE R AR
Pt s e W e IR B AR 7) AR T 5 & SR EVE W IR N B0 56 8 2R 80, IR ARME iR N R 4 08 &
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VE ERERIEASEMRERESE Y b) R g EY B TEWRNES R ™,
L it L R 18 0, ARG 2 38 ) Mohamed %57 B FEIN R 1.5% it I B F2 40 A3 1Y, BERRAR A 2 4 TR A
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Table 3 Contrasting effects and mechanisms of biochar on crop yield

P A = AL 27 3CHik Reg AR A FH 7= H AL AR EXBUN
Mechanisms of higher yield References Mechanisms of yield reduction References
AW e B NP UK 3R 4 i R [44.83] HIE T K S BB R R, 1064 (98]
AR ’ YK

et PR AL PR B, AN K i pH L CEC - S

sty SRR T [62.80-81,93]  pH LR, MHIRRITS) [17,98]
R e T R B Y o~ W RS0 5% 0, R RSO L I T R

Pty WA R v IRy K LR [20,42] (A Fo 4 Bt R [58, 80,89,99]
W RS ey, WA TS S W B 1, D0 A ) [84.89]

A :

BB AT B B SRRSO 16.20,80] /ARSI, WK [5,17]
P A o5 A R, B e T R R [83,87]

R SE 7k G L L G [85]

Pm oK R R R R

TN 13775, %4

HEF TR AR [37,65,80,86]

212 EETERS

H W i FH R i e g I im0 R R A K R R AE R A KA R AT A e
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TR A SRARTE B s b ) 45 e T 2 bk BH S 1 40 Ca OSSR RE J1 , I DR BE A0 20 B/ T 5 o) 8 e bb 3 1 AR
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LR PR i FE A R X6 A 0 e AT B A 00 AR i X A i B ) S A kP R
J& As .Cd .Pb 2 PAHs [ & &M AK T 12—100mg/kg . 1.4—39mg/kg . 70—500mg/ kg 4—12pg/g ™ | 2) F#AK
TAHRUK S, Carvalho 257 WFFT W, it FH 32t/ hm® A A 5 A 4 2 b 7K R 7= 15 TG R I, ] R DR O 2 ) 0 b
8T B YA BOK & & X E AR T AEW ot A HLB SR FHE R 3 3) R C/N L, BRI 2L
N A& R ) - T 3 pH, A THR R TG 55) 37503 5 AR KL Buss 2 80 T 19 Rl
Yy o i 2 T B AE W R B TG R 2, R WD 19 R A h K TR B R RS i, BREWM K TRiEE T
THESE R K pH M TR TR, 6) ARG TR (U0 Fe  Cu) A R0, M4 36 7 A RO A5 7)
AR5 w BRI, HL B TR T ey St FH 2 15, AR R B2 it o A R 32 T vy, 2 ) e b e T AR Y
K, W B4 5 R 4048 0 5 Seneviratne 25150 K Xu ZEOIESE T B A W) s TR AN, HEEA R NP &
IR ES, —E 2R,
2.3 EmMHEZER

AR AT ARAEW) A A RO AR 5 A HT Bl A= ) ¢ 218 B R Aok it B | T 338 2 1Y e FH it | A0 (9 AR Jm] T AS [] (3
4) I8 ORI R R 2 FEAS R A AE R BT L A — 3, Hagner 45 VBFFT A Ry, MEAHE B 0% 14 it A5CR:
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Table 4 The effect factors of plant growth after biochar addition

SR 2R Influencing factors SR Effects 27 3 References
AR5 Biochar feedstocks WS TEF > W AT o> AR BT Y R [19,61,85-86,100]

IR (300—400°C ) il & A9 A= W e, XoF - 8B AL 5 ( 4

= W) I T sis > , o 5 -
Sa st e e S Jeli Bt B I O P PR s R E 0]
Jiti 15 Application rates FAE RN 1.5%—2.5% , HAEBE 5% [89-90,98]
HRbSHLT A . S o
K Soil types *g;;iﬁﬁﬁj:.m@i>ﬂﬁﬁi,ﬁmﬁﬁamﬁﬂ—bﬂﬂUﬁ [35.61.65,88.90]
=
SR Climate types T (F) RIX>HIEX [18,81]
231 YRR
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SHVEIR A PR BRI 5 282 W ok SRS AT A W e > A o A 0 o 380 280 e A 40 e > AR i A g e 101 3-80,1000
FE Iy Ve A e T 4 B IR A S BT R A AR F AR . AL, Paneque 4 IIFSE I A
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AR, 340 55 b A I A T I M SR A G
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N BRAR )= B 1T 700°C i £ 2 4 2% it T, 2 A 50 e B 1 o IR S 4 ) S R S M, Wang 2561 B 5%
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