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A Review of Research Advances in the Effects of Biochar on Soil Nitrogen Cycling and Its Functional Microorgan-
isms. WANG Han-kun'", WU Yong-bo"" , LIU Jun-ping" , XUE Jian-hui'*® (1. a. Co-Innovation Center for Sustain-
able Forestry in Southern China, b. College of Biology and the Environment, c. College of Forestry, Nanjing Forestry Uni-
versity, Nanjing 210037, China; 2. Institute of Botany, Jiangsu Province and Chinese Academy of Sciences, Nanjing
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Abstract: Biochar is a kind of highly aromatized insoluble solid matter produced by pyrolysis of biomass materials under
partially or completely anaerobic conditions. Biochar application can change soil physical and chemical properties, strongly
affect the habitat of soil microorganisms, influence the community structure and activity of microbes for soil nitrogen fixa-
tion, nitrification and denitrification, and thus affect the main processes of soil nitrogen cycle (nitrogen fixation, nitrifica-
tion, denitrification, etc.). This paper reviews the published literaturerelated to the effects of biochar application on the
main processes of soil nitrogen cycle and their microbial functional genes. The analysis results indicate that biochar appli-
cation improves soil permeability, raises soil pH value and the effectiveness of soil carbon and nutrients, and significantly
increases soil N fixation by 15%~-227%, soil nitrification rate by 28% -200% respectively. But it reduces 20%-73% of
the total soil ammonia volatilization accumulation and 11%-78% of the soil N,O emission accumulation. In addition, bio-
char application increased the gene abundance of nifH and amoA and then promotes nitrogen fixation and nitrification in the
soil, The biochar application also increases the gene abundance such as nosZ and the activity of N,O reductase fittable for

the denitrification of soil (final conversion of N, O to N,) and suppressed N, O emissions. And this effect will become
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stronger with the increase of biochar application rate. Furthermore, impact of biochar application on the soil nitrogen cyc-

ling and its functional microorganisms depend on the types of biochar raw materials and production conditions. Different

kind of regulatory genes have different contributions to the soil nitrogen cycling. Under the action of biochar, the soil pH

value and nutrient availability increases, and AOB may contribute more to soil nitrification than AOA. Compared with other

regulatory genes (narG, nirS, nirK) , the gene nosZ seems to be more important for the soil denitrification. Therefore, t is

necessary to further explore the effects of the biochar application on microbial functional genes for soil nitrogen cycling, es-

pecially the specific contribution of different kinds of functional genes to the nitrogen cycling process and factors

influencing them in order to deepen the identification of them.

Key words: biochar; soil Nitrogen cycling; soil microorganisms; functional genes
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Fig.1 Main processes of soil nitrogen cycle
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Table 1 Effects of biochar application on the soil biological nitrogen fixation in different areas
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CL LT IH wbEL BRSO H A 350 5,10t hm™ AR + [20]
1] L R ML 5% s 220 5% .10% AR + [21]
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Table 2 Effects of biochar application on the soil ammonia volatilization in different areas
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Table 3 Effects of biochar application on the soil nitrification in different areas
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WY, R AR ) o it T 4 v 1 2 R B Y 0 0
P, HL vy AR TR T RE B 20 B X AR W e Y s AR AR Y
TUBREE S, DR R A= 0 e b 238 Tl AR TR amoA. 32
BERIFIR , A ZAH T amoA, {H DUCEY %% 3
6 I~ H 35 3R 08, W5 3 A W o A7 76 B 540 B
amoA FEWF . ZHANG %' ik}, AOB i1k

VI B Sk AT RE B K, SONG 20" A, R 7E 4R
YipALFERY ek AOB L AOA W HIFE S
Bt Ak AT T S AR AR OGP | AOA J2& 3l fh i R Y
HES 5, —T0 R4 R BoR, YK
S Wit FH AR T AOB 7 amoA [ FER 35 U1, AOB 7£
et A ) e s e SR AR AR T B R R HE T G
SEAE D, MR T AR R A BT B AR AR AR AR Y
6. 1%  (HAER A Y i N, o A i AE R
REAALER A G 3 S, X e AR
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FASS 1 WA B 2 05, IR 3h - 3mSR S 2
1 NOB FOVEFHEBE Z 00, A R Tk S8 AL R s R 5k
S ER L 2 E AR — A R — 0
WH5E R, ARl AL (AOA (AOB (NOB) X 5 5 1
A 30 (P o7 A7 25 57, 58 5 TR R A ) e . 8
IR T 13 AOA F1 NOB MY £ & (HEB & T
AOB AHXT = s NOB &5 M) 4 38 50 7% & 1) 2 A
K, MAJE AOA F1 AOB, 3 518 KE A= 4 e 3 3 AR
A PR AR S A A FH R i 28 S S AR L, DT 52 )
TR IR R, i & 4% kb AR T AU AR
B R BRAIR T 3% 1 RUR A0 AR XU
3.3 AYpaFsim tIEEA YRS
3.3.1 +HIEpHH

+ 4 pH {H 2 A AL AR Y e R N 2
— 5 - RV A AL B VAR O, 45 ) S5
It PRI K B, i KAl R
pH {H 5 3 AR, BRI 3R] T 1k B
FAR Hf i pH 0 6.6~8.0, W H &GN
B it 28] - 3 el e 2 B 3 pH (L, AR T
IR A A K, XU 2T BF g I it FH AR
s S -4 pH (H AR L2 e W iR A L
FEMREHE T, 5 AR 56. 5%, T HERHLE
Py(4n AOB 1 NOB) 5 1- 58 pH {H Z [A]££7E 1k & 4
SRSt FE A e ) - S AL B SE R B R TR
ZRRT - g e W 3 v it FE A 9 R X i
BRI € iR A | 0/ N B
pH fH /2 AOA Fl AOB KA A4k B A
VFEWF A T AP it H G , 14 AOB 3L [H =
FERT AOA™P1S) SR H T AOA FERRTE A5
A R, T B P R PR SR AT R T AOB R
KO0 DL R R A, 1 pH (R A W) it
5T R0 A AV E A RSN &
3.3.2 A&

2= A B - B Ak TR 1 58 v R )5
P F A ORI o2 |, 46 U & i A K
STTIAHSCAE AL, B Sk il A VR AR 31T - 8 400 ]
FURYE, 38 v zs SRR S i il Ak A FH 256
FE AL FAE 60% B VRN FL B R Ak ik 31
(B T A A B B N L AR T - B A K AR
HL7? PROMMER %8 #F 58 UE WA, 24 9 9% 47 7E K
T EAE LB, ZE X SE LU, AOA FI AOB £ 2
WA e, BEn A REHET =T, -
Bt 5 I AR S LT Be AR M Y G &
I WLARE A e — 25 R AR GG

4 EYRMTERBEUERRENERME
A

SAEAAE BN & 3 NO,~ 78 IR S 2%
Tt — FR 5 KA A AR P R T A TR
NO,” \NO N,O N, {2 Y (B 1) ,iX 4 4
T RET B I IR UCIR N 2 (1) nar 5 1R 2 B A i 1R
AR5 (2) nar K& DX G A5 1 IV i R 3k 38 D i
(3) nor B PR Gty i — AL ZUA L 5 (4) nos HE[H 4
T AL E L T, SRS AL A W Tz A T
TR T A A T T A4 R TR B ( Pseudo-
monaceae) . 4 71 £ B B} ( Bacillaceae ) | £ #T & Ff
( Halobacteriaceae ) | # J8 B #} ( Rhizobiaceae ) | £ 1
W B} ( Rhodospirillaceae ), W £F 4t H F)
( Cytophagaceae ) 5%

SR IS 3 AR pH . BRAT R S5
Z MR KT B2, RO AR & — A IR AR
ST RE 8% 410 T i TR k30 i g AR I ik 2 6
D 1) G B, 2 T AS R T R A SR AR VR Y
1o b, -3 4 i AN ) 2 S O s AL A ™
YI2H R 22 5 AR SR 1Y BRI AT A T A AR AT
RARET 3 pH (B2 %W Ak 1R F Y
HERRZ —  BRIEAE T A8, K24
SRS T 00 i 5 FR 0 Wy AT 1Y PRt v B A
TR, ELaRIR 3 i 0y [R5 = A2 o, , A F TR
SEIRBE TR RT
4.1 MERAEYRMTERELERNIIT

R B2 (T 58 2 B it ] A 0 5 Pl 0% i+ 38
N,O HyHEM (£ 4) . ZHANG 257 HF5E N, 2 3k
] v - DA B b e N Z RS AT AR R
N, O HERE > 10. 7% ~41. 8% , H i % it i 2 (0 ~
40 t « hm™) By 3G 0, HE A& FE R3S K, FUNGO
SEUOE KR AL e 5 E IR AR R R 20 d SR R
WLt 29% A= 4y 5 T4 - 38 N, O HEFC e /0 52% ~
78% B A= it FH N 2% 2 =5 3] 4%, 13 N, 0
SR = — b B WK 2% 5. SONG
SET SR AL 24 A A E )R 0 5 e A 4 R e
Pt NTAR L HE N, O RS2, 25 R R B it 1]
Pyt A= Wy i AR A3 N, O HEji i, BRIk
SRS B S IEAH DG, KHAN 487 Hl BEAU-
LIEU 457 B 58t 22 W9, A= 4 7 i P 2 14 4 72 7 )
THZE LI N,0 BHEAL. BRASSARD 45 X 76
Tl AE WA RR PR AT I S 0 U 3RS R B, A 3
% \C/N H s A2 9 ¢ BT 4 FH T 2 ik 108 N, 0 119



- 696 - 4 SN

5 & K W K o

o 38

HE, CAYUELA %5 8 T AL 258 . A=
R C/N H<10 B {2 13 N, 0 BHER; C/N H
9 10~30 B, N,O Mgk & & A 8 3 004 ; C/N He>
30 B, N,0 HEROs A, H RS it F A 4 bk
AT 1 549% 19 N,O HERk ., I H, AEWRXF N,0
HEsl 052 it 25 B T 2R W ok B SR AN R
AW E RS AR A AL R 25 i b
N, O PR, T it FH V5 U6 ¢ W) 25 42 1 N, O I HE K ;
24 R B R, N, O HE BRI RS

*4 ERAEYRNAEMEXTERHEERZME

AMELOOT %)ty 12 18 T B A 45 2R, F2 il R 855
Jiti P 2 A0 EAH ) 2% A7, it T 350 °C +fil 4 1 3 3%
FIHIAR A Al N, O HER A 310> 19% F11 36% , T
700 °C il # AR FIMIA A= 9 e f N, O HE 4351k
> 60% M 67% ., 3 —TFoE 45 1) o, A it
HEWIRIE T 30.92% 1Y 3 N, 0 HERL, {HX Fhie
M) 7 5] A 9 i SR it P £ R A SR (M L pH
f8) B FE7

Table 4 Effects of biochar application on the soil denitrification in different areas

. . , W A + R Ak X

R R BRIk JER SR/ °C it H = N,O HECE:  narG  nirK  nirS  nosZ Sk
BV mEL L SAUA] e 450 50 t - hm™ + 0 0 0 [27]
dmEr Wikt AN FORKFE 450 50 t + hm™ + 0 0 0 [27]
(R4 A 1 ¢ EWNKEFRE O RERF 350,500 1% 2% 4% - - [59]
Rt L EWFFE O BRERSFE 350,500 8% 0 0 [59]
LigRT el = R SR 43 350,500 1% 2% 4% - - [59]
AT Pt TSR R 350,500 8% 0 0 [59]
RO R+ Fk FAEFEFE 500 5% - 0 0 + [60]
THEM Mt EWEFE O BERERF 500 2.25 11.3 t - hm™ - + + +  [e6l]
TTHAEM Wit EWRE O RERF 500 22.51t« hm™ - + + + +  [e6l]
BT ekt EWESE NERF 400 24t - hm™ - + - + [63]
MEEE WL PN NZEAF 350~550 20,40t - hm™? - [75]
HIE it + ENEFE AW 550 2% 4% - [76]
@ lling izt + TN R 350,700 10t - hm™ - [82]
e lliny etk + EXAEE I N 350,700 10t - hm™ - [82]
INAEEMN L AR HAFEFE 800 1% - - - +  [84]

BRI = R R 0" For R

AH L T B it FH A= 9 e, A= o 5 N RE R B
Jite 6 A 38 S Al Ak VR Y 52 e KSR O [A], WEL
SN AW AR S R (IR ) [R5 e - AR
FIBFIE R, it A AL &N F 60 kg « hm B, £
JE it PG AR T 358 N, O HER B FRAR 8. 23% 5 4t
RNEE KT 60 kg - hm B it FH A= 0 % (8 145 N, 0
HEWC B3N 18% ~26% , CHEN 2515 §f 58 2 W1 | it
NECRER) B3 m AT A Y 5, K- FBUN,0 HEk
T MU AT g BN 49% . X FTREE B T AR
Yy T PR AR 0 T L R AR B B4k,
M 520 N, 0 HER I, LIN 26057 3 i %= 5 57
RIGHFFE T HEYIR 5 PR ZE ST 135 N, O HER A 2
SEREH H53R 45 d 5 4% B 5IRE LT Y
4% N0 ZitHER ] 17. 89 mg - kg™, & i
NEALEERY 3. 56 1,
4.2 HERA%EYRX TERBEAMEYHZNE

S AAE FH 2 A8 A0 W R HE ) B R AR, 32 1
AR A AR NO, ISR NO,” EE i

narG 1 napA JEPJA{E . —IOFFE R, A= W)k 1Y
Ji A 4 3 narG R F2 BT 13.79% ),
HE 25V B 5e A, it FH AR 4 ok B 548 85 T narG
SER 8 DU, B = it FH A= ) ¢ Qnn] 52 1) napA
FERFRIR A RN FE . nirK F1 nirS 2 JHE NO,” 16
J5 o NO B O A, HL Ay it 4 8 e i A AR
FHBIRRICIEE S BEFE I, A 14 it P o 25 348
JNT nirS nirK (nosZ DR G #5 DU DI R IR B =
U SHI AP RIFSY Ht FHZE ) e i 2 R AIG
T nirS F nirK &R 0 $5 DU, 208 80T nosZ
FED A P5 LA, 3k AT RE R A R e v ok 0 2
FHAIZHD A Y eV T S5 A 25 S T
R AE Y R G 1 N, 0 HERCZ 2146l H
nirS .nirK VL } nosZ 55 3L A9 B FUA BE H T8 78
N,O HIHERL, A B4 5 N 2 5 R il A A G 20 38
AR XS S AEAAE T ) ST RR AP AE 25 57 . — BB 5T
KB, nirK 5 nirS EE HES N,0 HEia 2 A1 477
BFEEMIER, HEA nirk Fl nirS 5 (14 54k
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A= WD e B R 45 DL LA B g 1 it ) e 4 0 5%
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nirK/nosZ HWAE" 5 J2 W] nosZ FEMK 5 145
N,O HER s> B A5, BLAk, XTAO 251 (i F 53
LERL IR nosZ ZERFEE S N,0 HEBUR: Z [RIFE1E
HHIEIER , XU %5 3 i A 06 & TR, A= 9y ok 14
BT nosz BRI A48 DAL, T XT nirK F1 nirS 1Y 3 A
FIEEA B, R YR TR I nosZ LR
SRR & 4 N, O HEBOR A 1 EZ R, VAN
ZWIETEN 25" i\, +4 N, 0 HEMs /b 352
H T nosZ JE N =F B X A= 9 o R el o o 8, A= W e
I AEHE N,O 38 R ) T P 3G 5k A AR K T
S N, O (R e ZHERL , XA s 98 MR 22 11 2 2
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4.3 EYmxFsintIE R B REDRIE
4.3.1 HEEHESE

3R A A AE B R A DR S IR A T
PEATEGT) DR b M S B s ) Y 3 R 1
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AR LB it 3 - S A R
WA, v BRAR S 5 SO A il B 1) 0 0 T
RT3 R RS AR AE . YANAT 260 i 1
AHBLAY 285 5, 78 5 /K a3k 78% My Zh £ i
10% W E Yo%, nTE N, O HECE 8> 89% , HFFEA
FOAA X Rl 2 A 4 e 46 T R BB T K
gy T Bl 1 3mSR TN, O By HERL,
LEVESQUE %' 5 11 338 d M35 F518056: , 0F 9T 1 e
FH 5% A5 8 il 2 SR HER G 52, 25 SRR B
A= ) e it ) 8 A T 98 N, O B HETR, A EE
T FLBR A A o, AL R A A 9 it FH ), 138
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4.3.2 tHEpHH

bR S b, I pH (R 5 e 1 4
TEALVE T B 2, SIMEK 2518 0, 24 4
pH A& T 7 B, B4 T 5 b AE 0 e s —
A IEE N VR SO ARAE PR 724, tE N, O B
SRR T, T R0 AR, H
it 1€ pH B (1938 KA B F N, O 38 Ji il 1% 14 1) 42
i, A SRS P A 00 58 42 SR (e h N, ) 0

PEREIRA %52 ik Ay, AE W 5 (0 a8 0 st & 388 17
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5 RE
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