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Abstract: Nitrous oxide (N,O) is one of four the main gases linked to global warming, and agricultural production is
the largest anthropogenic source of N,O emissions. N,O mainly originates from nitrification and denitrification

processes in soil and is predominantly influenced by soil pH value, O, concentration, CO, concentration, moisture,
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texture, temperature, and exogenous carbon (C) and nitrogen (N) input. In recent years, China has achieved
remarkable results in using green manure to reduce chemical N fertilizer application and drive soil health. However,
study of the role of green manure in N,O emission is still in the early stages. The impact of planting and incorporating
green manure on soil N,O emission depends on factors such as the varieties of green manure and the physicochemical
properties of the soil. Among them, the influence on soil mineral N is the greatest factor. Generally, green manure
can efficiently absorb soil mineral N in the fallow period, and its incorporation into the soil can reduce chemical N
fertilizer application, thus decreasing N,O emission. However, green manure releases large amounts of N during its
decomposition, which may increase soil N,O emissions. Combined with appropriate N,O emission reduction
approaches, N,O emission in green manure-based systems can be reduced according to planting systems, crop
varieties, climate conditions and soil types. In southern China’s rice-green manure rotation area, chemical N could
be reduced by 40%, when adding alkaline amendments such as biochar. In northern China’ s main crop-green
manure rotation area, chemical N could be reduced by 15% —20%, through adding chemical inhibitors and
combining mechanical deep application of chemical N fertilizers. For main crops rotated or intercropped with green
manure systems in Northeast and Northwest China, chemical N could be reduced by 13% —48% , by adding
nitrification inhibitors, with integrated water-fertilizer management practices and no-tillage. In main crops rotated
with green manure systems ol Southwest China, chemical N could be reduced by 15% —20% , through techniques
such as slow-release fertilization, use of chemical inhibitors, and others. In this study we have focused on the
feasibility of N,0O emission reduction by combining green manure practices and exogenous reduction approaches to
N,O emission, to provide practical guidance for reducing N,O emission in green manure-based systems.

Key words: green manure; nitrous oxide; influencing factors; emission reduction technology

AL WA (nitrous oxide, N,O) J& 5 = KR 2 AR, 78 KA 19 B8 A7 I 8] 0] 35 120 4F 22 A, HUE 48 RO (9 389 1R
Wit JE — A Ak (carbon dioxide, CO,) HY 298 5 , Xt 4 BRA B4R B AT GO S -, 2 3R L4102 I B s i R 38
ARl B NLO Fe KA N R HEBIE, 2020 4F 42 8R4 H 438 NLO HE & Af 1R 1.2 Tg Neyr ', 38 E 40l i 3 o
19 NLO HE RS B A2 AR WL, NLO HERCRE 290 198. 6 Gg Neyr ', 29 5t i 1/6™ . T NLO HEMC g 49 %~
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AR A NLO 7= AR AL ) 45 0 T U T RGPS R o SR I IR E AR G AR A A SR B SR b T Y
Y TS, 7E LA U P T R B T A R AR s HE D e P AR T ARk, i [ AR AR R IR S Ak
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Fig.1 Pathways and corresponding enzymes of soil N,O emission
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P NLO AR R B =y e ™ o i A0 A B2 B A b i £ 8 rh NLO P72 1 R B0 A2 IR IR T s ARV T i &
1k 48 H# (ammonia-oxidizing bacteria, AOB) & &' | 1ij 7¢ ig ¥ + % o & & 1k & % (ammonia-oxidizing archaea,
AOA) I £ FAEM™ . 5340, 4R 4 058 & BEBEKS NH, 58 4= %4k 0 il 25 & (nitrate, NO, ) 1Y 56 & 2 A AL
A g e ] A R 0 A AR ) B AR NLOT

FAHACAE FH R AEMEME DR SR T AL 3 A 03 0 58 i NO, i B NO NLO N iy i #8584
(4 BRI A AE T B 277 W J2 N, SR, 249 1/3 14 Bl Ak 40 0 A0 5 AT B Al Ak B 7 1 B 1 sk 20 NLO 38 5l (NLOR , G 5
B nosZ) , TEENE NLO BB I N, 10 NLO I Ji 20 TR A T R0 AS ] 9 28 8, 4350 Sy 0780 1) B At Ak 20 747 (Clade 1)
FAE R Y S Al AL Al 7 (Clade 11) o £33 NLO M5 F 2 i Clade |1 P, Clade 11 = B2 3G I sl i 7 4544 2 | v] fg
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KA T R AR AR R A AR E A (R 1) . HHE pH R R AN AL RS AR AR R OCEE R . fi Ak
2 5 BE — % 5 - 4 pH {H 5 TE AH 0G|, pH A 1 ek B v A Ak R NI (NH,) ok R B NLO HEC . 7
pH<C6. 0 i 52 i £k 4 7% 7T 3545 09 A HL A ML A 5D, NLOR (19T 552 B30 1, NLO 1) N, i J5 i) ok 72 22 BHL,
AL 7= 20 NLO , T 76 pH>>7 B, SR Ak 7= 9 32 2254 N2 O, F1 CO, Mk 3 38 38 52 Wil i Ak 70 B2l Ak A i AH X6
STk P NLO e . 24 38 O, & S KT 5% i, 45 NLO HEwc it 2R 38 hn , I Bl AL /8 F X NLO HE ik 1 577 ik A
BFRES . NLORAZ 2 O, (4 il A0 52 i 1 ik 22 b H A (% 38 SR A7 ] R #EVE T S EONLO IR R . sk B2 CO,
B3 e 0 A A R S NLO HERL . W COL /D T R 28 S V8, AT B8 T 8 5 ki, o
FEAE B AL T DRI, 55 A1 e Wk B2 1 COL AR BERE Y B AR R 40 W Y, O IS AR A AR AL TR . AL T30 85
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A R i RS R T NLO B HERL , 35~40 “CHE NLO HE it ik 2 0 fE ™

1.2.2 5k B ON,O HEBC R W B &= Vi by 1 A A R A A AE T RIS, H 38 h B AL AL (NH, T NO, ) FLAT #L
JORC ) e J3E 2 5 ) NLO HE TS o il R A S gk K Ak S A 7 FE I vk B A1 1 NLO HE S, it RS in i N O,
I AT AE SRy A Sty L 52 R B S R NCOR W& PR B4R T NLO Il NL B F6 A LBl . A WL 2 L3 5 5%
TR ) 0% e 05 RN R R U, S A LR X - 3 NLO HEBCAY B2 i TG — BUE I8 o KA (Oryza sativa) — /N
(Triticum aestivum) " TR B v 22 7% 38 IS /D T 1% ~78% 19 NLO HERL™, “ /K7 — 28 = ¥ (Astragalus sinicus)”
bR i B o AR AL AR E > T 129 A9 NLO HERL™T, i Zhou 287 78 55 2K 08 b & BRLIR N A2 RS L SRR IR s 8 i T
NLO HEBL, 2 AR TS IAT ML R BEAY 1. 2~1. 9% .

1 TENOHIHMMNEEEMEE

Table 1 Main influencing factors of soil N,O emission

AN S NLO HEBIE B4 FEHIHLRE 2% 3k
Influencing Suitable conditions for N,O Functional mechanism Reference
factor emission
pH & b /3 Neutral/slightly 4% N,OR 544 21k Control the expression of N,OR structure [23—24]
pH value alkaline
AR R BE Anaerobic environ- SR 32 5 NLO HEjiX Denitrification dominated N,O emission [25]
O, concentration  ment
TRk 4 ¥ & High concentration BN S KR AR AR R IR 2R 2 I G AN, 5 e AR 403 2 Increase soil [1, 26]
CO, concentration moisture content; Plant growth and root exudates increase, which affects microbial activity
IKAY >70% IR IR 3 S Al 6/ Anaerobic environment promotes denitrification [27]

Moisture content

T Hi 4 Clay P4 4 3 B K iE 520 40 /<% Bt Maintain soil moisture content and affect O, content [28]

Soil texture

MR 35~40°C WO TR W M 5 R 3 5 K b 4R Bt Change microbial activity ; Maintain soil [29]
Soil temperature moisture and O, content
RO VIR 2 A LIRSS Add P ER AL 30 N,O/N, Improve nitrification potential and N,O/N, [30—31]
N input urea, organic fertilizer, etc.
LA AHEHEA WA WS I T 235 R R Y VI A BLRL T A RO RS AL R M R A T T A [32]
C input Organic fertilizer input, root fE ik T R As Ak AE FH Increase soil heterotrophic microbial respiration, and the available C in

exudates, etc. organic materials provide electron donors for denitrifier which promoted denitrification

2 FAEF A 4R E R 0T R B N,O HE R B 3L 5 4 H)

2.1 APHLAA S st R | N,O He469 # va

F 2 iy 2 I TR AE A 24 413 J5 hm® A5 SR AR VS 0 ET RIS 2 1206, & J s TR R s HE TS B R
T AL 1) S A R 805 412 F - M Bl 28045 3% 20 1R I 08 - M A ) B Ak 2 1 T L AR R R B 5 e - A B
A W RE VR S AL, T SR 0 NLO RO R . — T A 106 A4S WLIIE Y 25 A A0 B 2 B, 40 %0 UL I 455 SR I S 2 A U
T NLO HE, 60 %6 118 S0 25 SR 000 5 7R 1G0T 8 NLO HEBI, £ A 4 AR LI 25 Bk A JIE B n A s b 1
NLO HE B AR i 2 A %k NLO HE Y 52 i) B e T 2 HE A 28 |+ 3 A MR UM 55 22 0 T P 38 3 [l £
RO PR RO A R R AR S IR A NLO HE IR T ARG . SRAEAE Y H b R Hb T A AR A
Fh 2P B 24 52 0 NLO HERL ™ 0 IO ML AL B 2 5 i R IE ) b NLO HE Y 32 B R 2R 4 JIE A A 39 [i) B 9 1
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WA - 398 2 A 1 TE ML AR, 3 Ao el i A S A A FH I 0 B AT 4 NLO HE I, Y 2 B I Lt v B, NLO I i o 55
Fk /D BB T 545 GBI S R 0 WL A AIS i T A o e LA TR R R AL i
P HE T AL RO AR SR e T e, 43 NLO HEJ T2 A2 S AT Bk /AU AR LS R . SR A R IK / ALY
R B IA H EL ik /A R SRR SR IE S HE A T 20 NLOYH L A EL AR AR /AL, NLO HE 32 A8 ) i 1 5
Wi TR WFFE R, B R M & (Avena sativa, w8 A L 8 AW ) B S (Pisum sativum R A AR AP D 1Y
NLO HEJC i 3 SRR [ 3 2, A B 7 25 58 H, 38R 0 98 NLO HEc i o v ™ A 3B 1 3 34
INT A HE S R S A LR T AR S T IR R T B T NLO HECR . A L
TAIH B A R N 5 R 0 41 v - S BE 35K T R A AR R FH 2 A B A 39 NGO HEBORURS: ™ 48 5T 43 5
M) o AES ol A o) 32 b ) NLO HE T, B 3R A2 UKE £ M 4=l V48 + A 38 , NLO HECRE & A

ol HEL ) FH S N DA 22 5 1T 5 ) NLO I, AS [R] 3t DX S [ o i ) B v 26 JIES % NLO HE JBCAE A8 TE Fsg g™ (3
2) . EAMITERI, S BF AR A0 TR A SR , Tl 2 IS 38 I 1 M v v 46 45 ( Vidis vinifera) B JEAE NLO HE i
11. 5% ™ s Wi A% (Citrus reticulata) W SR FIE SRS LR BE 3L 25, A2 E T NLO %% 460 N, (15 42 4F NLO HE ik
O E AT 12,6 %0 TR ERR 4> S AL b NLO HE BT AT I b XM 2R G ) A o A R R )
B NLO HEAC R A W50 . R 7 SR IEK RE S AE R Ge v, 4 25 FhoAl 0 H 3 52 ( Brassica campestris) 54 424 N,O B2
Hefc i M T 531%™, B R S 2 5 (Lolium perenne) 32 =9I T 37.5% .43.7%™ . dbJr BHLE K
(Zea mays) MIAE R G, 5 E K BAEHM b, K B AE K W (Glycine maz) &b #N,O 4F - ¥ He il 1 B AL T
25.6%~48. 8% AL 1y R B — AR AE (Gossypium spp. VEER G b AL TA WA B, ML/ — H 2
(Orychophragmus violaceus) 4= 4F- N,O BB B W > 7 58. 0%, IbmE L& /NEiRIERs T, 55
WKIRAH L, B8 G (Glycine max) — % /7IN 22 %6 A 8 2% I 30 PR 09 R0 46 /0N 22 A2 4 )+ 38 NLO HE 8= 40 0l b 2 38
26.8%~44.2% M 6.2%~52.3%"",

F2  AEIHE B AER A& IEIT N,O HE A 6 0

Table 2 Effects of green manure on N,O emission under different planting systems

Tofv A ) i RS iR SR N,O i A2 1k E =B N
Planting system Experimental site Chemical  H.fi Proportion  N,O emission change ~ Reference
N applica-  of green manure
tionrate  instead of chem~-
(kg-hm *) ical N
TR FTYI A AE Inter b 517 Beijing, China 300~360 0 —25.5%~—48.8%  [67]
cropping with maize dur~ o1 [# i {54 % T Xinxiang City, Henan Province, China 120 0 —31.98% [68]
ing the pre-growth period ;g 1 4o 58 g 1t Wuwei City, Gansu Province, China 360 0 —17.7% [69]
¥R FEMK LL R 7 45 1% M Ethnic states of southern Ethiopia 32 0 —15.0%~+5.0% [70]
# J5i S Fh 2 JE Rotated o [ H 48 S e T Pingliang City, Gansu Province, China 0~270 0 +6.2%~+52.3% [71]
with wheat
AL Winter green AT 5 44 %2 B 1T Anyang City, Henan Province, China 225 25%~50% —13%~—58% [58,72]
manure in dry land P PEA 54 L Madrid , Spain 190 26% —25.6% [50]
T H A5 Winter green  H1EYLPE 4 F 317 Fengcheng City, Jiangxi Province, China  356. 9 0 —45.2%~—73.4%  [73]
manure in paddy soil o [ YT 9544 25 M 1l Suzhou City, Jiangsu Province,, China 300 0 —2.1%~+53.1%  [74]
v [ 751 75 44 418 BE 7 Qiyang City, Hunan Province,, China 153 0 —26.9%~—48.8% [75]
LV MRIE 208 Green ma- 1 [ d64 24 BA 1T Dangyang City, Hubei Province, China ~ 260~371 15%~30%  —16.1%~—32.2% [76]
nure covers the economic 3 [& # %' i ik Florida, US 260 0 —17.0%~+12.6% [77]

forest

“H 7RI Indicated increase; “ — " F R B Indicated decrease.
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2.2 APALA R 2R IEF rm NL,O HE 2809 it £ 4 AL

Fofr AL ) ) 20 2 3 ok B2 e RS ) (N O, NH, 55 ) ¥ B8 R 3985 01k 45, 04 - R A R S i Ak 2 i 7
J3E 0 22 PR T 5 00 38 NLO HEJIC L IR A K, 3RS L (AOB-amoA \AOA-amoA) Rl AL g e
(nirK \norB nosZI Fl nosZIT) - B ¥4 . 2 H 0, NLO WA A4 5 250D o B 5 2 HE 80 1 4016 0 1038 I ) RE I 21
Y1 35 X (nosZI Bl nosZID) K1 XF 4= JES 0 6] i, &% A8 8 55 228 T & A fk & & (Candidatus Nitrososphaera
evergladensis 1 Candidatus Nitrososphaera gargensis) . YW i§ B8 ¥ it 40 & (Bosea robiniae, Bradyrhizobium
paxllaeri, Bradyrhizobium sp., Chelatococcus daeguensis, Chetalococcus sp., Rhodobacter sphaeroides
Rhodopseudomonas  palustris) F %A b W & & J& 4 W& (Achromobacter cycloclastes, Azospirillum sp. ,
Bradyrhizobium diazoefficiens, daeguensi, Chetalococcus sp. , Microvirga sp. , Rhizobium etli Fl Shinella sp. ) 5
AHE 7 ZEL 1, AT AR NLO ™

ERACIE B, 1) R b AR A AL A HLAS B 8 R NH, i T2 LA Y R 28 A SR 8k
Yy, 3 NH, (306 5 L A AL R R R LD b ST R T B AR ARG 0 T A e A
#OARE T AOA HIAOB [ amoA HeIH - BEJF HLX AOA B 74 45 K9 19 52 W0 785 T AOB™ i fk vk #4142 5 1
NLO HEHC B o 53 b, i A ol A= 49y 38 2o 300 il A 98 38, e 7 S R T AR, 51 S il Al i A i B ok o B SR A
REL, G 3 40 T A 9 SR AR B A W D RE SR TR narG R i K R BET B R AR B S IR A 1B A Ak B A 0 Dy R 3
narG .napA nirK .nirS Fl nos Z1 F JE R e 8835 00, 3 82 7 SO A d B 19 58 BUEE L FRAR T 39 NLO ks ™ . 1)
i, B SR AC AR T S W T 3, B T A R AR R E Wb T RS AN RO AR IR A A R NLO R v
J1o A HUE M AL E A IO T 1K 4 & i R R B AL A L R R BRI S R S — R g PR g 4 eh
F 5 b A 3 NLO HEBC LA A S Ry T R 28 B NGO B HE R U 5N DR EE A DG T 0k B B R HE NLO
BRI ATPEROR

3 N,OBHEF R GAEHI E R ey 2 BB AR

Al Az 7= H A B NLO JCHE B A A5 8 kit A 1 BE (U AE A MILAE 5 AR R 45 B AR AR 45 ) A Ak ok ) B i
Jiti - S8 A R SR Ak B R0 A R P 2 A RE ) D B G B R A Ll e R B IR B HE NLO . ARk,
TS il 7 % AT ) B v O R T A G AR ST N .
3.1 Az Res B

1980— 2014 4F , 3% [ ZUIC (5 FH 2 38 i 7 P A% , (EARR 68 7= S0 i 17 83 %0, R E A AR W i M . AR
A B 2 R R Al AR 7 Hr NLO HE R 32 SRR L 77 90 B AR - 18 NLO HEOR TR T AR AU e ite Vs
ik 15%~19% Akt AU /N2 L B OKR FK RS (4 7= B T34 10%6~19% , B B AW 4096 . ZEH A Hr kM,
e Akt 280 B AR A% Gt U, AT DAFERR AR 25 %0 M A R A (18 % 1 NLO HECE: i[RI, PR B B AR = . T
fil§ Ak 52 A0 R B B 0 A e it 2R RE B A SRR AR NLO B HE I L iR R 2k IR BT 080 it £k 2% IR 20 %6~
40%"  RE A% HE— 2L WD AN IR B R . B T KRR B AR SRR R G b, el Al R R AR NLO HE K, Bl 48 7=
FRARAE H A (25 %6 ~100%6 ) f 38 i, NLO 38 HE H 91 B =2 38 i (44 0% ~83. 7 %)™ 5 A 4% 18] VE 5 ) 2 BE BT 9k e 220 AES
10%~30% ,N,O HE i BEAR T 11. 2% ~32. 2%,

IR A R AR 20 2O B HERE T P 2 & A 1 4 15 2R B, G4k 4 A HILIE NLO HE i 3R R AR™ . A ALIE B AR
1 B 2 B A DL B A b it BB 85 it 2 — , S ) A BILAE B89 NLO BB HE SR AE 7E 22 57 0 i 32 AR AR AR, NLO W i HE
16. 1%6~32. 2%, 1 5 & AR AL 445 NLO HEl i 8 35 n 17 78. 9%, X W] g 543 HUAC Fh 2 8 A
Jiti PR 58 R 2R A AR OG0 S A SR AR A b ke B it FH 9% B RURE NLO HE R B T REAIR 38, 3961, Liu A5 HIE S %
FE PR 1 NLO HE 2R B0 358 T30 50 PR 2 B IR B M R 55 . S MO ) B opr , mT AR i 2 IEL 68 S 3% 0 T ORI AR A 2
VEM 35 43 T SRARAE 26 1538 B A0 R B AURE , 7843 & 44 22 B IR 14 NLO Dl HE S5 <
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A NLO HE B BEAR T 16. 196~52. 426, 768 H “ FLRE — B RE — 48 2= 06 il 32 b, A Bb Z60NE 4 3 5 i, 4 J BRI -
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