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Effect of biochar on soil nitrogen cycling: a review
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Key Laboratory of Nonpoint Source Pollution Control, Ministry of Agriculture/ Institute of Agricultural Resources and Regional Planning, Chinese Academy of

Agricultural Sciences, Beijing 100081, China

Abstract: This mini-review paper based on the ISI Web of Science database and employed the literature retrieval metrology
in combination with inventory of qualitative data and summarized the effects of biochar on soil nitrogen cycling. Based on the
effects of biochar on soil nitrogen cycling and searching of branch topics, data arrangement, paper classification and topics
analysis, this paper gave a detailed overview of research progress of biochar effect on soil nitrogen cycling overall
international research status as well as in different branch topics both in China and abroad. The main aspects included were
biochar effect on N, O emission, nitrogen use efficiency, nitrification rates, adsorption of soil inorganic nitrogen
(ammonium/ammonia and nitrate) and nitrogen retention by microbes. Nowadays, the developments of effects of biochar on
soil nitrogen cycling were quickly and the number of published papers were also increased. ISI Web of Science database
were used as a basis to retrieve the Scientific Citation Indexed (SCI) papers and a total of 2468 SCI articles were published
until June 2014, including articles (2188) , review papers (93) and others (177). The European and America countries
such as America, Canada and Britain occupied the obvious advantages in this researching field and China has become the

first country to published papers in this field since 2010. Meanwhile, the papers mainly focused on effects of biochar on soil
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N,O emission and nitrogen use efficiency, accounting for 73.7% of the total number. From the perspective of the above six
branches, it is controversial about the effects of biochar on them. Most of the reports indicated that biochar could inhibit soil
N,O emission, and improve the nitrogen use efficiency, the soil nitrification rate, the retention of NH,/NH,/NO; and soil
nitrogen assimilation by microbes. However, some contrary studies suggested that biochar could increase soil N,O emission,
inhibit soil nitrification rate and have no ability to adsorb NO;. Biochar type, biochar aging, soil type and soil water porosity
were the main factors affecting the influence of biochar on soil nitrogen cycling. This paper discussed the dynamic and hot
pots together with some main conclusions of biochar affecting soil nitrogen cycling comprehensively. It sheds lights on a
better understanding of mechanisms of biochar effects on soil physiochemical properties. Moreover, it provides some certain

references to agriculture application for biochar.

Key Words: biochar; soil nitrogen cycling; literature retrieval metrology
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Table 1 The research institutions distribution of SCI papers about the effect of biochar on the soil nitrogen cycling
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Table 2 The journal distribution of SCI papers about the effect of biochar on the soil nitrogen cycling
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Nurber Name of journals Number of pl?bhshed The pr()p(')rtlon of the

papers/ piece total published papers
1 SOIL BIOLOGY & BIOCHEMISTRY 127 5.1%
2 AGRICULTURE ECOSYSTEMS & ENVIRONMENT 124 5.0%
3 NUTRIENT CYCLING IN AGROECOSYSTEMS 105 4.3%
4 JOURNAL OF ENVIRONMENTAL QUALITY 99 4.0%
5 PLANT AND SOIL 88 3.6%
6 BIOLOGY AND FERTILITY OF SOILS 86 3.5%
7 SOIL SCIENCE SOCIETY OF AMERICA JOURNAL 61 2.5%
8 COMMUNICATIONS IN SOIL SCIENCE AND PLANT ANALYSIS 58 2.4%
9 SOIL SCIENCE AND PLANT NUTRITION 50 2.0%
10 CANADIAN JOURNAL OF SOIL SCIENCE 46 1.9%
11 BIORESOURCE TECHNOLOGY 44 1.8%
12 SOIL USE AND MANAGEMENT 41 1.7%
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15 APPLIED SOIL ECOLOGY 27 1.1%
15 SCIENCE OF THE TOTAL ENVIRONMENT 27 1.1%
17 AUSTRALIAN JOURNAL OF SOIL RESEARCH 25 1.0%
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19 GEODERMA 20 0.8%
20 CHEMOSPHERE 19 0.8%
20 SOIL & TILLAGE RESEARCH 19 0.8%
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Table 3 Effects of biochar on soil N,O emission
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Table 4 Effects of biochar on soil nitrogen use efficiency

WIS A A Wy %ok - S A T A 1) S ) E= PN
Biochar type Experiment type Biochar's effects References
AR (8] 56: - 155 5 ( Sorghum sp.) i ZUEA % 60.8% [26]
BEFEA Y R AR - N (Raphanus sativa L.) 5 IR R 2 P B 429%—96% [27]
K TEFYE YR FARIAIK: - Ferrosol 13 (pH4.2) &7 T Ferrosol - 8 iy 0 AL A FH %5 X% 1287
(pH9.4 5 8.2) F1 Calcarosol 135 (pH7.7) Calcarosol -3ETC i} 3 52

=Wy a FEARIE - oK P FUIE AR, FOR A L 2 1% [29]
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Table 5  Effects of biochar on soil nitrification rates

EX7/p el 2 AW - SR AL R A S 25 3k
Biochar type Experiment type Biochar's effects References
Ape FH [ 3 AR HE R LS A [34-35]
HRAERT A=W 5 FENIFRAR B U I P L A R [36]
FORFERT A= ¢ FET ] i 28 A 3 SR AR M - TR AL A (109%—69% ) [37]
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PR T et e A A R B S R RN SO 4R R AR AR R A B
AW A FETEVE FBAE B9 (N IR T5 182 JE 9] - 9 an fb R A 8 B /E HIAIL , (E BE & AL 9 i # fkad 72
FIREL: , BEAE IR S X PR A e m] WL, A= ] 3 o AR - S s o LA B A R B A S i
TR - EfE AR | T ] AR RUKOF
2.2.4  HWRAT NH/NH, W50

AR NHG/NH, A3 AR 58 A B R, a3 = 2 22 1 48 SR} B A ) o il 86 2ot i vl A0 o 1 8 19 52 T
(%6),
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£ 6 £HxRIT NH;/NH, KM 8IS0
Table 6 Effects of biochar on the adsorption of NH;/NH,

YRR RACTRE/ °C AWy A% NH /NH. W B A8 5200 27 3k

Biochar type Experiment type Biochar's effects References
XYL 78 mg/L B9 NH W B9 R RE J1 4 0.852 mg/

Pt 600 5978 me/ 4 Ll me ra1]

g,70d A/ NHE-N #3125 15.2%

MY AEATE T TP M XHRIE N 10 mL/L 9 NHG 35 30 WK RE F7 4 0.05—0.79

i, 300/600 /e [42]
INAERGFE  FORFEFE AL AL 582k XA RE R 100 me/L B9 NHG ¥ 98 A4 W B g 1 0 300

400—700 [43]
L/pd 0.9—1.3.2.4—3.6 ,0.8—2.3 mg/g
e _ }3% 3% F 5% W BERERE 43 08 /0 A NH-N bk m

& 22% 39%F1 47%

FEREA TG A= Wy 7 — 194 W) fg ik > Ak v NH -N ks & 15.8% [45]
H A2 ( Cryptomeria Japonica ) 500 8 /NS XU SR 100 me/L 19 NH; 2 BR %] 55 100% ; 46
KR 24 /NI YR 9 150 me/L B9 NH, R R 5 80% L H [46]
Tl A ok 500 XYk BEH 7 me/L B NH, W5 4.0 mg/g [47]

AWtk NHG I R RE g 3 255 A A T BE AR R pH 88 VARG A i) ) 28 B8 AN e Y pHL {HLRE %
P AR B NHG B RE kR T AR IR N pHE 23 5% i A ) ik 1) BH B T A8 H6 g
(CEC) , M L4 i) CEC BLAZHRE T HXF NH; MR HEE S 0 ARy CEC 2ok A Ak i AL PE
PR A WU FFER . Cheng 251 78 30°C F1 70°C &0 T TR T AWy 5 0 L My Rl A= By e 30 1 5 1R 56
(4 1), G5RFEW 70°C EART CEC BN (53%—538% ) , e EE RN K A TRIET REH ML, Mk
B RER iR P AR R B NH (9 B 7 Asada 5557 WFST R BLBSAR IR IR B 1 45 1) A ) o
HAA TSR 1Y NH, W BRE T, JFa i v B e PR ol 52 30k 5 , 5 e 1 P BE 23 AR A o P R M g
RS, R TR A N, W RRERE g s AR A BN B AR B B A0 3 ot R BRI i B I 1 R 3R iR NHL BT, N
NH, $2 {5 5 22 A W8 B2 5, T R R 388 A 0 e 4 NHL, B W BREBE 007> B2 FE R 25058 v, A= e it
NH/NH, 5% M 4138 0 IE RN, BRI B R ) 32 26 W e il 25 JRORE AR TRLEE il 4% T 28 D R - 2R iy 5
WA K H R AR ST 45 R B ZE W, A= W% % NH,/NH, B [ 2 1 FH B R ARG i 52, Fegeoll se it i, s
o7 FHE >, HCIE [ 800 A2 56 4 T LAY .
2.2.5 AEPIHRAT NOS W5

AW SR NOS B B -5 P IELEE S UIAR 5C | Clough 251V 7R BL4% T 48 S IRLE L W aR e I NO; g
FYFER |, 32t 600°C )2 A M & A: NO; MR B S A T I 2, T >4 FA UL 1 T 700°C I, AR W A B
EI NO; WFHRE ST, iAokt 3 NOS W2 58 3R B, AR ok BB IS A3 A /b + 3 rp NOS ik, 2
i G AR W EFRERE L AE Y ZUIR R R (R 7)o

A=W NOS BE 1 32 kTR 2 ) S 25 1) 2 D DR o e AR IR R 1 T AE e R R
ARSI AT BE R S Ak R Rk B BB A, 30 10 52 0 25 ) e e THT FELAT , Sk NOS 1 W BB = 5 114 [ 8 7 5 46t
P R SR — SR A ST TR S I A ) e B2 AR IR 1 R A R T 5 A ) e I L 2 T BRURT L
REAT BEMCHEDY | AW IAN , BEZE A=Y 5% pH (pH 3—7) BIFFAR, A 9 ¢ 3 18 15 fL A 389 0 RE A% 12 1F
NO; AYMZ ) Ohe 45 FFJRAY AT HEXF NO, ™ B SHA I e, pH 2.4 B9FMERE R AP sexd NO; ik %
e BRCR
2.2.6 AW A U AR B REE R S e

H HiAE W 5 3R W) S R R E R I 52 4508 e isUrEAe R, ARk At 3 W 8 3R R
FRRIL A 2 A AP A A T T P A e v 3 A — o 1) ) R A e 4.4, 30 3 oy ok vk it A4 T s o w1
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SRR TR 08 T A 6 P S 3 R T O A IR Ry A W i R i st 39 o 4 2 ) A
HEEME T Zackrisson 554 HLIE P BV 7= A 1) 2B ) e ELAT SR FL 45 W RN SR THTRRAIE , REAS W JfF K
BE2MALAE Y, AP 2 WA A AR IR, B T X R TR WA SRR A [, R PE RS H K
R Tt AR B (20 v/hm® ) FRIFGT B, A e T i 35 88 i = 38 v i NH ONO; 75 2 DA AR R i R Rk
K, FERB TV R EH B BERRAR D I AE 9 et + 3 A: Yris v s s/ N R B3 e
Py RO T R R R

Rx7T E£WRIT NO; AT
Table 7 Effects of biochar on the adsorption of NO;

H IR WAL/ °C He R AT NOS 8 E =PI
Biochar type Pyrolysis temperature Biochar's effects References
T 2R R 800 X} 20 mg/L NO3 I R KIGE S8 0.44 mg/g [58]
400—600, >700 ANE& W NO3 fIfE S

Mo 900 X 10 mg/L NO3 ¥ i KE6E 71 89.46 mg/g [59]
% — X} NO3 iAW B EE S 1.95 mg/g [60]
IR A T B %f 34.4 mg/L NO; VTR IE 11 R 0.02—0.64 mg/g [42]
A= 3¢

X 2.5—5 mg/L NO3 ¥R TR B RE T 0.02—0.04 mg/
) A= W ¢ 600 e PR 57
e g;%F 50 mg/L NO3 ¥R FI M RE ST 9 0.19 mg/g [57]
1% 2% F1 4% LW 5 RERS 43 5 > LA o NOS-N 24t
WK A 28% 49% 58%

2% MR o A R NOS (34.4 mg/L) AR B s i

FRFEFFLE Y% 500 [61]

AT P mHINEAE By a 600 ’ [42]
i5 34%
At 2 gy 21d, 1% L5 AP B4R TH -+ NO3 Ay 23 ik o 11 val 4
[ ER 600 % 25% [57]

L5 LRTIA A B L HERAE IR | BEVE TAE R B B PR, ks TR e B P ORI
Yy tE e Jm M A 2 07, B AR AR M B B S I 25 R AR — 2, I, AW i T4l AR
7 REZ N M RPEY) N B S P S

3 RE

Wt e SO A RS Y Uk ) B AL, A= e A - SR PR A b 9 VR FIAL A 52 2 R B 22 A9 5C 1
SR, FRTE A BT TG BIBT TSR, se R W T HATOC T A 5t R PR 2 Wi 1 gk 9 R R AR A
BREK) , 3B A7 AEVF 22 B AN 2 PE AR i DR DR, E AT AR 2508 A RIS 28 5k — 2D OB SR B e A 2 6, XS
BRI HIERAGINE A 6 >0 SR AEE AT DU LR

(1) HE W 5 A T B 30 22 2 TR Ao A A R ARG L 2 U HR A S5 VR T g A 0 5 0 Bl S A8 1) 32 T A AL
BEETEA R R AR K 5 K PRI AR AP A FIIE i R S A FT A S 3 8L

(2) BA M PR 45 SRR Wit T 22 W o BERS S v AR AEORE M TSR 18 H A7) ke A 4 30 5 07 1080 F)
L4518, 5 BRI I

(3) ANRIBBFFEHE LT LY R I AL AR A A E I " 13 B B 45 e AR, sk S AL A9
BT, N, AR R G T BE Gl A W i) S B FHAILRR A A, A= 0 A 52 ey s £ R0 B i A1 S 7 452
KA B AR

(4) E—PAER - IRAWE S RGP TR R R B YR AE B ST, S W B R 9 e k) S
R B ERIMLH A 1 T BL,
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