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T E XAZENERMEEMN T ERRTE WA AT R 5L EE AT A (N,0) H# W& &AL
Hl, EREFREERE 6 MNLE, 27 LA A4 4 & (NOBO) | F # A & AL F £ 4 %k
(NOB100) . 7t i & HEAE 7 s A 4 4 % (N100BO) 98 2 20% &8 # 1 7 3 F A& 4 % (N8OBO) | #i F & JE [l
B A A 4 & (N100B100) A8 2> 20% &8 3 | [E] B 76 A 4 4 % (N8OB100) , £l /& N,O H#E & % A A
(NH, D) FHEEANO, )4 E; 2 XM I0 BEAXWHIRBEXERE, UHIFRREREEMED K
HHE, BROEEAALENOHM, FREW. (1) EFAFEFRRBALIELIE N,0 HikE xRt
EHETHRALTTEAS, 5 NOBO LA, A R EAE L FH wN,0 ZHHKE; 5 N100BO(
N100B100) 4t 3 48 tt, ,NSOBO( = N80B100) 4t 3 & Z i N,0 R R H A &5 (2) A FHR XL W18, 48 B &
R AT T, ALED KA ELEBRKIENOHH; )AL ELENOHEKELENI, S EELF
FHx, M5 LENO, 2 EERFAAMX;(4) MM EY RS, M R4 L3 N,0 H# & # (EFs) 48 4t
BN, BB A E AR AT H R BEREERL N,O Hk, HRERTHAERES £ 4k A L
B Z S N,O HERRBEE R REFRBAES L A LAR N ESRARF " URKLTHELE
EHEEEN,

KRBT AR BEAK; WH; 2EQN; Kb

Effects of biochar application on nitrous oxide emissions from tobacco-planted soils. WANG Chen', BAO
Peipei'”, JI Yu', SUN Qiao', LI Qingshan®, YU Haiyang'* , ZHANG Zhen' ('College of Resources and Environ-
ment, Anhui Agricultural University, Hefei 230036, China; *School of Ecology, Sun Yat-Sen University, Shenzhen
518000, China; *School of Resource and Environment , Anging Normal University , Anging 246003, Anhui, China).

Abstract: We investigated the effects of biochar application on nitrous oxide (N,O) emission in tobacco-planted
soils by laboratory incubation experiment and meta-analysis. There were six treatments in the incubation experi-
ment: no nitrogen fertilizer and no biochar application ( NOBO), no nitrogen fertilizer but biochar application
(NOB100) , nitrogen fertilizer but no biochar application (N100B0) , reducing nitrogen fertilizer by 20% and no
biochar application (N80BO) , nitrogen fertilizer and biochar application (N100B100) , and reducing nitrogen fer-
tilizer by 20% and biochar application (N80B100). N,O fluxes, ammonium (NH,") and nitrate (NO,”) contents
were measured. Furthermore, a meta-analysis was performed to explore the optimal fertilization and biochar applica-
tion rates to reduce N, O emissions from tobacco-planted soils using data from 10 peer-reviewed papers. Results
showed that; (1) N,O fluxes of each treatment decreased rapidly and tended to be stable during the incubation du-
ration. Compared with NOBO treatment, nitrogen fertilization significantly increased cumulative N, O emissions.
Compared with N100BO (or N100B100) treatment, N80BO (or N80B100) treatment significantly reduced the cu-
mulative N,O emission. (2) During the whole incubation period, biochar application significantly reduced N, O
emission under the same nitrogen fertilizer application level. (3) N,O emissions positively correlated with NH,"
content, and negatively correlated with NO,™ content. (4) Compared with other crop systems, N,O emission factors
(EFs) in the tobacco-planted system are relatively smaller. Nitrogen fertilizer reduction and biochar application
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could significantly mitigate N,O emission from tobacco-planted soils. These findings provide a theoretical basis for

optimizing fertilization strategies and biochar implementation to reduce N, O emissions from tobacco-planted sys-

tems, with important significance for realizing carbon neutrality and sustainable agricultural development in agricul-

tural ecosystems.

Keywords: biochar; greenhouse gas; tobacco field; meta-analysis; agricultural carbon neutrality

AR (N,0) B2 KRR — M EENIRES
K, 00 F N,O A AF RUBE 34 IR W 35 o — S Ak B
(CO,) HY 273 F%5 (IPCC,2021) , Ay + e = T % fY
N,O HERCHE, e 4o it , 4 1 N,O AEHERCE: B Bk A
9 N,O HERUE Y 35% LA L ( Davidson,2009) , %
FORREEE ML THEY @R WA TR
A5 g AR 7 R A A 4R AR 2 Ak 2 AT R
(RS ,2023) 2 d UMt FH A A AR R 48+
R R KB N,0 HEBOE i, [l s & S8R
FEI TR Y95 % I A] - 3R LL AR 445 45 R 9 RS [l R,
R AR 106 3l (%) T B 4 R 4, T 3 A R
TR R GE 11 N, O HEC K AL X5 55 B A 285 ft
g T RS & S B B S, Ak, s AR
I p= e A i B A A LT, s Rt e A A R
it S FRAR M 2R 40 33 N, O Wit B T

A= Wy it FH 85 O k2 — A Ak
JoT H e [ B D) RE A B 22 F- Bt (Liu et al.,2024) . #f
5% 4% B ( Baggs et al.,2010; Cayuela et al., 2014;
Ameloot et al.,2016) , A=) s jits JH A v 2 4 H - 1
N,O HEjilc, HAE Wit A 509 - 38 pH BT = ]
BRI N,O HE W B Z R 22— Bboh, A
Jiti FH 38 T 3 R AU T A R (s it AL
(DOC )) ok BR il /2 fg 1 7B H, W 2> N,0 HE ik
(Ameloot et al.,2016) , SR, AFE BB 5T 45 R H A
Gi— AW & B, AR it 6 4 NL,O HERCE
WER (He et al.,2017,2021b) , % Al GE 84 0
N, O HE ( Wei et al.,2020) , H:J5 K AT RE & 4= W) ¢
Jit FEXT 37 N, O 56 5T A 52 i AS B 5 sl 2 ] g
BN AN SRS AR R T RE BV 45 (He et
al.,2021b; Tang et al.,2021) . HMHBR G T, W5~
Jitis FHXE 338 N, O HE 1) 52 e . FF AN — 3% ( Huang et
al.,2019;Zhang et al.,2021;Tang et al.,2023) , HAf
KM R T i — PR ARSE . HE BN, PR
7 el R AE AR W it P (AR AR A R
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W ERGTAE M R 58 138 N, O HETOxH A 75 ik FH ) i)
N ML, B (1) A Rt R RS e A5 4 ¢

it PG AR 2R 45 - 43 N, O HRCAY 52 5 (2) 1) B AR
MR GE 1 HE N, O HEHOW A= 4 75 it i A4 T BE Wi 197 HIL
il 5 (3) PPAG R AH 28 5t 38 N, O 7R 9 20 R0 A
AW BNt RO, 2528 n] Dl D AR R 48 4 N, 0
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1 HEST®

1.1 A R b 2

P R 7 EARO A2 B AR R 5 T IR
TG I b JE] 11— R B AR (30°46N, 119°36'F)
X3 (0~20 em) 3% B SR E TR — H B,
BRI T FR 25 815 T, 3 2 mm i 45 H
M A S S b B AL N . 1398 pH 6,15 F HLJT
1846 g - kg' . && 1.16 g - kg™' . &#5 0.68 g -
ke ' 8 11.63 ¢ - kg BHAFA 102.49 mg - kg,
AR5 59.34 mg - kg HALHH 187.74 mg - kg,
FE NI IR 6 A H, 43 B A A jite FH 2 A
AW e (NOBO ) | A it FH &0 B {H it A= 0 o
(NOB100) . jifis FH & EAE At FH A= 99 7% ( N100BO ) | Jik
1> 20% F it FHAE AN it I A= 9 7% ( NSOBO) it FH &
JE [ Bt it FH A= 49 7% ( N10OB100) Ayt /b 209% & AR it
FH ) s it FH A= 0 7% ( N8OB100 ) , F:4 kb AL 3% 8 15
MEA,

FNREFRAR AL IR O 20 ¢ KT LB E
RN 120 mL P RR A IA 258 oK (A i
TN WX FHAS WS 24 50 A A LR AT e 34 59 43 A
F s PRRRK MR O 5 B A0 it AE IS - 25 K
— 3 (L 60% M FEK ), TREFA IR, KRR
W14 30 d, 55 EE R 25 °C, Bigeth M2 d =
FEIHR, 0.5 h, HAMK 1 IRARNTEH 28 K B K 5
e, RUIRSR IR 25 0k, 1F H ZIR AL R0 3.75
mg - kg™ (X7 B Ah A FH 3R 56 UAE it FH £ 90 kg -
hm ™), HEaUA 9 R K RE RS FF ¢, I F e ot Tl 8
IRBHE A PR W) B A IR R 500 °C A=W
Jiti FF A 200 mg - kg™ (R P AN K R 56 A )
JHE St hm™?),
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EBERE Bt Bl

1.2 MR N,O SRAEEF

ENREFAR TR 1.3.5.7.9.12,15,18 24
30 d FATAMARAE 24t 10 Yk, BRI SR AT,
THERT 6 h HATHA S H M, Bk, FIH 704
T FCHE L 2 50 101 e B 5 B 0T, R R 58 4 T 0
Jei A P S R B HE 24 it 7 0 PN AR B S D
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AL 5 U LATR ST I R PN AR SR Al A A =l
4 T S G R 4 20 mL AU, I ST BIEAT N, O
W RE B
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TN 12 AN G 3 AN (fE R 3 IRE R,
3 YCRFRAE AR B 3 A I i 38) . Bl S ¢
4 oKL S 2 1 B HBITINA 25 mL 1 2 mol -
L™ KCLIB, B 7E 25 CREIRIE D #% IR 1 h
(53K 250 r » min™') . PR7% 20 min fGERE S E, H
ML (San++ System , Skalar Analytical BV , Bre-
da, Netherlands ) %2 T #5383 - NH, " F1 NO, ¥R,
1.4 Hdsb 598
1.4.1 N,O HepruoRfm ZRHE MR N0
HefE R AN RAHE R AR AT

e (C.—C,)xp(N,0)xV

mT

A, F OB SR N,O HEBGER (pg N - kg™' -
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HN,O MREE (25 ARG FRIA N,O ¥RIE) (em® » m™) ;
p(N,0)4 N,0 725 CHHE R, HAE 112 kg - m™;
V NREFERAR (mL) ;m RTINS T+ 0+
B () T NP FHERRAER R E]FE (d) .

N,O0 RFEHEGE A XN

Eyo =2 (Fi+F )72 % (1, —t) x 107
- i=1

Al By 75 N, BB (mg N - kg, F 4

N,O HEHGER (pg N - kg™ - d™) i FoRE 1 OTUA
RHE 1, —t, 28 PR AR DN A& 6] B IF 1] (), o S DU
FEUK, 107 Ry BN A4 R A
1.4.2 DIFERISEEAERIIZHE R Web of Science
FIFR TR (CNKT) S99 710 %0 40 22, LA 0 757 A
“N,O” Jg biin) KR 2024 4E 4 AIE REW LT
FEIH R 58 145 N, O HEACHY B Hb B3 258l g0 v SCRk,
HEATEEZE03HT (Meta 23 H7) o O ERR I - (1) AF5E
SR R] 40 25 it AE (B2 W e TR N ) AN it A
(BIEH AR ) PSR B (2) WL 50 Hh A 25 — A~
SEREAI B A= A R 5 (3) SCHRTS & b B A ) 1)
PR (WAL &) (EREE A (R B AR B AT
2 ) LL & N,0 HE i £ %4 ( emission factors, EFs
(%)= (N AEAL 3 N,O HEA-ATit AL AL HE N, O HEjik
i) /HEAE X 100% ) AR BARAE R . T LA B i
B, Je 283845 10 F A ZCHK (Huang et al.,2019;
Yan et al.,2019; % W45, 2020 ; # #£ 5, 2021 ; Yao
et al.,2021; B4 E 55,2021 ; He et al.,2021a; He et
al.,2023;Tang et al.,2023;Zhang et al.,2023) , 3L}
32 ZHAH ST A RO

K Metawin 2.0 Z0 i I A58 A= < s o
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PR B AR EL; (2) THEEALE , B 20 Ao B 20
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HANHE AT 80 (n) BY IS0 Z F1 ( Meng et al.,
2023) , >k ¥ it 15 ( Rosenberg et al., 2000 ) i i3
4999 Y3k AT B BN {E B9 95% B A IX 6] (95%
Cls) ,#7 95%Cls 5 0 AAIEE, MBIV (B35 5 [
Z AR (TIPS, 2022)
1.5 St

I A s ] SPSS K444 (SPSS Inc. , Chi-
cago, IL, USA ) i 17 4b 2 73 #r, #1 FH Origin 2024
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HEzsc 1B R 3R 5 22 3 B (one-way ANOVA ) K 55
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Heisg HIBUR R J5 22 438 1 (two-way ANOVA) 4T
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Fig.1 Effects of biochar application on N,O flux (A), cumulative N,O emission (B), ammonium nitrogen (NH,") content

(C), and nitrate nitrogen (NO, ) content (D) in tobacco-planted soil under different fertilization conditions

TE: BB FORREVNG FREE R A B M7 AR 35 22 5 (P<0.05)

Note: Different lowercase letters in Fig. B denote significant differences between treatments ( P<0.05).

HE N, O HERGHE R 7ESE 1 K3k B 55 K AH : N100BO
REFE 3 N, O HERCH AR 5, 4 6138 pg N - kg™ -
d™', 1 NOBO 4b P + 3 N,O HEMUHE REAK, M 239
pe N - ke - d (B 1A), BEAREREMNBN, S
NOBO #H Lt ,NOB100 Ab PRI i 234 fin 58 N,0 &
FHECE (P>0.05) , it 2 AL FH (N100BO FT N8OBO )
WER I N,0 B, B IE Y 652% ~
1115% (P <0.05) (& 1B), %}k N100BO 4b ¥,
N8OBO AbFR{if5 1- 4% N,0 ZFUHE & B HRAL T
38% ; #H% T N100BO 4bEE, N100B100 4b HH i 2% %
X3 N,0 BFHHET i, B IR 3K 41% ; XF . N8OBO
AbFE N8OB100 AhHRAH 75 + 4 N,0 RFH &= 8%
FEAR T 74% (P<0.05, & 1B) , XN &) 220 Hr &
), RIS AN A 9 it X R 2 6 1338 N, O SR RHHE
it A B ENREAER(E L),
2.2 NH,"AINO, &=

Re R IA] | 45 A B 4 398 NH, " 5 S B 55 37 15 A
BT R TS (E 1C) . KiFRE T,
2% 138 NH, " & py s 3R N100BO>N8OBO>
N100B100>N80B100 >NOB100>NOBO (&l 1C), 5
NH, " & AR b , 7ERE R AT (1~ 14 d) , 45

AP - NO, ™ B S PG IR AE B R S
(14~30 ) TFZ(E 1D) , 4 11 NO, S
4 52 . N100BO > NSOBO > N100B100 > N80OB100 >
NOBO>NOB100 ( [&] 1D) £ [ 9 43 #r 45 J F 1|
148 NH," & it 5 N,O HEAlcH S 24 0 2 IEA G (P
<0.0001; & 2A) , 1M NO,” & &5 N,0 HEAHE R A%
B F M5 (P<0.0001 ;18 2B)
2.3 ARG N,O HEB R BN A w2 T
N,O I HFRCR

i 3k o3 A AT B SR A e B0, A R 4 1
F1 EREFAEPREMEYRERNEERSE L1
N,0 ERHHENNEEHTEHH
Table 1 Two-way ANOVA testing effects of nitrogen and

biochar application on N,O emissions in tobacco-planted
soils in the incubation experiment

F2UIISES A N,0 2Bk
Influencing factor daf Cumulative N,O emission
¥ DS F P
AU Nitrogen 2 355.73 511.73 <0.001
A4 /% Biochar 1 168.79 242.81 <0.001
FAExA:H5¢ Nitrogenxbiochar 2 49.16 70.73 <0.001
T Model 5 19572 28154 <0.001
122 Error 12 0.70 - -
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7500 o B
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Fig.2 Linear relationship between N,O emission and ammonium nitrogen ( NH,") content ( A) and nitrate nitrogen

(NO;™) content (B) in tobacco-planted soils

NOBO ZbHF-34 N, O HEf i 0.51 kg N« hm™, 1fij
N100BO Zb3#F-3 N,0 HEji &4 2.24 kg N + hm™;
AL UL E G N, 0 HEjk (P<0.001, 81 3) . 4
WA G N,0 HE R %L EF H 0.45% (0.29% ~
0.98%) ,%F LU B AE Y s M 28 VR AR W), IR R 52
T4 N, O HECR BURAR, X AP R 48 N, O HEl R
BHEP RN R B >/ INAZ > K> B 58 > 7K RS 7K Fef >
MHE (R 2)

Meta 7 #4552 W1, N0 i H 5 2009 N,0 HE
RN B 0.52(95%Cls:0.42~0.81) , iX 2 B AN
Jiti ] S 2 S AR A R 48 3% NLO HEk (P<0.05, A
4A) . X TR E S FH = S, /T 50 kg N -
hm > ZACE AR, U 2 800 N, O HERCSO (E
7 0.42(95%Cls:0.35~0.51) ; M 4 Z AR 50 ~
80 kg N + hm > HI KT 80 kg N « hm i, ZUIEitE -5
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Fig.3 Effects of nitrogen fertilization on N,O emission

Ji &R N100BO

from tobacco-planted soils

TE: o FORHH UIEALHE(N1OOBO) FIANIE FH (AL 31 ( NOBO) 22
[AI7E P<0.001 KV B2 5 B3, n FRFEA,

Note: The triple asterisks ( * * * ) donate a statistically significant
difference ( P < 0. 001 ) between the nitrogen fertilizer treatment
(N100B0) and the non-nitrogen fertilizer treatment (NOBO). The n val-

ues represent the number of independent observations.

1 N,O HEBCBONAE 73 3 0 1.48 (95%Cls: 1.08 ~
1.72) F1 1.74(95%Cls: 1.49~2.01) . AJ W, &5 &
HOAE AN AR G2 3 N, O HER R 2500 2 3 = FARAE
AE -+ ( P<0.001)

A=W it P i 3 AR R 2R 4t 3 N, 0 HEjik
(P<0.05,& 4B) , R fH 4 -0.30(95%Cls ; —0.35 ~
-0.19) . A[FIAHy it FH &8 G0, N,O HEE B
FRRAR (P<0.05) , Hord A= Wit FH &k /NF 10 A0
10~20 t = hm™ B, R0 B 5351 2 - 0.37 (95% Cls
-0.50~-0.32) F1-0.36 (95%Cls; —=0.52 ~ =0.01) , Tij
KT 20 t + hm™ B, BN E AL K - 0.04 (95% Cls
-0.12~-0.03) , A] UL, AN [] A 4 it P 2 5 B0
N, O HEBCRLNV A AFAE 1 3 25 7 (P<0.01)

3 it i

3.1 AWt X R AR 22 40 145 N, O HERL 1) 5% i
K AL

R B0 45 L W, NOBO 5 NOB100 Ab FH A
IHZR G4 N, 0 HEBUR 35 1835 25 5 /K 5F- (P>0.05,
E1B), X5 LA 5T 45 5 JF A — 30 ( Ameloot et
al.,2016;Wei et al.,2020) . DIAEWFFEZERM, A=W 5%
Jiti AT WY S I 12 4 N, O HE B ( Ameloot et al.,
2016) , 3% 2 & 34 0+ N,O HEAK (Wei et al.,
2020) ;1 AR B it 0 AS [R] 9 D DR T fig 5 AR
Wy M AL P o LA R BB TR A7 A 22 57
PIAHE (Tang et al.,2021) . AF5EH,NOBO Ab3 Al
NOB100 4b¥H 458 NH, " F1 NO,™ 7% & I KA I i 25
S (E1C F D) , W B A 4 i T oA W Jb 3 fn
FEACHIIR 22 48 38 N, O HEJB R AL 7T 58 J2: 28 9 e
Jite R o] LA HE N, O = A Bir s 0 ol R A &2,
X REAE W B A e T A HLER RN, O, 53K
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x2 AREMEMFRL N,O HERE(N,0 EFs) Bitb &

Table 2 Comparison of N,O emission factors (N,O EFs) among different crop systems

YEW 2 5E FEA it R N, O HEi &5 95% A 95% {5 2k
Crop n Nitrogen N,O EFs X[ PR X [|] 1 fR Reference
systems application rate (%) 95%Cls Min. 95%¢Cls Max.
(kg N - hm™?)
JKAE Rice 17 193 0.68 - - Yu et al.,2023
/INZ Wheat 20 101 1.21 - -
F K Maize 20 119 1.06 - -
B3 Vegetable 78 233 0.94 0.89 0.99
KA Fruit 208 403 0.84 - -
B Tea 221 427 1.72 0.25 5.09
JHEE Tobacco 14 66 0.45 0.29 0.98 AW This study
H{E Overall n=14 HfK Overall F n=15
<50 kg N-hm™ | n=5 <10 thm2}+ =8
P<0.001
50~80 kg N-hm™® =6 10~20 tthm® =3
P<0.01
>80 kg N-hm? 73 >20thm™ =t
-0.6 0 0.6 12 1.8 24 -0.6 -0.6 —0.4 0.2 0 0.2
BN AE Effect size B NAE Effect size
B4 FEGEE(A)MEYRERE(B) WEERSE L N,0 HiBHZERTI

Fig.4 Effects of different nitrogen fertilization (A) and biochar application rates (B) on N,O emissions from tobacco-plan-

ted systems

T SLTARFTR N S 5 A A7 7R 22 5% (A P<0.001;B: P<0.01) .
Note: Solid shape indicates a significant difference between this scenario and the others (A: P<0.001; B: P<0.01).

B AR SRS A AR FHAH DGR Bl R %) BE B IR )
T IR K EW B SUE (He et al. 2017 ;2575 11145
2020) .

5 25t I A0 38 ( N100BO & NSOBO) A It , 4=
Y775t FH (N100B100 B, N8OB100) i 25 [ [ A Al &
%t 14 N,0 2R (P<0.05, 8 1B) , HAAE A1
A=Y it AR IR 2R 48 - 38 N,O SRR = B A
BEWNLTAE(P<0.001,2 1), XUt & &1
T, E Wit R b 25 I (I AR A 22 48 1248 N, 0 HE
Jit (Huang et al.,2019; Zhang et al.,2023) ., 4¥m%
Jite R ARG F -4 N,O HERR A nT RE SRR A . (1) 4B
Wy ¢ 22 LS5 KA T A% WL R R 1 5 9 5 1 A RIS L, 1
PRAEARAE F B R & R, T B0 N, O HEJi
(Kammann et al.,2012) 5 (2) H3EF K& 2K 2
SAEAAE & A 0 BR 1 PR 7 =2 — , A= 40 e (%) T B A
JH3% 1 3% DOC ¥ J& W] 1 %A% ( Rogovska et al.,
2011) , 5 BT RE I ) i s BE 2 22 PR G PP
I, T RRARR T -3 S A4k s 1 A0 N, O HERR ( Felber
et al.,2014) ; (3) AW BB R 1Y L3R T AR N 2 LA
PEILREM T N,O (NO 25044 18 %% N,0 HFjik (Wan
et al.,2009) ; (4) =Y mofE LIEREIE N — 25

B2 A N,O HEAL (Feng et al.,2022) , A
W5 N, 0 HEACS 13 NH, " & & 2 W3 IEAR G,
5 NO,” &g i 3 A5G (P<0.0001, 4] 2) , K 1
AR BILICY) A RS+ N,O 77 A ARk
FEHE (2104 ,2020), 3 NH, f NO,” &
RN S AV T B W, A W it JH T
AE 2l I 52 IS ) i E M AR R G2 R N, O
FEHEFNHERL (Zhang et al.,2023) . ARBHFTEE R L,
Xof o i ANE AL BER AR 9 it FH R 1 1338 NH,*
HINO, & i, FL DR AT B8 55 A= Wy o A 1) e Jo 34 o
T X NH, R NO, ™ B W BfEA K

SR, LA S AW T AR 22 A FE 45 2 ( Chen et
al.,2015; Agegnehu et al.,2016;Wei et al. ,2020) , B
A=Wy it P A AT BE RS AR 22 42 12 4% N, O R,
HF AT RE R : (1) A= it FH R A A= o o e 2 1Y)
ANEEE A ALK, £ HE - 3% SOl AR AR D (259 104,
2021 ;Feng et al.,2022) ; (2) A=Wy it FREAS $2  +
P TA A LA S, BE RS T AL
B AR R], SRR T 1O R AR IR A
NO, & & 1HE S (Tang et al.,2023) , KL, AV x
Jits HIRTAELAH 2R S8 12 N, O HEBCR) 52 i L 1] ik ol 7



2954

HE—2 RGE IR ARG R K H AT AN fiE
B Z AN DL A= ) e 2 15 Be 6% A 2500 /0 + 1
N,O HERGA T E— B B0, T B, Y w
Jite FH 5 R GIE KR I 7= 0 0 AN A2 45, 10 T S8 L 28 3
7 R S PR B A 2R U,

3.2 AWREME S ARSI )

Meta ST & BR, Jiti 20 o 35 38 A A0 &2 48 N,0
HEfil, X S A TR0 45 A — 2 (| 1B AE 3)
XTHANEED) R 56, A0 R 58 N, O HE R B8/,
AT BE SR H AR 2R 4 R it P A e A i SR PR
(F2), T M0 G RpAL R 58 K, 3= 2021
AF A A BB T AR A 100 7 hm® (B4 R AE
2021) , WA IR R S8 N,O HE F 50 it A8
SRR B A, & IR E A A R 42 N, O 4F P35 4
Ji 3.0 Gg, 29 J 25 b N,0 HEHY 7% (Yu et al.,
2023), o 4ol + 58 N,0 HEG Y 0.43% (# R,
2006) , B A HE T BB D AHIX T AN RS A &R
4 N,O HERCRT AZAR, BBk, ABF o8 Al 3B A Bk
FRASTfG 22 1, 5100 3 AN [t X A 2R 90 0 2R o L 7K 4%
Fr A R I T 2 S B VT AR
HN,0 HE R B ZE SR,

FERE AU 0T A W it FH 5 2 B IR A R B
N,O HE (E 4B) |, iX i — L B0k 1 5 FR i 0 45
Meta 73 #7745 S R B, 76 A &2 A @i 50 kg N -
hm ™ A=W it AN A 20 t -+ hm ™ 19 K HE T A1
LT, N,O HERBCR AT ARSI (& 4) AR
THIHARSE N,0 JiHE, S8 AT R W4 B
55 AWy it FH T /DA A R 48 N, O HERL, (B4 77
— BRI PR .

(1) 2 N EF TR A9 45 75 I — 2070 K 56
HRISIE, MERE A S R rh S WOOR T — 3R AR
AT B v BRI R s il /K S 7 i — 25
W%,

(2) AT 58 WO AR A K 36 5l e A 2>, I i
553 P AR R R AR A, A e L 5 N RN RS 4 N, O
HEB RIS, LASR A 55 AN 2 P |, MERA PEAR AL 2R
4t N,0 HEcE

() YA 5 T 25 N,0 77 AR i G
TR D IETR R A5 R FNE M 1T BB 2 & A2 272 (Tang
et al.,2023) , L ASRIETE RGIR AR R 50 1 4%
N, O HER Y ik A B LRI I 52 (o] 28R 55, 2023) , JF
25BN [R) RN A Py it FH A9 4545 B4 £ £ 1]
R Ry SEIAE A FR GE I L | BRI RR] N, O
(R E— R LS AR R AR 2 % |

ZE NSRRGSR, X L ATt I Ak 3 Bt A
YR I A AR 2R 48 1 8 N, O HE; A1 1R &0 it
KT, Jite FH AR 9 o b B 3 5 A1 £ 358 N, 0
B, ZePERIA 3R], & A 3 118 N, 0 HEik S +
HENH, 2R FEEML 5HENO, FEER
ERAIR, Meta ST 45 5 & B, MM R 42 18 N, 0
HE R B 0N, L RUR A= 4 it FH 35 v g 355
FEARAEA R 48 N,O HEik, Rtk il e A0 R 48+
HE N, O HEA, A5 e 7 15 41 BT A 1 D0 T, 36 o Ok
DTt IE DA K it F AR ) e e AT Z A SR E BRI,
FELE S A] Ry B A 55 A ) it FH DAVS /D AR 2R 4
N, O HEBHE AL AR 35 A 225 % Bl ik A
ARG A" Hbrny SEBA E 25 L,

% 30k

AT SERE, BRMSMS, 27875 2023, + 3 S0 T 0™ A AR S
HB G kit . A2 2, 42(6) : 1497-1508.
M. 2006, P E AR EE SARHERL  JRHER G S )R S

ZBF5T, 26(5) ;. 722-732.

FERTM, X, 4587, 45, 2020. A R AAE A 6 B
M N,O sz, b E e 508, (4) 2 26-31.
AL, FAARL, AALED, 4. 2020. SMEARER I KN 11
AEFAL I N, O HERL A 52 m. [ HFERL %, 41(4) .

13-19.

ZEH I, EAEAL, AAEED, 4. 2021, BRIFZEBURITS ISR HE
T B RUR R R 2 . A8 7R SRR R, 27(6) .
1091-1103.

S AEHE. 2021, ZURECHGE XA E N, O B AR B A -tk 2
J AR SN (A2 28 S50 . A e TR ARl R

Bra g, dmithm, BHR, S 2021, A HLICHL AR BT i
PHAE TH =398 N, O HEHCRE a3 B Az R P 3R K A 4o
&, 35(2) . 330-337.

TG, TRTF, & B, % 2022. CO, W T 0 #6 W
CH, 1 N, 0 HERC 520 . Meta 347, hERNE ., HiERE}
2%, 52(3) . 517-527.

BEAR, FORFE, BEEI, 45 2023, NH-RE 5 1EAS [ it HE 4
BN, O HE TR AR o B W S A Mk B 5T R S o
42(7) : 1655-1665.

Agegnehu G, Bass AM, Nelson PN, et al. 2016. Benefits of
biochar, compost and biochar-compost for soil quality,
maize yield and greenhouse gas emissions in a tropical agri-
cultural soil. Science of the Total Environment, 543. 295-
306.

Ameloot N, Maenhout P, De Neve S, et al. 2016. Biochar-in-
duced N, O emission reductions after field incorporation in a
loam soil. Geoderma, 267 10-16.

Baggs EM, Smales CL, Bateman EJ. 2010. Changing pH shifts
the microbial sourceas well as the magnitude of N,O emis-

sion from soil. Biology and Fertility of Soils, 46. 793—-805.



TEJREF AR et DGR 2R 40 3 S AL T S HE R ) R

2955

Cayuela ML, van Zwieten L, Singh BP, et al. 2014. Biochar’ s
role in mitigating soil nitrous oxide emissions; A review and
meta-analysis. Agriculture, Ecosystems & Environment,
191. 5-16.

Chen J, Kim H, Yoo G. 2015. Effects of biochar addition on
CO, and N,O emissions following fertilizer application to a
cultivated grassland soil. PLoS ONE, 10 €¢0126841.

Davidson EA. 2009. The contribution of manure and fertilizer ni-
trogen to atmospheric nitrous oxide since 1860. Nature Geo-
science, 2; 659-662.

Felber R, Leifeld J, Hordk J, et al. 2014. Nitrous oxide emis-
sion reduction with greenwaste biochar: Comparison of la-
boratory and field experiments. European Journal of Soil
Science, 65. 128-138.

Feng YY, Feng YF, Liu Q, et al. 2022. How does biochar aging
affect NH; volatilization and GHGs emissions from agricul-
tural soils? Environmental Pollution, 294, 118598.

He F, Hu W, He F, et al. 2023. An appraisal of the utility of
biochar in a rotation involving tobacco-rice in southern Chi-
na. Global Change Biology Bioenergy, 15; 979-993.

He T, Yun F, Liu T, et al. 2021a. Differentiated mechanisms of
biochar- and straw-induced greenhouse gas emissions in to-
bacco fields. Applied Soil Ecology, 166 103996.

He Y, Yao Y, Jia Z, et al. 2021b. Antagonistic interaction be-
tween biochar and nitrogen addition on soil greenhouse gas
fluxes: A global synthesis. Global Change Biology Bioener-
gy, 13: 1636-1648.

He Y, Zhou X, Jiang L, et al. 2017. Effects of biochar applica-
tion on soil greenhouse gas fluxes: A meta-analysis. Global
Change Biology Bioenergy, 9. 743-755.

Huang Y, Wang C, Lin C, et al. 2019. Methane and nitrous ox-
ide flux after biochar application in subtropical acidic paddy
soils under tobacco-rice rotation. Scientific Reports, 9.
17277.

IPCC. 2021. The physical science basis. Working group I contri-
bution to the sixth assessment report of the intergovernmen-
tal panel on climate change. United Kingdom.

Kammann C, Ratering S, Eckhard C, et al. 2012. Biochar and
hydrochar effects on greenhouse gas ( carbon dioxide, ni-
trous oxide, and methane) fluxes from soils. Journal of En-
vironmental Quality, 41: 1052-1066.

Liu R, Hu'Y, Zhan X, et al. 2024. The response of crop yield,
carbon sequestration, and global warming potential to straw
and biochar applications: A meta-analysis. Science of the
Total Environment, 907 . 167884.

Meng XT, Yu HY, Zhang XC, et al. 2023. Fertilization regimes

and the nitrification process in paddy soils: Lessons for ag-
ricultural sustainability from a meta-analysis. Applied Soil
Ecology, 186, 104844.

Rogovska N, Laird D, Cruse R, et al. 2011. Impact of biochar
on manure carbon stabilization and greenhouse gas emis-
sions. Soil Science Society of America Journal, 75. 871 -
879.

Rosenberg MS, Adams DC, Gurevitch J. 2000. Metawin: Statis-
tical software for meta-analysis, version 2.1. Sunderland,
MA . Sinauer Associates.

Tang Y, Gao W, Cai K, et al. 2021. Effects of biochar amend-
ment on soil carbon dioxide emission and carbon budget in
the karst region of southwest China. Geoderma, 385.
114895.

Tang Y, Gao W, Chen Y, et al. 2023. Effects of biochar
amendment on nitrous oxide emission, bacterial and fungal
community composition in a tobacco-planting soil. Journal
of Soil Science and Plant Nuirition, 23 3106-3119.

Wan Y], Ju XT, Ingwersen J, et al. 2009. Gross nitrogen trans-
formations and related nitrous oxide emissions in an inten-
sively used calcareous soil. Soil Science Society of America
Journal, 73. 102-112.

Wei W, Yang H, Fan M, et al. 2020. Biochar effects on crop
yields and nitrogen loss depending on fertilization. Science
of the Total Environment, 702, 134423.

Yan S, Niu Z, Yan H, et al. 2019. Biochar application signifi-
cantly affects the N pool and microbial community structure
in purple and paddy soils. PeerJ, 7. €7576.

Yao P, Pan H, Qin Y, et al. 2021. Greenhouse gas emissions
and net ecosystem carbon budget from tobacco-planted soil
with different organic amendments. Soil Research, 59:
452-462.

Yu H, Han X, Zhang X, et al. 2023. Fertilizer-induced N,O
and NO emissions in tea gardens and the main controlling
factors: A recent three-decade data synthesis. Science of the
Total Environment, 871 162054.

Zhang B, Yin R, Tan Y, et al. 2021. Evaluation of maturity and
greenhouse gas emission in co-composting of chicken ma-
nure with tobacco powder and vinasse/mushroom bran.
Processes, 9. 2105.

Zhang T, Tang Y, Gao W, et al. 2023. Combined effects of bio-
char and inhibitors on greenhouse gas emissions, global
warming potential, and nitrogen use efficiency in the tobac-

co field. Sustainability, 15. 6100.

EEEN £ R, %&,2000 424 L0 BEMTTT
1) Ky A 5% . E-mail: 17856019312@ 163.com
RERE PO




