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Biotic and abiotic mechanisms of the impact of forest restoration
on soil N,O emissions
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and Enviroment, Southwest Forestry University, Kunming 650224, Yunnan, China; 2. College of Soil and Water
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Abstract: Nitrous oxide (N,O) is the third most important greenhouse gas next to carbon dioxide and methane.
Forest restoration may mediate the changes in plant-soil biological-physicochemical environment, and thereby
significantly affect the dynamics of soil N,O emissions. It is of great scientific significance to explore the biotic
and abiotic mechanisms of the impact of forest restoration on soil N,O emissions. In this study, four microbial
pathways (autotrophic nitrification, heterotrophic nitrification, biological denitrification and nitrifying bacterial
denitrification) of N,O produced from forest soil were reviewed. The regulation mechanisms of biotic factors
(litter, root biomass, root exudates, soil microorganisms and animal communities) and abiotic factors (climate

type, temperature, moisture, pH, carbon pool, as well as nitrogen, phosphorus and potassium pools) affecting
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soil N,O emissions during forest restoration were discussed. At present, research about the effect of forest
restoration on soil N,O emissions mainly focuses on the analysis of single-factor mechanism, while there is a
relative lack of research on the mechanism of multi-factor coupling in regulating the direction, intensity and
dynamics of forest soil N,O emissions. Future research on the regulatory mechanism of greenhouse gas
emissions from forest soil should focus on the synergistic direct or indirect effects of multiple factors of “plant-
microbial-soil fauna-physicochemical environment” wunder the background of global climate change
intensification, so as to provide key theoretical support for accurately predicting the impact of forest restoration
on global climate change. [Ch, 91 ref.]

Key words: forest restoration; N,O emissions; nitrification; denitrification; biological regulation; abiotic

regulation; review;

KA ARHE R B 5 DR RS, O E PR ph 2 ARk F 37 S i P v [l
AT A (N,0) AR T ALIR (CO,) FHBE (CH,) A BRES = IR SARY B AE KRS P A B8 it
A E AR, HIMEREHEON CO, 119300 % . CH, 1 25 %, X aBRARWZ (9 5Tmk 29l 6%, #RARJE N,O HE
R EERIR, ABRAA 33% B N,O SR IR T AR HEC, Bk, #R03 #R Ak £ 18 NLO HE st 72 &L,
B R A Bk A AR AU I 1 S B A 2 I

PR N,O 2R U E Y £ e A A /e R = A, FOOCHIR ARG A FRmifh . SR
k. AW RS AL AR T AN B S A AL S R o RN AR 8 NLO HERGE R M iR 25 AR Ak 52 — R 5 A=
YRR (LS . P AGECEY)) AR N R (HREE . fLEREE . pH KRB B SR 0 55 2L )
P AR RS RGN E R, BB SRR . M2 M SN R TR Y A b
AL IS kA, RIS 4 NLO HERL A A A 2 2p e B = A EA AR ARG R BRI
Bt s R 2R A L, RESE N IR . BIEAR . Stk S R Ak
B, UEmEE 5 NLO P A B R HERU s sh A, BRI R i AR R AT Y R . A R K SRR
1k, BEAZIE AR F AR RRR A VR, 1T B sk A 4 ) 3 NLO HER AL, Uk, B AR R
A “AEY- -y -sh 7 EAEXT 3 NLO HEBGE FESZ M B A= AR 25 220U, X T B AR bR AR
A (TR NS W T Y I Rl N E A U R e oy

HAl, SBERARMIKE mAE A 3.042 hm?, i3] 2030 KK 2 3.5 42 hm™>', R [E S a9 AL
RS E IR/ BT R o o N O] g N S N P N T R A D O 7 s N 2 A WO e 3
AR S5 RIS T A+ HE NLO T8 i A8 b B2 [ R 04T T ARG, SR, A SRR & iE X 1 48
N,O HER I AE P28 SRR A LRI RS AT SR e 2, T EE i 29 7 XM B2 % 438 NLO HERGH i i
P, BB R AL AR . AR SCEER T AR HE NLO HEET 25 46 Jmy Ko, e B T ARbk 445
NLO F=AE PR A 25 2 B D B bR B2 5 | 1) A= P AN A B R 2R AR A% 4398 NLO HERIC FR 952 B
i, A BT IR “HEY)- IR -UE - IS W Ak SO AE-NLO HEL 22 0] 28 HAE X AR A 52 e
R ML A

1 FAEENO -G ¥ A2

1.1 B

F IR AR 2 th 2 S8 LAl TR (AOB) FZ AL T (AOA) BRZhSe ™. i H I H SR UE Y E Ak
AWREHERL N 2B B 55 1B B, AOB 3 AOA A L& X (NH;) N NO; o % 15 )& AOA 1§
AOB i i 24 51 Jin %2 i (AMO) 1 1k 22 A fk i 7% e (NHL,OH); 275 2 20 & AOB Fi| H #% i 48 £k i i il
(HAO) ¥ NH,OH &k~ NO;, 1Ml AOA HI3k & fk NH,OH iYL Rl iy AT 48 . 26 2 BrBUE WASER Atk
7 (NOB) #5417 WA R #h S fb ik J5i i (NXR) #E— 2Pk NO; 8464 i NOs~, izt # Hh NLO 1E M R4
A AOB AU 40 (5 2% P460 i n] LA B 4248k NH,OH Fl1— % fL & (NO) A fbr= 4 N,Ol, Ak, 584
A Ak (Comammox) 4l P& —Fh 4345 IZ MAEALTUAEY), HE&H AMO. HAO FiI NXR DL amod 55 ZF



55 43 B4 X ) PERKSE . AR X b S AL R UHE G e 1) A6 4 5 A 2 L 3

B FNThRe L, W] HE0R NH, 78 24k NO; U, (HH Tt = NO ik i (NOR), A1 N,O RIE T
NH,OH 345 AL™'0 ) R0 Comammox 4H B 7] BEA J2& +4 N,O i E 2RI, ARZWFT LI . ZRAK
WAL S O T I A SRR U M TR ZREPEFISE R, AOB 5 AOA BV ELA IS i Ak 25 45 AE
HREIE LRI T BB T AR S A b 338 pH . NH; WA H SRR R S5 028407, t, 7ERRMRR &2
AR, SR SRR AR S S S AU E DR S A AR 2R, E TS R A AL TR
A FEAs Al AR P i 145 NLO HEjlHE & .
1.2 BRIl

S A B I 2 S R A A 20 T Bl B B OR S NH A HLAUEAL S NOT A i 1R 5 J5m
TR EDARL, FHRAILANE & AMO M HAO, fAfea AL it #2744 B i 1 1) 57 F2 A
OB, SRS RN, & N,O P AER F 2R HY . A UAEFIFH AMO #4772 321k NH, & 4L
R, A RS, RO AT LU R - RO A B AR NLO. SR, R3E NH, 5 R & AR
DR, AHLE RS IR A ZRAR R 0 ZHANG P W48 H . A HLAR IR AR
FERRVEZRAR Xt NOs = A 4% T B ZAE T, XF 8 N,O HEGH & 59 STHR 7T RE L [ FR A5 AL Ve FH
B3 H T X AU LR N A YA 2E R AN, S5 35 0 B B O A LU SR A R S
Y. BEFAEALHLTDZAEPER Y BERERIT . RS S B0 5% pH MR AL (C/N) BE R T 5
FEALVE R 3 NLO (=422 Rtk 38 pH Fibi . RUR Y M HoA i J ARk &2 s ft b 3 55
TEAEF= A NO UG R
1.3 4£¥REK

A=Y A AL B A PR NO, 8 NOs IR UGA A NO. N,O Al N, il f, X — i R vh Je 2 Fh 6
AR, AR ERRER AR (NAR) . RS ER SR A IR (NIR) ., — %L &AL (NOR) LA K —Ffb — A
B 5 (NJOR), MK NO F1 NO I8 5 A (N,), NoO J2iZid i b b By v i) Py sl e 2 . 2
55 RS AR A B 1T DA IR 7R DR AR Bl 5 U A I S AT RN o BCPE 5 A0 TR AT AL R i Ak A, B RO
A T3t A 2 1k 1 R NIR 14 (5, P450, NOR #EAFUS, H 5 R AL A B AR, 76 A R 4| A1
T, ERHIK SN RS ALE R AT LR NO; F NOy VR 224K, i HEH 5= N,OR K& nosZ JE A i
AREHATE AR A, 2B NO 5N Ny, AT BEAH B S Al AL A IR ARpR 1 4% NLO HETik
P DT R T AN R R, AR AR K S RIS R R R T RESS N 3 PL . 14
AHUR . TR KBRS, KRR nirk 3£, NIR ZEH AT N,OR K% N,O A5G Dy RESE R 7=
AETHEEERRY, X RT BB S AR W RS ARV E FHAE AR i A b oA T g, AT E— 25 14 in 3 NLO HEL
.
1.4 FELAE KB

Bl A4 B B A AR AVE 2K NOs 28 NO i — 2R 58 NL,O I E it #2017, AOB Fil AOA ¥ RE 4%
JE3RIK amod FEH LI KGE T AMO BRBNZ A At 72, BR¥FsT AOB WPRERK nirk SERSL, Frfi AOB H Pk
#BALF NIR Il NOR, {H AOA "hitt = 4t NOR LA, [F L3l 3 fif AL 40 B B i Ak ad 72 7= A= N,O /& AOB 11
Wl FFAEY, Al , 7E AOB JEPH A i R & B4t NLOR [Rl ZY LN, UL EA nosZ FEH B I AL
T (% N,OR) J& HHETME—/Y NLO WP, ARZWF5ERIT . AL 4H & Sl A ZEAR R T £ % N,O 1Y
FeAe, IEZ B KR, YK AIRBEAS R T R SR S AR I, A TR O AR T ™A NLO HEL
A R R, R, AR S A AR A AR AN R T R DA K AR R (SR pH AR
JE) AR A A A 20 TR R A A AE FH B3 4 LA & NLO HEiGH & .

2 FARKE S L3 NYO HH A& 4 B 3 AL

21 EYMERTHILE N0 HERHIR T

2,11 W ERFMRE RN ES RS - N A AR R A, AES I
SO - A M TG S TR £ NLO HERBh B s BRI nl B B IR AL A 254 . AR
1, FEG AR i D A B A O, AT % SR AL SR AR DI RE B E ) I NLO 7= A
XFRHERRAR . SR BRI BRARAOBIF TS X2 ] - iy 08 v 0 e B AR PR SR S T o, AR



4 RN/ NI NI e 14 20254 X A 20 H

FNAMKUCH TR . RAFR . N TARESN, [RE, b &2 i 7 b i v s AR AR 8 35 52 1 1= 48 N, O 3
P FERAR RO I BRI AR AR S s R v, ARV G i v 242 iF 48 NLO HE i
PO SRR AR I T AR AR IS N, I NLO T R B AR AR S IR0, R 4 N D bk
N,O HEBGHE & & TR AR, AN TMARFE MRS ORSRARE, R T e s . — 2RIk
AR RATE YR A L2, W T RN, s T AR R, SR U 3 NLO HERGHE S
T IR AR R R 5 ) T AR A B R T AR i sl s i 3 NLO HERLBh AN = RN R
(AR V5 P A\ T BB AR 438 pH RNTCHL IR, RIS = 33 v /U R FEEO 42 AT 52 i) 4= 488 NLO HE
G . BRI, BRI ST 5 | R i I T8 A A B A 9 i A\ 2 R 9 8 NLO HE il s 24 i 2R
Z—
212 HFEAME HMRE U THRAZEYE, AR5 N0 WHEGE =™, ERMESRS
o, AR R R TR AR AR E IR YK S 7 5 B B A 30 I H ARMAR R A4 i+
4 A5 A RT LA 3 el 2 i L AR S A B2 4 %) el R P i R VR R 5 ) = 438 NLO HEGE RPN W9 R B
AR AR AWy A BT AR i A b 4 N,O HEGE B, PRIHBE S BRI S R P AR R A W i
B, 3 N,O HERE &S A 2B BB H . BARNEZE S5 AFFE g 423 NLO HRoHE &
F SR E R R A YA ¢, SHEN 2509 il 5o DIRT S230 & 90 Rl R S b £ . A
DL RS RS B IR AR AEIR AR N -, s/ 3 NLO HEGHE & . X AT AEJE 1 T AR MK B 5 R R AR i
P4 1A T X - 8 R R AT [ v A iR, PR - 3 W A AR E T L S e R RO AR PE R, 3t
B A RO NO HERCE & /0P, PG, 38 N,O HERCE & BE AR M AZ R i gh 7281k, mTREIR
T ARG B BRI ZHE0E . IR . T EERUEY) LIRS I A2 AR
2.1.3 A Aot FRMIRKE 51 R WA X 35 NLO HERL shZ s A B B IR /R AR, R
Vi A2 38 2o 38 AR R A U P A\ R N R R . AR R IV S AR R A A LR P A E A,
A W R A R S AR SE TP, AT 2 3 3 NLO HERSY. SR, AR L AR AR R
BB Sy . B DA Ay Wbl RGN TR], 53O 2R 4 I % 4 NLO HE I S 114 5% W 77 7F — 3 B AN
PEPI, BFGE R AR R IR AR R IR ) 1 NLO HER . 3 ad BDAR 2R 43I
AIWFFE R B, S INAR 28 20 M6y 3403 28 5% W S A 0 T s A1 F 498 NLO HERS, 177 ELAS [R] 2060 8 o %
1458 N,O HEAlGHE &8 K/INMEAE— B 225 . X ATRBSE AR R 0 I in . il = 5984 HILJST o3l RN 3= o0 B
B, O IERCE YR T B 2 ] AR IS RN RE &, DA OE i - AN AL AN R A A A AR P Y NLO HERCPY,
AL : RARTIYIREE /D> 3 N,O HEBGE & . —LUAHYIAR 2 B84 MBS 6 A= Y L o8 i
ALY, 2 . WS RIS G, @] T RE U Y O S e,
o (R B NLO F= AP, PRI, ZRARYK S i A b 3 ek 1 I 28 430 49 B JC 278 ol A = MR g R ARG
3l MR AR bR AU LA NLO HEslS 2 .
2.2 TEMEWMETUI N0 HE

- A YRS B A S R G R F B AR A, N R RIS SR A R A R A 3T
AER. 18 N,O M7 Ak F B M GUAE Yt BRI R 3l , ORS8RI i Ak . S b 2 AR TR A DG HE L
A=Y REZRAE I 96 o) A A AN SR AR AE FH B NLO 7= AR 87 R & RERS 8 35 188 fin ik > + 384 =
HEIEERE . St iitt, o6 0 3 52 m 14 NL,O HERGE AT, T BHMNAECS XF Pu U 4N 3 Fiik 2 ARt
GERI . - S A A il A 0 R AR A 2 TR A s B R BRI B AR BR TG I, 2P T NLO HEROE
F1 o XBARAMRAED X T FRAR 3 B TR A A AE D FE BRI 30 . N TR 398 nirk S5 R4 DU
SRS AL TE S 3 TR A AR, HRSARAE R P2 AR 200 N,Oo WRF5 B AE R 8. IR AN [R5 21 hs
Pinus koraiensis ¥k 135 nirK F1 nosZ B AT VI REVR A B 3% 22 % . X Al REE T4 pH. ISR
g5 RIEYILL AR R W R FAEAN R E AR P S e iR 22 5, X H Uk W LA e B
FTE. Wik, HMAESRGEME R ST H AT AR L, B a4 b ol AE 1 3 W b
HEIE AL AN A, BUE - e E WA LRI R R PR Z R, AT 2 1398 N,O HERL.
23 TIEFWEETHIT N,O HEMEI M

+ S Wy TR R A ) 2R B A R 4y, R R AR IS R G A5 A RN ) R A T R



55 43 B4 X ) PERKSE . AR X b S AL R UHE G e 1) A6 4 5 A 2 L 5

AR i R AR ) AR i T e sh Wy BE AR, T e S W e A7 AL E XS 13 NLO HEik
WA A REW . RZHTTERM] . AR i R ] | TRl SR SR R T R N,O AR
FIHEBOE & . LUBBERS 2512 S B . ARbR - 32k A e i B0 b 2 A PR RS N2 15 i 7 £ 58 N,O HEjGHE
o SUSTR S5V LB . By fli 7 U 70 i AR b U8 v Wy ad R vh RO, R ad o A B 28 i i 2 T4 A
N,O. e, - HEh Yy REMS 720k 1 3 oA My v 20 K A AR W LD /D NLO HECa 51 - S it S5 1
FRE S AT L R e B R NLO L R A i, R G 1] 4 NLO HERCY . Pk, BRARAK
ST BRI R ISP O AS | s L SR AR T A AR A i i B R U S PR I
ST PR A SRR E R, AT 0 NLO AR A

3 FRARKE X £ NL,O Ha e 3 A& 4 5 38 20 AL

3.1 FHRIEZRBT T N0 HEMA T

PR 1 7 P 398 N, O HEBGHE 2 AR A AR i B AN . 2300 B R LA R AN
S, ARSI 3 NL,O HERGHE & BE AR 5 EFE 2 0 . pdi /b mloTe 2 AR AR — ok
Wi, IR HL X A NLO HERGE AR A, #AHT b X A HERGHE AR A w2, SHGE R L, TR 2%
AR A1 NLO HEBGE £ LIS, FAis I R BRpch X A5 T8 22 i BB RV R S A5 0F AR TS A0 A
FAHALI A A, RRARPR 0T 41 NLO HEHGHE & (1 R o 250 9 R : 14 NL,O HEjl & i i
25 225 FER TR S R0 A0 22 5, AR AT R 7 S0k DR S 14 A BRI BBl PN 20K 1 NLO HiE
S Y B RS, BRI 2 B YRR R RN, O U E YR T RS, IR SE T AR
AU, DTG N 398 B A A 2k 8 ORI 3 o (10 01, AR - B A R S i Ak il e ) 2 22
IR Bfy PR 20560 TR R A BRAR g v] AR S M i e, (R R ORI R R R A
EY R, B R R A AL AR A AR, IE N 1 NLO A HERGE 7,
32 TEREETLIT N0 HEA B0

- R A 3R ) AR i T R O ) SR R R R T NLO P2 AR B R B, Rk 2 B
38 L PR A OREE K A L 0 A HLTRT G g i AR T K, el AR R R
B, R IR E, 4R RIS AR A A A B T R R AN [ T A A
ZE5¢, 1 H RS N,O HEAGHE & 835 IEAHSCPT, IV IR F8 H . WA AR R o i P 14 NLO HE
JCE AE 10~20 °C B B 38 T s m R ZU . kTSN DUAN S BRI k8. A [RIKE B Br ik
AR A 498 NLO HEE f B 77 3 8 T = T s

T HEK S JE R 14 NLO P2 AR SHERU B R 22—, 7RI S i At b, MW S AT 14
BETRESESR, HHESKEAKZ, R 3 N,O HEHGHE 5 3 S /K A BRI AT, £+
Bk G, AR T, BRI £S5 NLO0, HBEZE 8 S K nmisg . B i &k
P EEEAMARE  SEED, TR FIT R A R E R IR SAIAEE, SRR E 1 N,O AT
RNV R FEE KA, R TR L 3 52 0 % NLO 1 72 A A S 25 i 4 e VR .
WANG 57 W48 . FRMTE R 5 1 B Bk e iR 17 719%~90% 1) N,O HEGE & . LIAO 48U fiff
GEHE e K A3 - S Ao s o A TR S A P 2 D A P T R 4 NLO HERGE B, PRI, AR
St AR b R R (AR A S G E M A LS GE M, SR IR I NLO HER RS A 5 o At #R
33 TERMITHIT N,O HEm I

- S b e S A, BN LR R AR PERE, PR AR IR R, ke
i) - SEGAE W B BETE S5 R AN RE DTS AN [ il A TR B A AL TR 2 5 48 NLO F2 AR R AR, BRI
PE R A T N LB, B TR AR R AR RS, DT SR, SRS &
P 45T L B AR Y L A T 2 AR, DT Y NLO R L T A A I
— BB R 4 NLO 38 = B e AR A U7, SR R A H, RN RIS 2
YIRS AL, ANALE YT LI B s g it 1, ANl R 3EA HLY AR A A T 23R4T ]
W, BT AT FIE SRR L, SN A R TR R SE S, Rl R A E R A T 2
N,Ol, WA RS R BT 4 N,O HEGE & 5 T 40 5t 4565, AT g2 KA B0 e Rk 23 AR



6 RN/ NI NI e 14 20254 X A 20 H

SARYBOREL, dEmAEAN T SO A R R i 148 NLO B i
3.4 11 pH TXT N,O HERHI M

35 pH B9 AL TT BB 2 20 2E - 8 Wy b R Ak 22 B, 1T XS 12 438 NLO HEloE &= A4 i 2 e, R
MWK SRR POR R R R T A, AR R R 22 7, S8 HIEFR e b & 5 1
L, M-S E 58 pH kAT, BRI 138 pH BLHEEIAHE NLO 77 A A G I U W B v 24
B R Re R 2Rk, T H 423 N,O HERGHE fE3d % 5 pH 2 AT 8K pH Al + 1A
YIRETE T nirk JEFF™ NLO BLBE AR F2 BE RS 5y, JE T3 30448 NL,O HEAlGE S35 M7 £ 3 pH T = 0
PR nosZ B % 5%, G5 NLOR TG VL, FEAL 43 NLO HElm & O teAh, 4 3Eme otk A2 b 7 3%
AOA F1 AOB A=/ #, AOB i AY H sl bt 3R, mERR T 39 AOA £ 5 N,O HEAlE FE,
ZHU 28" 3. NoO HERH & @ B TR AR AR L3R 3 ) L% . HE 50V L3 AR & o &
b, AE A AE S W BRI FH RS R B A - B8 pH, 4] NLOR W&, 3T HE I S i Ak i #2 vh NLO HE it
fo Bk, BMIRE SR - 58 pH 2SR LI Re U E Y ZAEE K NLO PP AE ISR BN .
3.5 TIEERREZTLXT N,O HEM B 0E

St AR BRI S ot B R NLO HEBCA B RS, BRI S R IATE Y . AR R ARE
Yt A S 2 2 F R PR - AR B S B shAS,  [R) B 38 Ao e AR i Ak S £ A= 0 %) mT R e 1 )
20 NLO HERCT>*, IR E Y B E R ae R R, B maRim A, $& & U YT M A A K
B, WOR ZEEA PR iR A A, nT R R R AU A R DL RS A E AR R s[RI, 30 g
S AH AT B HE AR S AR, T[] 0 o 3 n - SFE T I RN 12 S A B DR ST S A, TR
RS AAE LA B NLO HERC®, ARZ R R W] 38 NLO HEBGH #6532 + R RIBRIE A8, BRI E
51 A LR . A W A A M T ) A AR 3K B 3 NLO 77 AR e HEIGE ) R EE R B ek,
TR TP BRI 52 3 i b K R R A8 A A L 5 B s B A LA, ok 338 NLO HEAICAY 32 2R R,
T AR 1338 NLO 77 A 5 38 S 3 AH CP)
3.6 TIEFRETLIT N,O HERMAI R

FRMAR S 5 1+ R AT 1 NLO HEBUR 8 T EZ R IREEH . ZERMIRE v, fwny A
KL R JRIE D A S35 R R R, dhmixt RIS R AL VE I AY JE 5 T = AR R, DA
MR 1458 NLO HEU A P il 205, WA . 338 NLO HEiGH 2 Bl AR AR PR 2 1o 78 v = 38 SRR i
Py B I Ity 2 e AR RARAS, I NyO B SC TR P vl fig 32 31 3 oA 2k i) PR
Hil TCHLARAE R L UE ) = A S AL SOV IR, RS 8 NLO 77 4E . 8 NH, ETE#R
MO S 2ok B v B 2 R Y, i HL A NLO HEBGE 5 NH W B9 28 fta $5— 2™, SR, LI
AOB 1) amoA HE R = B A M A7 158 NHOWREERZ M, 4 1 58 NH ik 2] — 8 Wk B v] 6e 30 i il A A E FH L,
TEPRESMT . NHyHEAATIRG 1 NO; FLE NN N,O HER ™. tbsh, 3 N,O HEm: B %5 ARphpk
SN 2 I NOs WM AR B A P, 75— NOs MR EE T, I fbad B2 rh NLO HEsE it bl &
NO; & BE RN A8 . 2 NO; W EERR i, SEZ% sl il S A Ak 20 BAFF NLO IR JFA N, iy 8, 3
158 NLO HEBGE EIG. FEARIRESFAFE T, Wik 9 NO; ¥k B2 B3 I vl G0 s Ak i A= i v, AT
Sk AEAAE B,
3.7 TIERMRFS ETHIT N,O HERH R0

SRR AN Z 18] A ELAE FHAE TR Y 14 NL,O HERCh i B 2R, mFR R . I AR
S rh B R R, LR B TR R S SR AR R A B A R T B
i = SERS A0 FN B A AR TSR TG R ) NLO HERGE 2 . Sl RS Nt ot 2 80, 2 it 17 iy vk
BRI, SR R oy T e R R R AR B, (0 - S AL N B A Ak 20 PRI M 3 o, DT 32 350 5 7 NL0 HE
OB, AA IR BEASINAT BERRAE L1 NLO AOHERCHE 1o 76 L HEBIVET, R RE NS 22 i A P X
Wl A BT 3 R 1, (R R A X NH, RN NOs W I, 28 1 i 25 A1 1 1 NLO HEE 701,
PRI, AR A o 72 rh B Wl FR ], - Bl 5 NLO HEloa & 9 52 i T A I ik

Bifi 5 AR P S RN - ek T e, R BB B A R S Nt AR R S e i T g



55 43 B4 X ) PERKSE . AR X b S AL R UHE G e 1) A6 4 5 A 2 L 7

N,O HECH i, Ht152 ) + S 50H Rt S 2B s2 i . LI AECO R Gl ge A B . B i 1 - M A
PN AP FH 7 A2 B4 NLO HERGE B, (EER R 25 OIS AT 2t 5 BRI 17 NLO il &, g A
FASFNCHCHE N HE— B3 T N0 HEGE i . BIBUHSECY it sids . SESRICH L, SEEEILE
Oy TAEHE NYO FHERR o 33 7T BB PR Ay i S SR RSO 00 X i PR R W SR Y, S0 A e A T 9 P R = B e
%, #EmA T e NoO HEGE B I, B AT BEIE A B O R R s A X U OR R R
MBS RIS AR, T RIEERZ IR NLO HERL .

4 %iE

TERBRRAE ST, AW AT ABE i S AR R o S SRR TR A T 52 M 38 NLO B, RIIR
ABFFERRMNRE X 3 NLO HERCE M A A SR AL, BA s 2Rl o Hir, KT
MRIRE X IR S NLO HER R Ema iy, EEAE T 8RR AL PR AR N R 1 5
Wi, sR AT S BUEEYIXT NLO HERCH B TTRR, FETESRZ L IERCE Y-S IR & X NLO HEizh
SEEFPLHIPTTE, R bk = AN [FR S By BOARARAE B RIAE AR IR R 2551 F X 8 N, O R 8 A I
L R AN DTS

I, ARARA RIS 11 N,O HFGS BRI RBTE , DOZEROGEZ YN T 240
T RAEY-AREY Z MAHRIE A L SICVE T S ZR A LA, R 2 0 2R £ NL,O HEsh 255
WA T SR AR R PRAEALE, RS AR IR Y R s AR 3R B 5 NLO HE
WA RGBS . Ah, DLORTERMETS S . R S A Bk U AL 1 25 A 25 ] A0 AR A 2 5
B NLO HER S AS Ao, B B W RS 55 T ARG E Y . LS sh W A BRI BRI I 7 1 7
X CO,. NLO CHy HEROT [ R B R A2 mar bl ], U] ) P 4 BRAZ AL IR 5 B AR AR S R 48
(AR Xk b el A AR Bh 28 L i R SR

5 5F it

[1] CHRISTENSEN S, ROUSK K. Global N,O emissions from our planet: which fluxes are affected by man, and can we reduce
these? [J/OL]. iScience, 2024, 27(2): 109042[2024-04-29]. doi: 10.1016/j.is¢i.2024.109042.

[2] JONES C M, SPOR A, BRENNAN F P, et al. Recently identified microbial guild mediates soil N,O sink capacity [J].
Nature Climate Change, 2014, 4: 801-805.

[3] PAN Baobao, ZHANG Yushu, XIA Longlong, et al. Nitrous oxide production pathways in Australian forest soils [J/OL].
Geoderma, 2022, 420: 115871[2024-04-29]. doi: 10.1016/j.geoderma.2022.115871.

[4] HU Hangwei, CHEN Deli, HE Jizheng. Microbial regulation of terrestrial nitrous oxide formation: understanding the
biological pathways for prediction of emission rates [J]. FEMS Microbiology Reviews, 2015, 39(5): 729749

[5] van LENT J, HERGOUALC H K. VERCHOT L V. Reviews and syntheses: soil N,O and NO emissions from land use and
land-use change in the tropics and subtropics: a meta-analysis [J]. Biogeosciences, 2015, 12(23): 7299-7313.

(6] XUk, TR, PRk, 5. NP AT AR bR 4 068 39 UG A0 G B D RE BB W RV RO S i) (0], A2 252 41, 2024, 44(9):
3636-3647.

LIU Ting, LEI Zhigang, CHEN Shu, et al. Effects of subtropical forest conversion on key functional microbial communities
of soil nitrogen transformation [J]. Acta Ecologica Sinica, 2024, 44(9): 3636-3647.

[7] ZHONG Yangquanwei, YAN Weiming, CANISARES L P, et al. Alterations in soil pH emerge as a key driver of the impact
of global change on soil microbial nitrogen cycling: evidence from a global meta-analysis [J]. Global Ecology and
Biogeography, 2023, 32(1): 145—165.

[8] KUIPER L, de DEYN G B, THAKUR M P, et al. Soil invertebrate fauna affect N,O emissions from soil [J]. Global Change
Biology, 2013, 19(9): 2814-2825.

(91 Zeflfil, EHBZE. A4 SR A W R R X ARbR LI EH fhn P4 L L], Wi LARMR R 222441, 2021, 38(3): 613—623.

ZUO Qiangian, WANG Shaojun. Regulation mechanism of biotic and abiotic factors on the nitrogen mineralization of forest
soil [J]. Journal of Zhejiang A&F University, 2021, 38(3): 613—623.
[10] ZHOU Yuting, MENG Delong, OSBORNE B, et al. The impact of modifications in forest litter inputs on soil N,O fluxes: a


https://doi.org/10.1016/j.isci.2024.109042
https://doi.org/10.1038/nclimate2301
https://doi.org/10.1016/j.geoderma.2022.115871
https://doi.org/10.1093/femsre/fuv021
https://doi.org/10.5194/bg-12-7299-2015
https://doi.org/10.1111/geb.13616
https://doi.org/10.1111/geb.13616
https://doi.org/10.1111/gcb.12232
https://doi.org/10.1111/gcb.12232

8 RN/ NI NI e 14 20254 X A 20 H

meta-analysis [J/OL]. Atmosphere, 2022, 13(5): 742[2024-04-29]1. doi: 10.3390/atmos13050742.

[11] de JONG W, LIU Jinlong, LONG Hexing. The forest restoration frontier [J]. Ambio, 2021, 50(12): 2224-2237.

(12] 5K, EHREE, PRI RS, 45, PEOURRAN AN [R) T4 (o Be vy R ik 18 N O ORGSR RAAE (0], AR SR 5541, 2019, 28(4):
702-708.

ZHANG Zhe, WANG Shaojun, CHEN Minkun, et al. Temporal characteristics of soil N,O emission of different succession
stages in Xishuangbanna tropical forests [J]. Ecology and Environmental Sciences, 2019, 28(4): 702—708.

(137 BRIKIGE, BRER, A1 ¥, 55 2 APR38R 28 SR HEON B AT AR KR A 40 i 17 [0 i VAR AR R 2241, 2021,
38(4): 703—-711.

ZHANG Qingxiao, CHEN Jun, ZHU Xiangtao, et al. On the short-term response of soil greenhouse gas emissions in
Cunninghamia lanceolata forest to the expansion and eradication of Phyllostachys edulis [J]. Journal of Zhejiang A&F
University, 2021, 38(4): 703—711.

[14] DUAN Beixing, CAI Tijiu, MAN Xiuling, et al. Different variations in soil CO,, CH,, and N,O fluxes and their responses to
edaphic factors along a boreal secondary forest successional trajectory [J/OL]. Science of the Total Environment, 2022,
838(1): 155983[2024-04-29]. doi: 10.1016/j.scitotenv.2022.155983.

[15] CARANTO J D, VILBERT A C, LANCASTER K M. Nitrosomonas europaea cytochrome P460 is a direct link between
nitrification and nitrous oxide emission [J]. Proceedings of the National Academy of Sciences of the United States of
America, 2016, 113(51): 14704—14709.

[16] KITS K D, JUNG M Y, VIERHEILIG J L, ef al. Low yield and abiotic origin of N,O formed by the complete nitrifier
Nitrospira inopinata [J/OL]. Nature Communications, 2019, 10(1): 1836[2024-04-29]. doi: 10.1038/s41467-019-09790-x.

[17] MARTIKAINEN P J. Heterotrophic nitrification: an eternal mystery in the nitrogen cycle [J/OL]. Soil Biology and
Biochemistry, 2022, 168: 108611[2024-04-29]. doi: 10.1016/j.s0ilbi0.2022.108611.

[18] MAEDA K, SPOR A, EDEL-HERMANN V, et al. N,O production, a widespread trait in fungi [J/OL]. Scientific Reports,
2015, 5: 9697[2024-04-29]. doi: 10.1038/srep09697.

[19] ZHU Tongbin, MENG Tianzhu, ZHANG Jinbo, et al. Fungi dominant heterotrophic nitrification in a subtropical forest soil
of China [J]. Journal of Soils and Sediments, 2015, 15(3): 705-709.

[20] ZHANG Yanchen, ZHANG Jinbo, MENG Tianzhu, et al. Heterotrophic nitrification is the predominant NO3production
pathway in acid coniferous forest soil in subtropical China [J]. Biology and Fertility of Soils, 2013, 49: 955-957.

[21] GAO Wenlong, FAN Changhua, ZHANG Wen, et al. Heterotrophic nitrification of organic nitrogen in soils: process,
regulation, and ecological significance [J]. Biology and Fertility of Soils, 2023, 59: 261-274.

[22] ZHANG Yi, WANG Jing, DAI Shenyan, et al. The effect of C:N ratio on heterotrophic nitrification in acidic soils [J/OL].
Soil Biology and Biochemistry, 2019, 137: 107562 [2024-04-29]. doi: 10.1016/j.50ilbi0.2019.107562.

[23] LOURENCO K S, de ASSIS COSTA O Y, CANTARELLA H, et al. Ammonia-oxidizing bacteria and fungal denitrifier
diversity are associated with N,O production in tropical soils [J/OL]. Soil Biology and Biochemistry, 2022, 166:
108563 [2024-04-29]. doi: 10.1016/j.50ilbi0.2022.108563.

[24] LI Zhaolei, TANG Ze, SONG Zhaopeng, et al. Variations and controlling factors of soil denitrification rate [J]. Global
Change Biology, 2022, 28(6): 2133-2145.

[25] WRAGE-MONNIG N, HORN M A, WELL R, et al. The role of nitrifier denitrification in the production of nitrous oxide
revisited [J/OL]. Soil Biology and Biochemistry, 2018, 123: A3—A16[2024-04-29]. doi: 10.1016/j.s0ilbio.2018.03.020.

[26] ZHU-BARKER X, BURGER M, DOANE T A, et al. Ammonia oxidation pathways and nitrifier denitrification are
significant sources of N,O and NO under low oxygen availability [J]. Proceedings of the National Academy of Sciences of
the United States of America, 2013, 110(16): 6328—6333.

[27] JIANG Jun, WANG Yingping, ZHANG Hao, et al. Contribution of litter layer to greenhouse gas fluxes between atmosphere
and soil varies with forest succession [J/OL]. Forests, 2022, 13(4): 544[2024-04-29]. doi: 10.3390/13040544.

[28] GAO Jinbo, ZHOU Wenjun, LIU Yuntong, et al. Effects of litter inputs on N,O emissions from a tropical rainforest in
southwest China [J]. Ecosystems, 2018, 21(5): 1013—1026.

(20] A HEAT, VR, BRIV, 25, 65 g JQUAI TR L B R AR v 1 B Mg L] AR 272741, 2019, 37(5): 593601

SHI Jiazhu, XU Han, LIN Mingxian, et al. Dynamics of litterfall production in the tropical mountain rainforest of


https://doi.org/10.3390/atmos13050742
https://doi.org/10.1007/s13280-021-01614-x
https://doi.org/10.1016/j.scitotenv.2022.155983
https://doi.org/10.1038/s41467-019-09790-x
https://doi.org/10.1038/s41467-019-09790-x
https://doi.org/10.1038/s41467-019-09790-x
https://doi.org/10.1038/s41467-019-09790-x
https://doi.org/10.1038/s41467-019-09790-x
https://doi.org/10.1038/s41467-019-09790-x
https://doi.org/10.1038/s41467-019-09790-x
https://doi.org/10.1016/j.soilbio.2022.108611
https://doi.org/10.1038/srep09697
https://doi.org/10.1007/s11368-014-1048-4
https://doi.org/10.1007/s00374-012-0772-4
https://doi.org/10.1007/s00374-023-01707-7
https://doi.org/10.1016/j.soilbio.2019.107562
https://doi.org/10.1016/j.soilbio.2022.108563
https://doi.org/10.1111/gcb.16066
https://doi.org/10.1111/gcb.16066
https://doi.org/10.1016/j.soilbio.2018.03.020
https://doi.org/10.3390/f13040544
https://doi.org/10.1007/s10021-017-0199-8
https://doi.org/10.11913/PSJ.2095-0837.2019.50593

55 43 B4 X ) PERKSE . AR X b S AL R UHE G e 1) A6 4 5 A 2 L 9

Jianfengling, Hainan Island, China [J]. Plant Science Journal, 2019, 37(5): 593—601.

[30] ABM, mF3C, FRARK, A5, VU XU A P 219 T AR 5 A5 AR YA 7 0 B 45 /K AR L0 Wi VAR ROR -~ 2 4R, 2018, 35(6):
1054-1061.

XIONG Zhuang, YE Wen, ZHANG Shubin, et al. Water-holding capacity in forest litter of a seasonal tropical rainforest and
a rubber plantation of Xishuangbanna in Southwest China [J]. Journal of Zhejiang A&F University, 2018, 35(6):
1054-1061.

[31] LIU Xiaodong, FENG Yingjie, ZHAO Xinyu, et al. Climatic drivers of litterfall production and its components in two
subtropical forests in South China: a 14-year observation [J/OL]. Agricultural and Forest Meteorology, 2024, 344:
109798[2024-04-29]. doi: 10.1016/j.agrformet.2023.109798.

[32] HRFARS, VFTH, J1 et ASTRIRRIES 19 R AR U A BRAAZ AN AR S i A rh A 7 i 84 (0] AR AR RO ML, 2022,
53(1): 59-65.

RAN Songsong, XU Zijun, WAN Xiaohua. Changes of litterfall amount in natural secondary forests and Chinese fir

plantations of different forest ages during the restoration process [J]. Fujian Agricultural Science and Technology, 2022,

53(1): 59-65.
(33] Z=9EFL, bk, 2B A7, 55, BAb 3 Fobksr 75 0F AR R - 3 AR b2 P RRAE U], Wi DR MR 24254, 2020, 37(1):
18-26.

LI Feifan, SUN Bing, PEI Nancai, et al. Characteristics of litter-root-soil ecological stoichiometry of three forest stands in
northern Guangdong [J]. Journal of Zhejiang A&F University, 2020, 37(1): 18-26.

[34] LEITNER S, SAE-TUN O, KRANZINGER L, et al. Contribution of litter layer to soil greenhouse gas emissions in a
temperate beech forest [J]. Plant and Soil, 2016, 403(1/2): 455—469.

[35] BUR TS, EALTE, K. 6 Rl SRR R R ARPR BAE N B 1] 42752441, 2017, 37(3): 760-769.

WU Qigian, WANG Chuankuan, ZHANG Quanzhi. Inter-and intra-annual dynamics in litter production for six temperate
forests [J]. Acta Ecologica Sinica, 2017, 37(3): 760—769.

[36] BAI Zhenzhi, YANG Gang, CHEN Huai, et al. Nitrous oxide fluxes from three forest types of the tropical mountain
rainforests on Hainan Island, China [J]. Atmospheric Environment, 2014, 92: 469—477.

[37] ZHOU Wenjun, JI Hongli, ZHU Jing. et al. The effects of nitrogen fertilization on N,O emissions from a rubber plantation
[J/OL]. Scientific Reports, 2016, 6: 28230[2024-04-29]. doi: 10.1038/srep28230.

[38] 1R, LA, FEEHE, % A2 ARG S AR 1 0 2 AR B9 22 57 (0] Wi RO 22241, 2019, 36(2): 307-317.
XU Rui, JIANG Chungian, BAI Yanfeng, et al. Soil greenhouse gas fluxes in pure and mixed stands of Chinese fir [J].
Journal of Zhejiang A&F University, 2019, 36(2): 307-317.

(39] 2=y, BeSCAE. A pg DAY A TORR 398 — S0 A BioA 4 f0 I ZRUE B AIF Y (0] WV RAMOR 2427412, 2011, 28(1): 26-32.
LI Haifang, DUAN Wenjun. Soil CO, and N,O fluxes from four typical plantations in Southern China [J]. Journal of
Zhejiang A&F University, 2011, 28(1): 26—32.

[40] WU Bin, MU Changcheng. Effects on greenhouse gas (CH4, CO,, N,O) emissions of conversion from over-mature forest to
secondary forest and Korean pine plantation in northeast China [J/OL]. Forests, 2019, 10(9): 788[2024-04-29]. doi:
10.3390/f10090788.

[41] YANG Jing, WU Fuzhong, WEI Xinyu, et al. Global positive effects of litter inputs on soil nitrogen pools and fluxes [J].
Ecosystems, 2022, 26(4): 860—872.

[42] ZHENG Xiang, WANG Shuli, XU Xingtong, et al. Soil N,O emissions increased by litter removal but decreased by
phosphorus additions [J]. Nutrient Cycling in Agroecosystems, 2022, 123(1): 49-59.

[43] skE54, 1, K, 55, VPR XAR R 13 NoO 728 5 HER B AL WF e ot e [0 rb A= 38R0 2741, 2023,
31(8): 1322-1329.

ZHANG Yuming, XING Li, LI Xiaoxin, et al. Research progress on the regulatory mechanisms of crop roots on N,O
production and emissions in rhizosphere soil [J]. Chinese Journal of Eco-Agriculture, 2023, 31(8): 1322—1329.

[44] LALNUNZIRA C, BREARLEY F Q, TRIPATHI S K. Root growth dynamics during recovery of tropical mountain forest in
north-east India [J]. Journal of Mountain Science, 2019, 16(10): 2335-2347.

[45] ARG, ZRAEX, 4, 55, AT S AN N TOMAR R AW B oA Sy (D). ) PO RS 224 (FLARBLRR), 2020,


https://doi.org/10.11913/PSJ.2095-0837.2019.50593
https://doi.org/10.1016/j.agrformet.2023.109798
https://doi.org/10.1038/srep28230
https://doi.org/10.3390/f10090788
https://doi.org/10.1007/s11629-018-5303-9

10 WroIL R R K A R 20254E X H 20 H

38(1): 149-156.
SONG Zunrong, QIN Jiashuang, LI Mingjin, et al. Study on root biomass of Pinus massoniana plantations in subtropical
China [J]. Journal of Guangxi Normal University (Natural Science Edition), 2020, 38(1): 149—-156.

[46] BIRHZR, PRAS, BREH, 5. P ARl 2k B MRS )35 o BEAR AR A i AR 1 0] BRG0P 2741, 2023, 18(1):
34-40.

CAO Lirong, CHEN Rong, CHEN Ming, et al. Root biomass of mid-subtropical evergreen broad-leaved forest during
natural succession [J]. Journal of Subtropical Resources and Environment, 2023, 18(1): 34—40.

[47] 2R L, BT A, TR Y, 55 UWAEMRAA TR R AW & . JESRE . F80 KOS 1R G R V] AR IRE AR,
2019, 28(12): 2349-2355.

LI Feifan, PEI Nancai, SHI Zhaowan, et al. Relationships between soil nutrients and root biomass, morphological traits and
nutrients for secondary forests and plantations [J]. Ecology and Environmental Sciences, 2019, 28(12): 2349-2355.

(48] X4, EUREE, #hilEoe, 5. A0S [R) 8 2E A AR U AR MR AR Wy i 2 2 () 3 BCARAE [0 2R 2524k, 2014, 34(23)
7026—7037.

ZHAO lJinlong, WANG Luoxin, HAN Hairong, et a/. Biomass and spatial distribution characteristics of Pinus tabulaeformis
natural secondary forest at different age groups in the Liaoheyuan Nature Reserve, Hebei Province [J] Acta Ecologica
Sinica, 2014, 34(23): 7026—7037.

[49] Tk, PhBEIR, sk, 45 0L L IR I i R AR ANAR A= W B A ) AR R A (0], 0 A 3SR, 2021, 32(9):
3053-3060.

ZHANG Yunyu, SUN Xiaofeng, ZHANG Linfeng, et al. Fine root biomass, production, and turnover rate in a temperate
deciduous broadleaved forest in the Maoer Mountain, China [J]. Chinese Journal of Applied Ecology, 2021, 32(9):
3053-3060.

[50] ZHANG Quanzhi, WANG Chuankuan, ZHOU Zhenghu. Does the net primary production converge across six temperate
forest types under the same climate? [J]. Forest Ecology and Management, 2019, 448: 535-542.

[51] COSKUN D, BRITTO D T, SHI Weiming, et al. How plant root exudates shape the nitrogen cycle [J]. Trends in Plant
Science, 2017, 22(8): 661-673.

[52] BARNEZE A S, PETERSEN S O, ERIKSEN J, et al. Belowground links between root properties of grassland species and
N,O concentration across the topsoil profile [J/OL]. Soil Biology and Biochemistry, 2024, 196: 109498[2024-04-29]. doi:
10.1016/j.s0i1bi0.2024.109498.

[53] SHEN Yawen, FENG Jiguang, ZHOU Daiyang, et al. Impacts of aboveground litter and belowground roots on soil
greenhouse gas emissions: evidence from a DIRT experiment in a pine plantation [J/OL]. Agricultural and Forest
Meteorology, 2023, 343: 109792[2024-04-29]. doi: 10.1016/j.agrformet.2023.109792.

[54] ZRERE, SRR, X IREE, 45, B R 73 Wi A AR bR L R AL I S IR DI 25534 (0] WV R MRS 41, 2021,
38(5): 916—925.

CAI Yinmei, ZHANG Chengfu, ZHAO Qingxia, et al. Effect of simulated root exudates input on soil nitrogen
transformation: a review [J]. Journal of Zhejiang A&F University, 2021, 38(5): 916-925.

[55] FEME, ARAl, T 2%, 55, R IRAR 2R 3 WA W %+ 38 NLO HE K [ A7 R ARAEAE i 520 (7], wh RO FL22, 2020, 53(9):
1860—1873.

ZHUANG Shan, LIN Wei, DING Junjun, et al. Effects of different root exudates on soil N,O emissions and isotopic
signature [J]. Scientia Agricultura Sinica, 2020, 53(9): 1860—1873.

[56] LU Yufang, WANG Fangjia, MIN Ju, et al. Biological mitigation of soil nitrous oxide emissions by plant metabolites
[J/OL]. Global Change Biology, 2024, 30(5): 17333[2024-04-29]. doi: 10.1111/gcb.17333.

[57] LEVY-BOOTH DJ, PRESCOTT C E, GRAYSTON S J. Microbial functional genes involved in nitrogen fixation,
nitrification and denitrification in forest ecosystems [J]. Soil Biology and Biochemistry, 2014, 75: 11-25.

(58] F WM, B ez, Rlitfe, 55, P AR popk 52 o i v 20 SR 1 20 681 AR 5 1) 2 1 A2 Ak [0 W AR 25 244, 2024, 35(5):
1242-1250.

WANG Mingliu, CAO Qianbin, LU Mei, et al. Seasonal changes of ammonia-oxidizing bacterial communities during
tropical forest restoration [J1. Chinese Journal of Applied Ecology, 2024, 35(5): 1242—1250.


https://doi.org/10.1016/j.foreco.2019.06.035
https://doi.org/10.1016/j.tplants.2017.05.004
https://doi.org/10.1016/j.tplants.2017.05.004
https://doi.org/10.1016/j.soilbio.2024.109498
https://doi.org/10.1016/j.agrformet.2023.109792
https://doi.org/10.1111/gcb.17333
https://doi.org/10.1016/j.soilbio.2014.03.021

55 43 B4 X ) PERKSE . AR X b S AL R UHE G e 1) A6 4 5 A 2 L 11

(591 REKAM, ARACHT, MARHNE, A5, RO SERI0S S7 Pty B bR 3 P SR b L T SR A 0 2 BE s (0] AR i 2
e (ASREL2AR), 2024, 40(1): 45-51, 68.

DENG Milin, LIN Yongxin, YE Guiping, et al. Effects of forest types on the abundance of fungal denitrifiers in soil
aggregates from a subtropical forest [J]. Journal of Fujian Normal University (Natural Science Edition), 2024, 40(1):
45-51, 68.

(601 BT, B SChR, MR8, 55, /N2 3 Tl UG LIAME SSMR 35 nirk B4 SRR AL T DURER ARIE D] bl R 22
e (A RBERR), 2021, 45(2): 77-86.

CHEN Xiubo, DUAN Wenbiao, CHEN Lixin, et a/. Community structure and diversity of soil nirK-type denitrifying
microorganisms in three forest types of primitive Pinus koraiensis mixed forest in Liangshui National Nature Reserve,
Lesser Khingan Mountains [J]. Journal of Nanjing Forestry University (Natural Sciences Edition), 2021, 45(2): 77-86.

[61] ZHANG Yakun, PENG Sai, CHEN Xinli, ef al. Plant diversity increases the abundance and diversity of soil fauna: a meta-
analysis [J/JOL]. Geoderma, 2022, 411: 115694 [2024-04-29]. DOI: 10.1016/j. geoderma. 2022.115694.

[62] LUBBERS I M, van GROENIGEN K J, FONTE S J, et al. Greenhouse-gas emissions from soils increased by earthworms
[I]. Nature Climate Change, 2013, 3: 187-194.

[63] SUSTR V, SIMEK M, FAKTOROVA L, ef al. Release of greenhouse gases from millipedes as related to food, body size,
and other factors [J/OL]. Soil Biology and Biochemistry, 2020, 144: 107765[2024-04-29]. DOIL: 10.1016/j.s0ilbio.2020.
107765.

[64] SHEN Haoyang, SHIRATORI Y, OHTA S, et al. Mitigating N,O emissions from agricultural soils with fungivorous mites
[J]. The Isme Journal, 2021, 15(8): 2427-2439.

[65] LI Zhaolei , ZENG Zhaoqi, TIAN Dashuan, et al. Global patterns and controlling factors of soil nitrification rate [J]. Global
Change Biology, 2020, 26(7): 4147-4157.

[66] ZHANG Kerou, ZHU Qiuan, LIU Jinxun, et al. Spatial and temporal variations of N,O emissions from global forest and
grassland ecosystems [J]. Agricultural and Forest Meteorology, 2019, 266: 129—139.

[67] DAI Zhongmin, YU Mengjie, CHEN Huaihai, et al. Elevated temperature shifts soil N cycling from microbial
immobilization to enhanced mineralization, nitrification and denitrification across global terrestrial ecosystems [J]. Global
Change Biology, 2020, 26(9): 5267-5276.

[68] DYMOV A A, STARTSEV V V. Changes in the temperature regime of podzolic soils in the course of natural forest
restoration after clearcutting [J]. Eurasian Soil Science, 2016, 49(5): 551-559.

[69] it Jg, SREZAR, SR SC ZARALIRA UAE RIS A TbR 38 CH, WHSORT NLO HERIE B[] A= 2577+41, 2013, 33(17):
5320—-5328.

SUN Hailong, ZHANG Yandong, WU Shiyi. Methane and nitrous oxide fluxes in temperate secondary forest and larch
plantation in Northeastern China [J]. Acta Ecologica Sinica, 2013, 33(17): 5320—5328.

[70] ZHAO Xinyu, ZHANG Weiqiang, FENG Yingjie, ef al. Soil organic carbon primarily control the soil moisture characteristic
during forest restoration in subtropical China [J/OL]. Frontiers in Ecology and Evolution, 2022, 10[2024-04-29]. DOI:
10.3389/fevo.2022.1003532.

[71] SCHAUFLER G, KITZLER B, SCHINDLBACHER A, et al. Greenhouse gas emissions from European soils under different
land use: effects of soil moisture and temperature [J]. European Journal of Soil Science, 2010, 61: 683—696.

[72] i, RBUE, WA, 55 AT BRPR 1 3 L B/ T 5 17 2B 19 NLO Sl RE A S2 IR (1] Sl Rl 5 PR 2 412, 2016,
11(4): 29-36.

GAO lJie, ZHU Sijia, GAO Ren, et al. Effects of exogenous organic carbons on N,O emissions attributable to forest soil
fungal/bacterial activities [J]. Journal of Subtropical Resources and Environment, 2016, 11(4): 29-36.

[73] WANG Shaojun, ZUO Qiangian, CAO Qianbin, et al. Acceleration of soil N,O flux and nitrogen transformation during
tropical secondary forest succession after slash-and-burn agriculture [J/OL]. Soil & Tillage Research, 2021, 208:
104868[2024-04-29]. DOI: 10.1016/;.5ti11.2020.104868.

[74] LIAO Jiayuan, LUO Qiqi, HU Ang, et al. Soil moisture-atmosphere feedback dominates land N,O nitrification emissions
and denitrification reduction [J]. Global Change Biology, 2022, 28(21): 6404—6418.

[75] BALAINE N, CLOUGH T J, BEARE M B, et al. Changes in relative gas diffusivity explain soil nitrous oxide flux dynamics


https://doi.org/10.1038/nclimate1692
https://doi.org/10.1038/s41396-021-00948-4
https://doi.org/10.1111/gcb.15211
https://doi.org/10.1111/gcb.15211
https://doi.org/10.1134/S1064229316050021
https://doi.org/10.5846/stxb201204260600
https://doi.org/10.5846/stxb201204260600
https://doi.org/10.1111/j.1365-2389.2010.01277.x
https://doi.org/10.1111/gcb.16365

12 WroIL R R K A R 20254E X H 20 H

[J]. Soil Science Society of America Journal, 2013, 77(5): 1496—1505.

[76] SPOHN M, STENDAHL J. Soil carbon and nitrogen contents in forest soils are related to soil texture in interaction with pH
and metal cations [J/OL]. Geoderma, 2024, 441: 116746[2024-04-29]. DOI: 10.1016/j.geoderma.2023.116746.

[77] MANGALASSERY S, SJOGERSTEN, SPARKES D L, ef al. The effect of soil aggregate size on pore structure and its
consequence on emission of greenhouse gases [J]. Soil and Tillage Research, 2013, 132: 39—46.

[78] LIE Zhiyang, HUANG Wenjuan, ZHOU Guoyi, ef al. Acidity of soil and water decreases in acid-sensitive forests of tropical
China [J]. Environmental Science & Technology, 2023, 57(30): 11075—11083.

[79] AAei, skt Eak, . 38— SR SR RO B AT sk it ma iz S AL L. Wiy LA pRoR 22441, 2024, 413):
659—-668.

YU Yadi, ZHANG Xi, WANG Hao, et al. Response of soil CO, and N,O emissions to Phyllostachys edulis expansion and
its mechanism [J]. Journal of Zhejiang A&F University, 2024, 41(3): 659—668.

[80] SHAABAN M, WU Yupeng, KHALID M S, ef al. Reduction in soil N,O emissions by pH manipulation and enhanced nosZ
gene transcription under different water regimes [J]. Environmental Pollution, 2018, 235: 625-631.

[81] HE Tiehu, DING Weixin, CHENG Xiaoli, et al. Meta-analysis shows the impacts of ecological restoration on greenhouse
gas emissions [J/OL]. Nature Communications, 2024, 15(1): 2668[2024-04-29]. DOI: 10.1038/s41467-024-46991-5.

(82] M3e¥e, THRZE, M1, 2. 3R AR S 0 WO Py BRI A B w7 [T R 252741, 2023, 43(23): 9877-9890.

XIE Lingling, WANG Shaojun, XIAO Bo, et al. Responses of soil carbon component accumulation and allocation to tropical
forest restoration [J]. Acta Ecologica Sinica, 2023, 43(23): 9877-9890.

[83] GUENET B, GABRIELLE B, CHENU C, ef al. Can N,O emissions offset the benefits from soil organic carbon storage?
[J]. Global Change Biology, 2021, 27(2): 237-256.

[84] STUCHINER E R, von FISCHER J C. Using isotope pool dilution to understand how organic carbon additions affect N,O
consumption in diverse soils [J]. Global Change Biology, 2022, 28(13): 4163—4179.

[85] CAI Xiaoqing, LIN Ziwen, PENTTINEN P, et al. Effects of conversion from a natural evergreen broadleaf forest to a moso
bamboo plantation on the soil nutrient pools, microbial biomass and enzyme activities in a subtropical area [J]. Forest
Ecology and Management, 2018, 422: 161-171.

[86] W+ 2K, JAISR, sk, S5 Az W o e ik PR 2R 185 188 PR 3008 B A7 AR b S A I 260 B 52 (D] VRO 4iR,
2023, 40(1): 135-144.

CAO Shanzhi, ZHOU Jiashu, ZHANG Shaobo, et al. Effects of biochar-based urea and common urea on soil N,O flux in
Phyllostachys edulis forest soil [J]. Journal of Zhejiang A&F University, 2023, 40(1): 135—-144.

[87] ZHANG Huiling, DENG Qi, SCHADT C W, et al. Precipitation and nitrogen application stimulate soil nitrous oxide
emission [J]. Nutrient Cycling in Agroecosystems, 2021, 120(13): 363—378.

[88] ZHU Xiaoye, FANG Xi, WANG Liufang, et al. Regulation of soil phosphorus availability and composition during forest
succession in subtropics [J/OL]. Forest Ecology and Management, 2021, 502: 119706[2024-04-29]. doi.org/10.1016/
j-foreco.2021.119706.

[89] SHEN Yawen, ZHU Biao. Effects of nitrogen and phosphorus enrichment on soil N,O emission from natural ecosystems: A
global meta-analysis [J/OL]. Environmental Pollution, 2022, 301: 118993[2024-04-29]. DOI: 10.1016/j.envpol.2022.
118993.

[90] LI Zhiguo, LI Linyang, XIA Shujie, et al. K fertilizer alleviates N,O emissions by regulating the abundance of nitrifying and
denitrifying microbial communities in the soil-plant system [J/OL]. Journal of Environmental Management, 2021, 291:
112579[2024-04-29]. DOIL: 10.1016/j.jenvman.2021.112579.

(911 E U, X, 2R, 5. AR B K K BUE 25 22 50 T 38 a4 A A I AR 20 [T, Rl R4,
2020, 39(5): 1122—1129.

XIA Shujie, LIU Chuang, YUAN Xiaoliang, et al. Effects of different nitrogen and potassium levels and nitrogen forms on

soil ammonia volatilization and nitrous oxide emissions [J]. Journal of Agro-Environment Science, 2020, 39(5): 1122—1129.


https://doi.org/10.2136/sssaj2013.04.0141
https://doi.org/10.1016/j.still.2013.05.003
https://doi.org/10.1111/gcb.15342
https://doi.org/10.1111/gcb.16190
https://doi.org/10.1016/j.foreco.2018.04.022
https://doi.org/10.1016/j.foreco.2018.04.022

	1 森林土壤N2O产生的微生物学过程
	1.1 自养硝化
	1.2 异养硝化
	1.3 生物反硝化
	1.4 硝化细菌反硝化

	2 森林恢复对土壤N2O排放的生物学驱动机制
	2.1 植物因素变化对土壤N2O排放的影响
	2.1.1 地上凋落物质量
	2.1.2 根系生物量
	2.1.3 根系分泌物

	2.2 土壤微生物变化对N2O排放的影响
	2.3 土壤动物群落变化对N2O排放的影响

	3 森林恢复对土壤N2O排放的非生物学驱动机制
	3.1 森林气候类型对土壤N2O排放的影响
	3.2 土壤温湿度变化对N2O排放的影响
	3.3 土壤质地变化对N2O排放的影响
	3.4 土壤pH变化对N2O排放的影响
	3.5 土壤碳库变化对N2O排放的影响
	3.6 土壤氮库变化对N2O排放的影响
	3.7 土壤磷钾养分库变化对N2O排放的影响

	4 结语
	参考文献

