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Assessing nitrous oxide emissions and mitigation potentials from intensive vegetable ecosystems in China
——Meta—analysis

WU Zhen, CHEN An—feng, ZHU Shuang—ge, XIONG Zheng—qin”

(Jiangsu Key Laboratory of Low Carbon Agriculture and GHGs Mitigation, College of Resources and Environmental Sciences, Nanjing Agri-
cultural University, Nanjing 210095, China)

Abstract: In order to identify the contribution of vegetable production to nitrous oxide (N,O) emissions and mitigation potentials in China,
we assessed N2O emissions from both fertilized open—field and greenhouse systems by integrating in—situ field observations from published
literatures. A meta—analysis was conducted to investigate the effects of optimization measures such as nitrogen (N) reduction, nitrification
inhibitor application, organic fertilizer substitution, biochar amendment and optimized irrigation on N,O mitigation potentials for vegetable
ecosystems. Results indicated that N fertilizer application significantly increased N>O emissions though improved vegetable yield. Green-
house production systems greatly decreased N,O emission factors and yield—scaled N>O emissions under high N amendment as compared to
the open—field production system. Relative to the local farmer's practices, various optimization measures significantly decreased N.O emis-
sions to varying degrees, such as 49.4% for reduced N fertilization, 33.2% for nitrification inhibitor, 26.6% for organic fertilizer substitu-

tion, 29.1% for biochar amendment and 34.3% for optimized irrigation, being 36.6% by average. Organic fertilizer substitution decreased
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both N>O emission factor and yield—scaled N,O emissions, especially under high N application inputs. N2O emissions decreased with the re-

duction of N fertilizer application rate while the N.O mitigating effects showed greater potentials under low N inputs. Optimized irrigation

decreased N,O emissions across all N inputs, while nitrification inhibitor and biochar amendment had greater mitigation potentials under

low N inputs. Various optimization measures such as nitrogen (N) reduction, nitrification inhibitor application, organic fertilizer substitu-

tion, biochar amendment and optimized irrigation manifested great potentials in mitigating N,O emissions from both open—field and green-

house vegetable ecosystems while maintaining yields in China. Due to the higher intensification, greenhouse vegetable ecosystems present-

ed greater mitigation consequences.

Keywords : vegetable field; N>O; nitrogen fertilization; mitigation potential; meta—analysis
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Figure 1 Relationship between N application rate and vegetable yield, cumulative N,O emission,N,O emission factor,

and yield-scaled N2O emission under local farmer’s practices

1M e A0 it FH RN A o 5 e 7 R DB . T 1a
e A B 2T AL Hh i 35 7™ o B RN it 2 Y
ST i R T, LR A AR 2P AR it RN 4 Ak P e
AT R B kAT e h T R AE K AR
X GRUNE B AR, 3 rp ke B B SEONEATS Al 1 T 2=
BRI ] o o it R AREAN 20 7, B n] Rl
O e NLO HE i B it 280 1 S 2 e (1
1b) , WA HFFEIA S NoO HEJ -5 it 20 S AAF LR 3
KERM,

ek 2 2 b, DR A B g 108 it S R R i A Ay
NoO R 2 B RV T 2 358 M 8 5 HE A it
HEG R 1 NoO HE bE 5% K3 1.3~1.5 7%, H i T
ok 5 3% b it 280 o LU R R SR b e 1.7 A, (A5 2 S
NoO HEIZ B0AR T 58 K 38 b, R 1) J2 78 it JE & K
500 kg N-hm i} ([ 2a) . Gerber 28" 5% th % #HL, 1
IR NEBEATEAS 2 1 B 7 e HE = 79 NLO HET . 25
A7 P SR T B RS M NLO HER, TE RUE A K F
500 kg N-hm™ T, 2 S 4b 540 77 i NLO HEBC R AR T

#ERSEH (B 2¢) o PRI, 588 RS HL, M AUIE 42
PRI 2 S HLZE A4S 5 1 7 o A [, e R o 7
N0 HERL
3.2 BMALFEIEXT S 4 SR G N0 FIRHEE 1
3.2.1 Wit AR

Jit P 2R R PR i S ™ £ 1) T - B (R AR 3R ]
B S A 7 v i 2R L B A e A dn L 1
7N, T e il U 2 #1000 kg N-hm™2, i B A&UIE 4
1 BRI AR FH NLO HER, Song 2578 38 6l A2 b F- Jit
W F I, NLO HEC i Sl A R BOG &R . 5
SEXT TIER R M NCRE 1A PR, R AR 20 AR 2 3
S+ S TCHLUEA AR =, T8 AUG 2 LA 5 sk
A R R 5 SR el it SR I s L AT S L NLO
HERC A $E it o Zhang 55211 %2 R 32 1 it 260 2 0k = 4
Z— , Be A R SR 77 i NLO HER IR, ik B A
LR — 3 (B 4b) o 78S Hh b St o = i L &
FHLAC A it TS 2 A7 0 26 AT 4 249 Ak 38 1 NLO HE %) A 7™
I



R LN NO HEH S ——IE T SRR & b7 711

NoO HEf & %
N,O emission factor/%

B NLO HERCRE
Yield—scaled N,O emission/kg -t

i [0 #& K32 H Open—field (a) 1O JEHLIE Inorganic fertilizer (b)
ab O %= Grcenhgusc a al O A HUIE Organic fe‘rtilizer a
A a ‘g: A ‘
3t b t B 3t b A
e A
2r A ZE ot ab
=2
1 25 1}
Q
z
or ok
1=0.71 P=0.48 t=3.19 P<0.01 ¢=9.06 P<0.01 t=—0.53 P=0.60 1=0.45 P=0.66 (=3.35 P<0.01
-1 -1
<500 500~1000 >1000 <500 500~1000 >1000
FAEFI AL N rate/kg N-hm™ FHEFI AL N rate/kg N-hm™
0.81 0.81
[ &% K32 Hh Open-field (c) = O FEHLHE Inorganic fertilizer (d)
[ i % 3£ Hl Greenhouse % O A #HLAE Organic fertilizer
0.6 . =S 06f .
a E E a A
0.4F B b =% 04 B b
02} él é 2 02t % . %
&g
| = 2B
1=-0.38 P=0.71 1=1.25P=0.22 =3.14 P<0.01 E 1=1.25 P=0.22 =—-1.25 P=0.22 =191 P=0.06
-02 02
<500 500~1000 >1000 <500 500~1000 >1000
FNEFH N rate/kg N+hm™ FNEFH N rate/kg N+hm™

BAATTHERISLLR ST B P BI85, T e AR R A B, B B AR R R/ M, B AR R
IS REA AR 450 A [ TR R IR — 2 N 22 53 2.3 (P<0.05)

Black square and lines indicate medians and means , respectively. Box boundaries indicate upper and lower quartiles , whisker caps indicate maximum and

minimum values, and spots indicate outliers. The ¢ values were obtained from independent sample ¢ tests, and different letters meant significant

Figure 2

BEL Frequency

difference at «=0.05 level within each group
2 BESHER s RERMURTHIE s BHEARERIEAET NOHEM REF LA ~8 N.OH M E
Integrative analyses of N,O emission factor and yield—scaled N,O emission as affected by N application rate in the open—field vs

greenhouse system or inorganic vs organic N fertilization

120 100

(a)Mean=0.51 ~ (h)y=0.67x+0.04 e
E R?=0.84 -
L (5] e
100 = % 80  P<0.001 P
80+ BEik
LT 60
Q==
o0 oy
S 2 4
40 &g
WE ™ 20
20 <
\r«:w -
0 \ ' 04 d
-3 -2 -1 0 1 2 3 0 20 40 60 80 100
B E InR it BEZE NLO ki i

N0 emission in the control group/kg N+hm™

P (a) H Mean NI, SD WARMEZE , n  BHRHchE ; P (b) o EZR IR AR5 %) BRI A9 12 1 BHEZR AN SCZk 305 A WA A2 P ] )1 2&

Figure(a)

Mean, SD and n indicate mean value ,standard deviation and number, respectively; Figure(b) the dotted line represents the theoretical 1:1 line,
whereas the solid line represents the linear regression for all individual observations

B3 AARFAEYUMERNES RS A S RA N0 H SR &% E 3

Figure 3 Frequency distributions of the effect size classes among all observations and the relationship of cumulative N,O emissions

between the treatments and the controls

3.2.2 Pt fi A il 551 PACE IR REARAE FA A SRS AT R Dol il 285 S8 55 A
AR P P2 R R A A 2 R PR A 48 AR S S A R R NoO R, B TR B Ay



2 RATRE R 55 MR R
[ ot 1501 B <500 kg-hm™
KA Optimizian| practices o1 N 500~1000 kg-hm™
B SEUIE | o =00l @ O >1000 kg-hm™
e A | SN =i e *. a
A HUIRERAL o ! £z b b T a a
\ g
it A= S5 e | o4 % £ 50 F % b b a
Ny IR Ty o ‘;‘b ® b =
AN ot S % : @
g
(b) BB % 2 o .
| Reduction of N rate/% ' z
<30f —0— _ 4
30~40 o ' Vol it SR IE PR S P i 55 J)’EEE% DAL E
N reduction  Nitrification ) Optimized
40~50 00— inhibitor Bijo\char irrigation
>50r Ak it Optimizing practices
()R A0 o ) 2 7 A TR R IR — 4L N 22 5 .2 (P<0.05)
| Nitrification inhibitor Different letters indicate significant difference at @=0.05 level
CPf within each group
bebr — E5 REMEIE F&EAL I N.0 KR HEE 5
| () AW e it Figure 5 N,O mitigation potentials in various optimizing practices
<10k Biocharrate/t-hm * o as affected by different N application rates
10~20} ol - . ‘ N ‘
20-30} K : PER 5 00 AR W) T Sl AT NSO HE R . AF 5T R B e
>301 ot FAAALIEBCA HLICHLIE B it . % PR AR SR H N-O HE i
20 s 10 05 0 o5 1o iK26.6%(E4). SHMELIEMLL, A HUESA L
PRV AE InR

B4 SRR S RGN0 HEA BRI R0
Figure 4 Responses of cumulative N,O emissions to various

optimizing practices in vegetable ecosystems

ASAEAT R, A= D A A ) ) o SR B R 5 Ak~ s Ak
0 [ 258 114 NLO B HE IR

AR SR A A6 21 T it A £k 310 1 77 DCD Al CP 7R 3%
b i) 7 P SR L 2R W HC AP NSO HE TR 2 35 33.2%
AR5 2 30t i P49 ) 750 57 L 7K R
SR 25 R S8 R NLO HER A 3892, 28 B
L[ H AR RS Aoy TR Ok,
5 B I i A 400 ) 59 B T L 688 A i JES A 8 =2 s
Al B LT SR AR BT 7= A Y N2 O, T AR 40 1 s i A
ofg il £k 41 B8 SR Ak T P A Y NLO . AT 5T 8 2 B T
Jit i P 900 A1) 750 26 VS 280 X NSO I A A o 3k SR W
I (T 5) i B st 20N 22545 T ot A £ 400 ) 7] HL AT o
KA NLO PRV F70 171
3.2.3 AHUER

Jiti A5 MLAE ot B A ol 7T e 82 % i B A o A
FHES it FF v C/N A HLIEASAY Ay 4 38 o A= 4 it
B 5, B4 4 18 C/N A AR B e 4= 5 JE HIL A
F520; [ B A AL AR TE WL AR, (A5 2 9 T DL B
2R R 9 JC AL el BRI 25 Al OE 5K 2R i
10T AT A ARG i PV RN s s Ak VR R RS 40 AT 3L

MR B it 76 = ZZNE B AT BRI NLO HEji =5 (1 2b) .
(R B it FH AT LI 30 fi T 2648 i S b, - 458 [l e o, F
— IR GE ARAE A
3.2.4 HEWBUREN N

A=W 5 SR FRAE RS A LR 8 TR R A
BLIE 759 76 PR 48088 T 0T 1 T 3R o0 fidk vy ] K ke v
Yy, HomEw o o R 3 SR SR T R R
AERAR R A A HEAE Y AW BT i A
R W B AR AT, AT R AR RIS i A TS B IR A Ak
PRI R B AR ) 5T e AR 3E s AR AR T H NLO i —
b 5 R N, 5 3OS A 7 ) N2O/(N0+N2) 1Y LA
o AV T 00 1) NSO 72 AP T 5 e TR B, T
fild Ak 2 3 4= 3 v NLO 1 32 22 72 A B AR Lia S50
RIAE SAE AL 35 NoO 772 A 1 g rh AR BT i HL
AT U HEROR 5 [ A9 J57 ke 4 s B 2 b gk =2
AT R R R R 3G I S 1, B AR 7 i
() N O HE B

Jite A 90 I Je Xof A% FH 358 N, O HE R i) AN — , X6
NLO 9 HE 258 A48 A [, 45400 52 36 R B IR B0 3% 6
Hr 45 373 5 54.09%°" . 30.9%* F1 12.4%>, X 5 4=
Yyl e 6 RN AR e ik B AR H SR RURIK IS A B 2
A7 T ARG A W 5 e R R S NLO R
ik F 29%, 15 Borchard S5 42 BRA W) g S AP A H
HEW 5 B NLO DBHE R 25 SR — 3



R LN NO HEH S ——IE T SRR & b7 713

3.2.5 ALk

- B K R S e SR A T
T SZ A 1438 vp NLO 772 A THAE MG Rl B o A0 S R
ST B SR FPRL ) — KR, R 2 NLO HERL )
FEE R, TR EK RS E R B5 K
K 18 HE A A A K IE ) 283 T L35 o 4 38
NLO HEAL™, 2 RAL 5 KoK @ R TR s i
el - SR A0 AN A ARAE I AS B A 72, e — 25 m
FCRSAEAE R ™= A2 1) NoOM g IG5 b N, O HE i
TG = TARHE MR S ™, LAk I wT S K I — 11k
TE I L b AR MR K A TR A T 2R TE AR
FEal I A AT T, BT KT AR SOk HE SRS
HEAE Y HAR

4 it

(1) EEE RN A R, 0= o, 20 4 353
I NLO HE AR A ™7 5 NLO HEA

(2) 55 MUt AE RS AR L, 3% 32 A 7 st 2200
FAC ot il A 410 0 700 A LA A it FH A= 4 o e FRAR Ak
THEE SO A it 1) B AT AR AR NSO HET , PS40 HE R
3% 36.6%

(3) 558 R HA L, 2= S M AR 294k Ak = R
T AR R NLO R HE R 38, LA ALk HE
5 it A B4 el HE RO B B A, NSO HE T 2R BN B
N0 HEAIC A

S 3k

[1] A RN SEiT R . b E gt AR 4 . JE T . b [ e i i
#t, 2019.
National Bureau of Statistics of the People’s Republic of China. China
statistical yearbook[M]. Beijing : China Statistic Press, 2019.

[2] BEZA3C, REARAR, AL, 55 . FRIFBE SNV I SRRt T
L) ARPIE SR NORL A, 2017, 23(6) £ 1480-1493.
HUANG Shao—wen, TANG Ji—wei, LI Chun—hua, et al. Reducing po-
tential of chemical fertilizers and scientific fertilization countermeasure
in vegetable production in ChinalJ]. Journal of Plant Nutrition and Fer-
tilizers, 2017, 23(6) : 1480-1493.

(3] Al A bR A7 B ] . 2 ALY 295 K 9 5 ML) (2016—2020 48 )
[R]. 2016-04-28.
Ministry of Agriculture and Rural Affairs. National structural adjust-
ment plan for planting industry(2016—2020)[R]. 2016-04-28.

[4] REIEZE, sk 0 . FUIE @ 80t FH AE AR el vh (9 SCBEAE FH D). A9
BRIk, 2017, 23(6) : 1433-1440.
XIONG Zheng-qin, ZHANG Xiao—xu. Key role of efficient nitrogen ap-
plication in low carbon agriculture[J]. Journal of Plant Nutrition and
Fertilizers, 2017, 23(6) : 1433-1440.

[5] Jia J, Ma Y, Xiong Z. Net ecosystem carbon budget, net global warming

potential and greenhouse gas intensity in intensive vegetable ecosys-
tems in ChinalJ]. Agriculture, Ecosystems & Environment, 2012, 150:
27-37.

[6] Zhou J, Li B, Xia L, et al. Organic—substitute strategies reduced carbon
and reactive nitrogen footprints and gained net ecosystem economic
benefit for intensive vegetable production[]J]. Journal of Cleaner Pro-
duction, 2019, 225:984-994.

[7]1 Ti C, Luo Y, Yan X. Characteristics of nitrogen balance in open—air
and greenhouse vegetable cropping systems of China[l]]. Environmental
Science and Pollution Research, 2015, 22(23) :18508-18518.

[8] Hu W, Zhang Y, Huang B, et al. Soil environmental quality in green-
house vegetable production systems in eastern China: Current status
and management strategies|J]. Chemosphere, 2017, 170:183-195.

[9] Song X, Zhao C, Wang X, et al. Study of nitrate leaching and nitrogen
fate under intensive vegetable production pattern in northern China[J].
Comptes Rendus Biologies, 2009, 332(4):385-392.

[10] ELIE e, 48 DR . 3 e 000 it FH BOAR: L 1m] A0 % 34 0. At 8

Fr SR, 2014, 20(4) : 783-795.

JU Xiao—tang, GU Bao—jing. Status—quo, problem and trend of nitro-
gen fertilization in China[J]. Journal of Plant Nutrition and Fertilizer,
2017, 23(6) : 1480-1493.

[11] Duan P, Zhou ], Feng L, et al. Pathways and controls of N,O produc-
tion in greenhouse vegetable production soils[J]. Biology and Fertility
of Soils, 2019, 55(3) :285-297.

[12] Wang J, Xiong Z, Yan X. Fertilizer—induced emission factors and
background emissions of N,O from vegetable fields in Chinal]]. Atmo-
spheric Environment, 2011, 45(38) :6923-6929.

[13] Wang X, Zou C, Gao X, et al. Nitrous oxide emissions in Chinese veg-
etable systems: A meta—analysis[]]. Environmental pollution, 2018,
239:375-383.

[14] Bk 9, 4 1 AEIESE . Ul R 2 il A 0 o 30 i sth S04k 7 A
M2 )] L3E44R, 2017, 54(4):938-947.

CHEN Hao, LI Bo, XIONG Zheng—qin. Effects of N reduction and ni-
trifcation inhibitor on N>O emissions in intensive vegetable field[]].
Acta Pedologica Sinica, 2017, 54(4) :938-947.

[15] Li B, Bi Z, Xiong Z. Dynamic responses of nitrous oxide emission and
nitrogen use efficiency to nitrogen and biochar amendment in an in-
tensified vegetable field in southeastern ChinalJ]. Global Change Biol-
ogy Bioenergy, 2017, 9(2) :400-413.

[16] TLRIf, 2 1, FHam, 45 . 9 AL %o S50 =32 b N> O HE L 14 52
Wi BBl BTRRLT | A FRIEERL 27412, 2016, 35(8) : 1616-1624.
JIANG Yu-—qian, LI Hu, WANG Yan-li, et al. Effects of fertigation on
N>O emissions and their mitigation in greenhouse vegetable fields|J].
Journal of Agro—Environment Science, 2016, 35(8) : 1616-1624.

[17] Chen H, Zhou J, Li B, et al. Yield-scaled N,O emissions as affected
by nitrification inhibitor and overdose fertilization under an intensive-
ly managed vegetable field: A three—year field study[J]. Atmospheric
Environment, 2019, 206C: 247-257.

[18] Gerber J, Carlson K, Makowski D, et al. Spatially explicit estimates of
N>O emissions from croplands suggest climate mitigation opportuni-
ties from improved fertilizer management|J]. Global Change Biology,
2016, 22(10):3383-3394.

[19] Song X, Liu M, Ju X, et al. Nitrous oxide emissions increase exponen-

tially when optimum nitrogen fertilizer rates are exceeded in the North



714

URIEIRCX RSy F3965 45

China plain[J]. Environmental Science & Technology, 2018, 52(21) :
12504-12513.

[20] Zhang M, Chen Z Z, Li Q L, et al. Quantitative relationship between
nitrous oxide emissions and nitrogen application rate for a typical in-
tensive vegetable cropping system in southeastern ChinalJ]. CLEAN-
Soil, Air, Water, 2016, 44(12) : 1725-1732.

[21] Di H, Cameron K. How does the application of different nitrification
inhibitors affect nitrous oxide emissions and nitrate leaching from cow
urine in grazed pastures?[J]. Soil Use and Management, 2012, 28(1) :
54-61.

[22] Moir J, Malcolm B, Cameron K, et al. The effect of dicyandiamide on
pasture nitrate concentration, yield and N offtake under high N load-
ing in winter and spring[J]. Grass and Forage Science, 2012, 67(3) :
391-402.

[23] Pfab H, Palmer I, Buegger F, et al. Influence of a nitrification inhibi-
tor and of placed N—fertilization on N>O fluxes from a vegetable
cropped loamy soil[]]. Agriculiure, Ecosystems & Environment, 2012,
150:91-101.

[24] TR B, TRAGH:, BULLIE, 55 . A AL 30 Y G A P iR LR H
LN A BREER 241, 2014, 33(11) :2077-2083.

ZHANG Miao—miao, SHEN Ju-pei, HE Ji—zheng, et al. Microbial
mechanisms of nitrification inhibitors and their application[]]. Journal
of Agro—Environment Science, 2014, 33(11):2077-2083.

[25] Zhang M, Fan C H, Li Q L, et al. A 2—yr field assessment of the ef-
fects of chemical and biological nitrification inhibitors on nitrous ox-
ide emissions and nitrogen use efficiency in an intensively managed
vegetable cropping system[]|. Agriculture, Ecosystems & Environment,
2015, 201:43-50.

[26] Akiyama H, Yan X, Yagi K. Evaluation of effectiveness of enhanced-
efficiency fertilizers as mitigation options for N;O and NO emissions
from agricultural soils: Meta—analysis[J]. Global Change Biology,
2010, 16(6) : 1837-1846.

[27] 2 XA it FH S A 00 6] 750 % 352 4t 1 39 NoO - BICRFAE 14952 i 0F 52
[D]. FIRT: FE R4 K%, 2019:54-57.

LI Shuang-shuang. The effects of nitrification inhibitors on nitrous ox-
ide emissions from vegetable yields[D]. Nanjing: Nanjing Agricultural
University, 2019:54-57.

(28] ARIE R . o [ L HEURBFE ()], L3244, 2008, 45(5) - 778-783.
ZHU Zhao-liang. Research on soil nitrogen in China[J]. Acta Pedolog-
ica Sinica, 2008, 45(5) : 778-783.

[29] Xia L, Lam S K, Yan X, et al. How does recycling of livestock manure
in agroecosystems affect crop productivity, reactive nitrogen losses,
and soil carbon balance? [J]. Environmental Science & Technology,
2017,51(13):7450-7457.

[30] M, skl AT, B WK, 45 A IRIBC LA HLICHLIE R A 3 N>O

HERASE L], A4 5 SRS IR, 2017, 23(1) : 154-161.
BI Zhi-chao, ZHANG Hao—xuan, FANG Ge, et al. Effects of com-
bined organic and inorganic fertilizers on N2O emissions in intensified
vegetable field[]]. Journal of Plant Nutrition and Fertilizers, 2017, 23
(1):154-161.

[31] Wang J, Zhu B, Zhang J, et al. Mechanisms of soil N dynamics follow-
ing long—term application of organic fertilizers to subtropical rain—fed

purple soil in China[J]. Soil Biology and Biochemistry, 2015, 91:222~

231.

321 B = VF R, BEEDEL, SF . AW B RIA HUIE AT 3 b 123 NLO HE
R AR AL, AU Py D e X 2 BE R 2 R[], PR 2724l
2017,37(5):1912-1920.

CHEN Chen, XU Xin, BI Zhi-chao, et al. Effects of biochar and or-
ganic manure on N,O emissions and the functional gene abundance of
nitrification and denitrification microbes under intensive vegetable
production[]J]. Acta Scientiae Circumstantiae, 2017, 37(5):1912-1920.

[33] Sohi S, Krull E, Lopez—Capel E, et al. A review of biochar and its use
and function in soil[J]. Advances in Agronomy, 2010, 105:47-82.

[34] Cayuela M L, Sanchez—Monedero M A, Roig A, et al. Biochar and de-
nitrification in soils: When, how much and why does biochar reduce
N>O emissions?[J]. Scientific Reports, 2013, 3:1732.

[35] Shi X, Hu H, Zhu-Barker X, et al. Nitrifier—induced denitrification is
an important source of soil nitrous oxide and can be inhibited by a ni-
trification inhibitor 3, 4-dimethylpyrazole phosphate[J]. Environmen-
tal Microbiology, 2017, 19(12) :4851-4865.

[36] Liu Q, Zhang Y, Liu B, et al. How does biochar influence soil N cy-
cle? A meta—analysis[J]. Plant and Soil, 2018, 426(1/2) : 211-225.

[37] Cayuela M, Van Zwieten L, Singh B, et al. Biochar’s role in mitigat-
ing soil nitrous oxide emissions: A review and meta—analysis[J]. Agri-
culture, Ecosystems & Environment, 2014, 191:5-16.

[38] He Y, Zhou X, Jiang L, et al. Effects of biochar application on soil
greenhouse gas fluxes: A meta—analysis|J|. Global Change Biology
Bioenergy, 2017, 9(4) : 743-755.

[39] Verhoeven E, Pereira E, Decock C, et al. Toward a better assessment
of biochar—nitrous oxide mitigation potential at the field scale[]]. Jour-
nal of environmental quality, 2017, 46(2) :237-246.

[40] Borchard N, Schirrmann M, Cayuela M L, et al. Biochar, soil and
land—use interactions that reduce nitrate leaching and N>O emissions:
A meta—analysis[J]. Science of the Total Environment, 2019, 651:
2354-2364. doi: 10.1016/j.scitotenv.2018.10.060.

[41] %5 K, MRZL, sk PR, 45 . AN TRt s U B0t 5 NoO HE AR

TE R i R[], 7K LR Fe240, 2016, 30(5) :310-315.
HAN Bing, YE Xu-hong, ZHANG Xi-chao, et al. Characteristics of
soil nitrous oxide emissions and influence factors under different irri-
gation managements from greenhouse soil[J]. Journal of Soil and Wa-
ter Conservation, 2016, 30(5) :310-315.

[42] Cheng Y, Wang J, Zhang ] B, et al. Mechanistic insights into the ef-
fects of N fertilizer application on N,O—emission pathways in acidic
soil of a tea plantation[J]. Plant and Soil, 2015, 389(1/2) :45-57.

[43] Borken W, Matzner E. Reappraisal of drying and wetting effects on C
and N mineralization and fluxes in soils[J]. Global Change Biology,
2009, 15(4) :808-824.

[44] Sanchez—Martin L, Arce A, Benito A, et al. Influence of drip and fur-
row irrigation systems on nitrogen oxide emissions from a horticultural
crop[J]. Soil Biology and Biochemistry, 2008, 40(7) : 1698—1706.

[45] TZEZE, 5k gk, P, &5 A [RIE B xR AE - 55 NLO i
P L
DING Jun—jun, ZHANG Wei, LI Yu-zhong, et al. Effects of soil water
condition on N>O emission and its sources in vegetable farmland of
North China Plain[J]. Chinese Journal of Applied Ecology, 2017, 28
(7):2269-2276.



