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Abstract

Atmospheric nitrogen deposition has increased in the last several decades due to anthropogenic activities and
global changes. Increasing nitrogen deposition has become an important factor regulating carbon cycle in grass-
land ecosystems. Litter decomposition, a key process of carbon and nutrient cycling in terrestrial ecosystems, is
the main source of soil carbon pool and the basis of soil fertility maintenance. Elevated nitrogen deposition could
affect litter decomposition by raising soil nitrogen availability, increasing the quantity and quality of litter inputs,
and altering soil microorganism and soil conditions. Litter decomposition are complex biological, physical and
chemical processes, which were affected by abiotic, biological factors and their interactions. The effects of nitro-
gen deposition on litter decomposition and the underlying mechanisms were discussed in this paper, including the
aspactes of soil nitrogen availability, litter production, litter quality, microclimate, soil microorganism and en-
zyme activities. The main research contents, directions, methods and existing problems of litter decomposition in
grasslands were discussed. We also discussed the prospect of future directions to study the interaction and feed-
back between nitrogen deposition and grassland ecosystem carbon cycling process.
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SRR b i S T AR 173, FEHBCfif & Bl b
Cliti E1125%-30%, & NFEIE BN A1 2B %A AL
BB, HINREN T K IR HERr 4Bk A X 35
PEAEZS P A E BRI REE, 2005; Piao et
al., 2007). NZFHAZ RG A= 1 3= Z PR A
T, B A S RGICIR . IEXNYTRR AR
HoAh A= 25 Z 40 B A RUR (A B A REF, 2000; Xia
etal., 2009). BFFINTTFE 5 AR RECHEI
XPIRN B 4 BRCIG A AT A H B 3

T E VR A R R R 7 A 9
VI 3] 8 A A LT AR, A2 T IECER &
FERPFANGERE TR IR . JRTEN) 3 i A Bt 1
EBRARFEDEAN CET R, A SRGE L
90% F 1% 41 2 A 7= i LR VE W i T R e 44 +
B, Lo HmEA A ED M EKKE Berg &
McClaugherty, 2003). 745> ff ik B2 B HE MR
MU HE . B AR IR Sh . e R A
TER%E, 22T, WS AER T YA 5=
ZE W IR TS5 )52 T (Meentemeyer, 1978; Gartner &
Cardon, 2004; Smith et al., 2014). Ny &3S0 5] 25
AR ZS R 45 HENAG R AR Bl T 45 M R AR AR A,
SEUREYEE. R, TR IIERE S K
AR AR, BT R T R R V) 4y fi#(Gough et al.,
2000). TENVIRFE R, SR E Y0 0 il 72
FR S PR ORI 7T 2 B 2 25 R S8 5h BN LEHE FE AN
SR AR EE AN A

HAT, A C A 1R 2 0 50 N i 7%
Yo R FE = A s, 0 2 3 SN S i Ak
WRAEZS R GUIETE ) o0 i B 70 45 SR AT I e
(Knorr et al., 2008; 57) %%, 2014; Zhu et al.,
2015). 1B FNYLFEST E A 2 RGRTE o) 5
Wi ) RGBS T B = o Ak, A Py AT

FE AT T AT A RS 00, BT

(D) ZFR N BT B b 8 75 4 7 gk o 2 1 s ) B AL
L (Q)BRDHEES B HTNT R e Bt VR4 3 i
F BT TT AR, RN FONYT AT
AR RGCIEFR R RE I SR L — 2 1) B )t
W PR AE R T B S5 AN 2, I AR ¥ E AR
FITIAHAT R, DLRIR AN B A 8 R GiC
IR R 5 N RE 2 18] (A B AE 5 R L 3 A
2%,

WSS YR SR ) o RSB FU e e 895

1 #EZEY S R E T

THIEV R — DB AR NEE, 2. YT
2, BRI, YU, AR, LR I1%E)
Vi SEVINIE AR S . RS VR0 o0 A 1) S
KR AR . HEYRENEDHE -, H&H
F 2 B A7 76 5 24 1) 41 B 5% & (B 1)(Meentemeyer,
1978; Zhou et al., 2008; Smith et al., 2014).

S V4 73 e 1) AN 58 TR - i B AT B K o
B RS RS AL R A 2 8 5 1195
BT, MR R 3 FAE H (Aerts, 2006). £
HH P IR P AR A 5 ) - SR AR AN Ay R R I, R
JETED) o3 AR AR R (R A WA 2 I BT % KA SR
BNV R B MADEEE A, MARA ok
A PHTEND 00T o3 PR R S AR B, SR TE ) o
(Bontti et al., 2009; KWK, 2014), FFKZ T2+
S0 DX R T o3 fi () B BLOR S R R, A PR K 2
AT NIRRT VR (PR 2L R0 7K I 1 20 o ik,
HIEEY R B, R34 fi#(Dirks et al., 2010; F
WA, 2013)0 FE7K I ZR R4 bRAS AL 8 5 500 )
W) e B ) Bl AL RSk o AR R TR ) o) R
(Weatherly et al., 2003). T 3E/K 7338 I RE 2 = - 7
B A RS FIR IR DT, A R
TESIE, (i f#(Liv et al., 2010).

s, RIE DA o] o) it . i &
HEDRENERFEEAFCEE. NSE. P&
B, AREEE. gRREE, DEZp
fE(Aerts, 1997; Cornwell et al., 2008). T & 7K
WHEYR . |ABAIN, PR, KRR, 44
RO RS, MM I CNFIAR B R NN, JH Y
JFUERELT, AR (Valenzuela-Solano & Crohn,
2006). FZUAEEY) 3 fE AR, BRIEE AL
FIUER . RKBREMALER SN, EPRAEARG =P
RO PHTED R, IR SRS H 1)) R
TR IR AE AR P24 32 ZEAFE AR Ty 288 (3% i
H TSR, A TEL MG R RS
FJHVE ) 5 3 56 A2 DR AR BT B L3, 52
Wit 355 AR 1 A= i v 3N AT 9 0 43 fidg i B8 (Rice,
1984; Chomel €t al., 2014). K2 HR AR =R
FI A A KRS, S A BEER, 2
HH I A7) T A R 5 S A L TR TR R VR ) s B 1 A
f-(Hittenschwiler & Vitousek, 2000; Chomel et al.,
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Fig.1 Factors controlling litter decomposition and their interactions.

2014). HEY P IRAAE ) 5 A HUAR IR B
YE R PIALEE AN BB, X R B S R Y5 ) o fe it
FEAN 3G ML 2 18] 5¢ R I B 15 (Chomel et al.,
2016).

VEHTEDN o3 il — MBS AR B AR 12, 2
ViibrZy oy 3t e ) [N e O o w2 /N € o S8
PALER T AR B O SR AN 22 08, 2010). LIRS T
BASRGP R EE 7y, LR, Wi, REs
LR AT S M V) o, IR Y R E IR TR I
& ¥4 (Carrillo et al., 2011; Gergécs & Hufnagel,
2016). LIRFAYRFVEYIN L Z 0, HARYH
W &R B RS, AR E R
T ARIREL N B R E A FET AR, 25 AR
o, Wi = BRI, R EEE PR
IR TR ek, BRES 5 IEY R o it 7
(Esperschiitz et al., 2011). i &P AEYI LA &Y,
TR A AE RS, B R, Tl AW T ik 454
HE M B AR At 23 5 8 95 V0 0 S A B R0 4 figfacd 5
(Gessner €t al., 2010). JA7EY) IR o fift S R
P& e R R T AT R . 2
35 A W B R B AR B A S i R b AR
B MEALRE T A 035 14 49) 5 (Waring, 2013). R
THTED I E TR AN, TVE ) 7 e ] 23 N
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PRI RITRSMEIE. B KERGR
FIEIREESE4 K (Arai et al., 2007). 7 fifhE £ 193
PR [F A DD o3 FR B VAR G, PRI H 5 8 B2 E )
FE V& X U8 V& W O A a3t 72 09 W . (Fioretto et al.,
2000).

2 FUTRE X B TR 53 AR RY S 00 R A 3R

N HHAE S RGO IR0 K7, XHEDI
A Kte 4y EEAE F (Blser et al., 2007). NYLFEHE
BT EH A S R HIENE A, A N
ACHE L FE, Fi pRE i I8 I5 20 73 fiff 1) R 7~ R A
AR, T S H L VR ) 43 iF(E12) (Gough et al.,
2000; Frey et al., 2004),

IEAESK, [ P A3 SN I 254 R 1 5 Hh o
I RIEAT T OE9, (B 45 RAFAERR A — 3,
e gt S (Henry & Moise, 2015; Schuster, 2015;
BPRSE, 2016). I 248 (Agren et al., 2001; Peng
et al., 2014; Freedman et al., 2016)5% A 521 (Zhang
et al., 2013). AN[FINV 7 &0 Bt 3 95 40 70 il 1)
A, mN (> 120 kghma HFIHN (61-120
kg-hm -2 ") KT BN IR0 K0 o0 R, TN
(< 60 kg-hm *-a )R HEJATEY 7 f# (Chen et al.,
2015b). S35, NUS I 74 DA IR 53 Ade i B 1) 52
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Fig. 2 Effects of nitrogen (N) deposition on litter decomposition.

AR, BTSRRI AL HE RN, 5 IR I g 4 R,
X AT 8 5 43 il T TR AR R P R R A R
(Berg & Staaf, 1980; Johansson et al., 2012). &2, N
UUREXT R V& A0 73 i B S B ke T RE UG 00 . 70 At
&)\ P& o NV /K-F-46(Liv et al., 2011). &

1= A
FZHA

VRVEE T I 4 OF ] PN 40 25 38 X6 NVAS N 52 1) 26 3 3 7%
Yoy il ) E B A X I A AN 2R, DV S
EXE T
21 FRkEXAEYIF-EFMRERF

211 BN TIEREZENEAEYTEN

SR AT A RSOR] P EONG N, 955 FEHBNBR ), {2k
AR, M- LECR AB g2
(LeBauer & Treseder, 2008; Bai et al., 2010). {HA
NUTFEXT L A E s FE A B2, —J7 &K
RETFRCETFREMASRAF, KN EE
WA BRI R -, 7K 20 B B = BRI 7 NIRRT
FAEYERIRHER; 507, HINALK SR
A] B Ik A Hb XA YN AT BE, Y AEKXN
VU A BURNE % (Sala et al., 2012; Hedwall et al.,
2013; Xuetal., 2015).

=2
RN HRAR I 72 i A7 2R s R G R I B
NRFEHARRAEM FZEREF 7, NIUE  HRED, HoW s eSS R/Re R ER R A E
w1 AN BT 5 T U XA 5
Tablel Current researches on litter decomposition under different nitrogen (N) addition treatments in grassland ecosystems
BFTEIX Ik RN S 3 A T S5 3CHR
Study area N addition concentration ~ Factors that affect decomposition Reference
TR B R A A 21 gm2a’! AR Litter quality Zhao et al., 2015a
Fukang Desert Ecological Station of Xinjiang
Fi R Qinghai-Xizang Plateau 10gm2a’ JATEYIF R Litter quality Zhu et al., 2016a
WS iR JE Nei Mongol temperate grassland ~ 0—15 g-m 2a' THIEYIF & Litter quality Lietal, 2016
HHE g7 FifEE China Southern Plantation 0-10 gm>a’’ WEIA TR TR Zhu et al., 2016b
Litter stoichiometry and nutrient release
A2 DR #A] 3 J5 Hulunbeier meadow steppe 0-2gmZa’ JA7& )i & Litter quality Zhang et al., 2013
i [E Silwood A [iEl British Silwood Park 5.5-330 mg-L"' WHiEy e, HiEEY Smith & Bradford, 2003
Litter quality and soil biology
WKFIE & SE LK Australia Rocky Mountains 113-225 mg-L™! WA AL R Finn et al., 2015
Microbial respiration and soil stoichiometry
INEERFEEFHL Canadian wasteland 6gm>a’ IREE . VAW RE Temperature and litter quality Henry & Moise, 2015
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B R X, H H AT ER AR &R K et AR b
(Solly et al., 2014), fEPTREEMAETRAH,
10-20 gm “FINTRINA] e 2R R AE KB, S8k
2 B R Y & E N (Zeng et al., 2010). {H
WA ARG, NRIFMA T EAS REHR R
AR S FAEY BN IR ER TR, 15+
137K 7y v A 56 (Ladwig et al., 2012). 7£ 32 % 18
PR S AE S R G, NSNS YR 5 L IR,
TR 53 Tie B 22 (1) R 25 1 b 358 0 DA e KRS i 3t R
HIJtRE, HR %Y 7= & kD (Hautier et al., 2009;
Xuetal., 2016). SHs FREEVIAHLL, HRREEDIT
FEAERMARKEES, HHERE, ot
P2 FTEY)CNIFI 2 (Wang et al., 2015). SR &1
A E, NI EE— 20 — AR
oA, TRTEE =g B DY 255 T8 4 IO AR G R el
(Guo & Fan, 2007; Wang et al., 2017).
2.1.2 FUTBEXSEE LA R R R0

TR 7 AH R SO B FE YRR T L R B el
5 R AR B VIR T . NUTRE SRS mM =+ &
%, SUR S H A PR VE ALK, TR VE R R A B
A5 I FEIR 43 i (Cleland & Harpole, 2010; T 5& it
2, 2013). TEPNSE T BRI L S ) A
X B 7T L B NI e 2 aevemb, &
FERIN— AT FE 3G I AN 22 45 AL WAl
I PR (Bai et al., 2010; Ren et al., 2010; He et
al., 2016). HEERMEF L I, Nyt %48 hno.2s
gm >a !, fE4 m’ [FETT Pk & — AN W R
(Stevens et al., 2012). 34k, N 0L B A Feh 2H i
%) 50735 3 i A TR VR A o B A 1 ) B AR 4K (Chapin
et al., 1986; Suding et al., 2005). NZMEAZCHE Y
(UN=EE Leymus chinensis) M C4 M4 (R A BHEY))
AR JIMITES T, EBRRIEE A R S, M bR
Vg, N AR S A R ERN, TARAR
AL AN i 7 B8 BBURK, TENTR N 45 1F T 28 5 ¥
K(Pan et al., 2005; Niu et al., 2008; Xia & Wan,
2008). &bz, NI G| E R b & 2 e A P D e
TR AR, T SR 8 T ) o3 B A Ay s e, IF
X R AR 2N R G I TR IR R PR AR KR I
213 FnkEAAEMREN TN

NYLFEIMPUE F5 0 R IGH, (R RTE VI
FEHRE IRt R AL, HIREYIHN. PE RGN
(Lii et al., 2013). {H 744 )58 50 A [N 0 A sk
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FREEA ], 1X 5 S50 XN A] R H % AN K -SF A
K, WHE A LBENA SUER R S, WMEY) R E
AR B A 25, NS IR T8 7 4200 4 AR V) 5 i 9, B
K(Knorr €t al., 2008; Valera-Burgos €t al., 2013). N
DURERT R 7470 o7 B A0 oy gt A2 ) s e AT B Bt
SYRRETIH, LIENAG RS el B E Y NS &,
FIVEDING B m, JAEDCNIRE, s fE. N
TSI AR HE 53 1T A 2 4 3 AN a1 o ) A
(Berg & Matzner, 1997; Smith & Bradford, 2003; T
LA, 2013). i )a M, ARBTRXLYEREY N
PR, ERE A LBt N, BEAS S5 BV
Y143 fi# (Deforest et al., 2004). #H4b, FHEYIFHIZ
M. ZHEEA Y SEYH LR NG — 20 T8 e
IIEYNT, NI IS M R sl 2, BRAS IV
YIH J5 150 iR (Knicker et al., 1997; Hobbie et al.,
2012).

PVE ) ot B A T BNV IS V% 4 0 e 52 T A
— Pk () 2 B R [K] (Zhang et al., 2016). TR, A
PR 56 4 A I BB TS0 A R NS T 552 10 1 9 40 2 fife P
A AREEE Y R E TR RER . — PR INGR
TNEE M P& V540 o it 2 B il U VR A S T
Et, BN EEYICNIRK, R B4 S5 T%
Y It BT, IR e ST
TR UE P A2 B = o e R B, B GAEYdE il 4 8 5
SHRCIRSRARRE R, M 7 M AR o 2= 55 4 7 il A AL
Y, VAHCRSRASNTE . WA BINT &0 2 T A
VIR, TR R 53 R HE o S0 o R AR 2
. B, NS EED > fE. Hp, 55—
RUbE H TNIRBI AT RGEH, FHRERENG M
Rt ot B 22 (R C:N) I R 4 o A, 28 — b B i o
MHTNWFR ARG T, FRMERENG IO 5
B (IRC:N)IFEVE Y 2> (R AF2E, 2000; Moor-
head & Sinsabaugh, 2006; Hobbie, 2008). 4k, N
x5 R RHED b — L E TR M. Ca. Mg)
TR AR, E AT A TR S i 2R B AR bR,
A 5 N2 3|5 (Giisewell & Gessner, 2009; Kai et
al., 2016).
22 FUNMEINAEMSBINE . TIEMAEYFIEEE
4 B 52 M)

TR R R B M A S R G AW 2 AR RN
AV BRI B . N SRIE S AR
AMAPI(NOX) i FEH AR 2 R T R A I Gk
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7™ % (Yang et al., 2012). N[ Af -+ 13 NH,
NO; E &1, (et HIE M AER, Bt
KEMH, S8+ pH{H F4K(Gandois et al., 2011;
Chen et al., 2013b). A [F] I HA Y& B AE K FpH
AR, A K pHIE T /26.5-7.5, N
7.5-8.0, F.#}5.0-6.0 (Abbasi & Adams, 2000). N
DU A kb L I pHAE 53 T %, SAE YRR S5 R
Bl v M R A R, R T M R 5 0 43 A (Turner &
Henry, 2009; Chen et al., 2015a).

Y B AN e i, TERVE D R A B B
HPERIANTE: fERTH, HEeEEEM,; 7551,
Y T S EEAE F (Wardle et al., 2004). L& 7Y
BRI R, ERHE LR, SR
VI ERE R AN RO S, T (R - Sl A A
Ao, PR 1R 1)) B X T 4E 2R Oy il 5T
Wi K, WEHE. OEARFEESBATE. N
IIMAAER, REBENT I 50 10554 86 A
PR L R LI AR Se R, AR KHERS, 40w R L3R i
K, KO8, W5 EAFFERT, 0o AR
R A B WS4 1858, 9ARIFR5, KIEER
i 5 52 B3] (Clemmensen et al., 2013). L
SREMRILT RAUK T & 10 s DI E, AR
FUkF TR AT DR R b, RN N
TR TS IR TR W I 2 FEE RN E &, PSR TE ) o
fift(Eisenlord et al., 2013). F /40 B2 PPN A=
T V& T PRI A0 A i 97 (1) B AR AR, UTAER AT A8
F(Strickland & Rousk, 2010). NUTF{E#E 3P &
WO TREELK, SRR/ ET,
JHIE W5y il Pt (Allison et al., 2010; Xu et al.,
2016). HHAWFFRFH A ISR, NUTREH
YT H o AR, SEERE SHEY e
) B AR LR kb, R VR 40 A DR 1 (Hogberg et al.,
2010; Rousk et al., 2011), NYTFEAN LM A
FIREVR 2R, I 2 (2R M CNAb 22 11 2 HE IR,
T 98 55 5k A 0 e CUR IR 75 SR, JRVE W o T v 12
(Agren et al., 2001; Compton €t al., 2004).

SHRVEEY ORI R R R R 2 A
B, 16 R ORI &R & & ) ETEY T, NRn
P 2 Ty SR A RIS 1k, BELAS 1 3 20 R A0 R 1 0 A
X A2 NS I A 1) 3 9 40 43 fifk () E L (Carreiro
et al., 2000). 74k, ARG R GEHE TR
TR0 A R A, NI AR

WIS TR S ) o RS BT Fe it e 899

B SE 4 RE ) T I, ARBUER 70 B 1) & RIS, 52
M 8 5 ) WA i 2R 1) 73 fift (Deforest et al., 2004). N
UURREAT LT 4L 200 AR B RS 1 T v, (R RELT4E 2R 70 i
(Keeler et al., 2009). &2, NULFEIFAEE AR T &
ez, AT RS EMIEEY 2 f#(Knorr et al,
2008).

3 RIMREMEMRFEYSBOARAS
ERTTE

I LAk, R TR VR ) o T N R ) i
g1 E N AN EH BT 2 R E . TR, AR
AU SEA FACENB IS &Y = /.
I ARIEZE IS o BEAE AT SR 74 o fift 5
BURIEIRN T, I BRI 2R ER . JE R 46 %
Tl AR AR R A, ORI 22 R ST AR IR N
PRI NS 52 100 B R V40 0t ak A2 R AR ) A AR AR
YN, BT 2 T N AT AT BA, B B AT
BTN AT [ AT A, DARER A FEN
DUREX B A 35 RACTEIA RS — e [
31 EIAEYHBRXERFHMAR

VA TR DD 53 i R QB IR 7 2 A BRI R
JE P& ot B AN AR DR 5, B TR AR AR I 3
R SAFESTEE Y > IR AEY)(Swift et al., 1979;
Aerts, 2006). H T, X520 08 75 40) 5 fi 0 O Bak PR 5
T T A 8 05 00 0 e ) 2 I 9T 7 ) o FE LS B
IR R WA A A BRAN X 38R R b vk e V&) o
R SR 1, R U EE R 7o AN B2 N, A
TR B A N S o i ) R A . (HSR
68 22 TR S0 R IS5 IR 1 5 TRV ) i 2 R AP AEAS
AR FH—— A5G Al eSO VR AR 3 b 0 2L ok
SRR R, R R A o e I 2
B 25K T ISR X o iR g2 e, TR 1))
H/NRBEE B sgmm o i B SR . DRk, 2R AT
FE G IR EE R T8 O IR V&) o R B AT T
& (Wall et al., 2008; Zhang et al., 2008). H Al EL#¢
—EMESIL R, RN b, IR 7 AR &)
HS RE TR o R OSBRI HX R T2
F) A7 AEAR SR R AH ELAE s 20 28 AN ELRE R ) 23 i,
B RS2 B R AT VR ) T B IR g e, gk T s e O
W R, TAEAR/ANREE b, 0 il A 2 HAE
IR . (RS NHETFEARES RS T
FLEAS R 53 f i B () 2 B R0 i A RO A FH O 75 3

0}
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— LMl 91 (Gracia-Palacios et al., 2013).

PR AT L, 35 R 0 A 2 X6 R YA ) 43 A 1
SRS SR TTE Y o R AU . ANRIAES RS
FAL, AFEJEED o R B R 43 i 3 T R
AR, AT REAEAE — 2 A, 115 3 SR o
PRI T I —ANFE ) 57— AN R, AN X R
FE LRVED RIS R AL R R RS
DR - 5 A 50 ) D DR R R B e 4 J TR T 40 9 e R 1
HF 55 1Y i (Prescott 2010; Bradford et al., 2016).
32 HEY-EEY-TIRESKREICNPLEITEL
RFESEBFR

i 2 56 T VR M 00 8 (RO 5 48 o A S — i )
BN I EATETL, T ETE ) o iR A I R 77 07
TR MR IR Rl S AR VR
TP RFRIENE T AL BB EER
ARSI — ARG AR,  EEERE T AR R S P Ak
W2 AIMFRD TR RR, RONESRAET
IR RE ) TR (E A AT 525, 2008). AP0 13158
WA Z B LA O &, CARTEY) o ffid fE
I, I8 Bh 25 A e AR T I CNPAL A T
b, FRAE Y- LIS Sk (Fan et al., 2016;
Pan et al., 2016).

NPT s SR S R INIRIL, S HINT AN
HIPFR#(Vitousek et al., 2010). Pk, Ny &S HE
AR RGP ONPIL TR A AR, XREE
XS & 4 f Sk R P AR B R B 2 B 2 ORI
(Finn et al., 2015; Zhu et al., 2016b). N#Z i el # 0+
HAREED N &, OB A Y C:N:P
A2 B LG I RS 23 R A S A p AR, R 43 A0 e 7
W) 5y iR 3L FE (Hessen et al., 2004; F & 31 %%,
2013). FEYIRETEDIC NP2 8] ) 25 T S e 7 -
TR I BRI, XA ATE TR S R A
PR (R B2 A (R R o (R S . AW RV 13
CNPHFIFE I ZE R, RE T REMMA#H
YRS RGP HG 1 F% 0 55 4. TIRAEY)
TESM R R rp, BERG BCIENAE &, B 75 ENRA K
H Gk FERTEYICNE R, SRV B WA TR
WONR e BIZE K FECNBMERT, @il
K I 7% BN 2238 5 3 e 3 rh s IR, AL
VIC:NBE S, /il L, MEMRA R R IIN
SR FSCC R AR, DT 5 I G S T R (B e A A
Y, 2010; FERFEALTE, 2016). WFFLERM, 4
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PV CNAK T 5-158F B C:PAIK T 200480k, 7%
YIN. PTG H BRI 4R E Y PN PA R, Bl
A0 MR B R R [ N PLAYERR H 5 (1402
1 &F1#7(Manzoni et al., 2010).

ENVURETE 5 T, RITEDR I INTEAE )-8 V5
V)-8 RS R B Ry SRR AR X
TRNHIE FUNDTBE A2 25 RGECHRFR I i B+
HEE X HZ, NN T Y. FiE7 L
BEC:N:PAL 25 T 5 LR T4 43 e P s el LA A
Y2 R E AL S 2 (Zhu et al., 2016b). LAAE
MRS E TR Z A Y. R,
WY, YR ETT RS R
B A A SFME S, SGEWRANTIN%
N Y- TR - L 3E SR TR CNPAL R E L
IR A R N fERLH . R, 58 BHAR T B
X TE) 7 Al 3% 57 70 3 MBS WL 2 4 J5 R VE )
I3 AR TR T A
3.3 RINkEMREAEMS RN

B TE W 3 R BT T B S B R YA )
AR ETREY) . SF R 7 R ST AR R A Bt
PRFAFP . LT o2 B V4 1) B B2 RS A, AE—
SEREE B s S RGN RN, B R
W FE AN 7] R PR P& 0 o3 e it FU I ity DTk,
FUELHI AT F5 T 8 7 40 o A RN A 1D o . 2 B RN
TR S 7% 9 43 e i) <4 (Makhnev & Makhneva,
2010). {HA2, AL RGLELHEMNE GRS,
H AR S A RVE Y 3 B LUR A RS AR AE, 1571
Tk R HR A 2 2 BRI B 5 R AN [ R0 R 9 40 AR A
VEFH, AU B R 8 T4 40 0N B 5 B b 8 75 4)
IR B AR E(RE BB 55, 2012). YR ETVED)
AT DABE otk At TR0 [ AR AR S RGN o i,
XAV ERAL SE PRI T B R R . IRAER,
TR R 22 BRI 90 OGN B VR & R T 53 A I 5=
I3 RET

TR PR TR (1) SI B 4 fide o 2 A 25 T I B 4 il
SRR I WA AR A P S AR AN R, TR G Y
T 21 I 25 B A N 110 25 ) S5 T 1P A2 5 i VS
A U TE W S e AR D0 R PR AR ) B R A
(Barantal et al., 2011). #2071 221 2 5 KR
HIRTEY, FUI o i 2R v T B O3 i T R (R
L5 VTR o I 2 (N SRS 3 MH), e AR i
(RN R4 R (Quested et al., 2002) . NITT R 18 417
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WA TV S22 AR R, TR A
WA AR AR IR RN, (VR S TR o i
(Valera-Burgos et al., 2013). 7 7b, NS MEEH TR
P TE 2R o PR T ) T8 AR EAE L, SR TR 4
PR PAEER. KRARSERIC NG PR EE,
AR IR A T TE P T AR B ORI RN, R TR
G5 iR (Vivanco & Austin, 2011; Li et al.,
2016; Z=HLESE, 2016). 1HE WA BTN NI INXT
TR A PR ) 1 B R A IR AR (SRR,
2013). F4b, ENEEIRAFEY SN AL
YRR A7 R B = A, = A RN, FEAS
RATATEY) 5 fift(Agren et al., 2001; Flury & Gessner,
2011). A [ AIRIE TE 45 H ] RE A& BRI PR TR
W FLIX PRI A 46 TV ) T AN [

B, ERRAEARA SRR AR S RE ST
LI, WIEE s A S R A 2 R
—ANEZER 7 XZ B 2R R, ek
16T 5 R IR ST VRN B — VR o0 f et LR AT
F, XTI A BRSNS RGNV TG AR R
ELAN A 2 . N IIAT LSO VR A

VEAAE T A AR AR LA R AR VE M) 3 A A5,

XF o3 iy FEFE I, H I LS 72— A .
34 ANESHMEKTUMEMEFEAXNR
E{EH

HAAES R, MBI R4
BRARME, FE/KARA, N PUTRE, DLACER AN 45 I
ARrAE, e B/ TGAEATE . PR st
FENDTBERT &P 73 fr R R 5, e | 4 Til
PPl AR 7S R G CIEIAFI TR 7GRk 4 2R AL
Mo 2 [P L SR 0L, 75 BE0Ks H 25 A 43 BT (Chartzoulakis
& Psarras, 2005; 7K J5HI45, 2007). I H, AR5
AR RG R X P2, AR R B
TT RGNV AL HAER, RS0 VY70 i
(Apolindrio et al., 2014; Song et al., 2017). LK,
R ER 22 I BT 0 DTN DT RE 5 HAR 4 3R AR b J R,
BT R WAE TLAE F O BE LR VE P o3 f (s e, 5
B — 2 B CR, T AR A T 2R SR A Bk AU AR A )
P 3 R R s e JAT B X

K73 FINAE 5 FH 2 5 55 AR 25 2 Gt 16 R 1)
K7 B R IR T, PRI R AR AR, K
A B R [ WY R S R AE (Stocker et al., 2014).
Ree 7K T2 5 MR ) 95 00 4 ifp ) EEL LB B I 7, 3 5

WIS RUCRE S ) RS BT Fe it e 901

IR IR AN 23 A T T S PR T e K
NI AT ASE AR 3% 70 K 8GR0, A8 V&4 ot
BRAEBN, WRETEY R KA RAERT DL
RIS AT R NS IO B . 7K
SIBEINAEAE R, NN G| L iR TIN5 14 fin 2 4%
KN FGRE, 3 EE D C:PREL, HC:NFI
NP A B E (L et al., 2012). FRBEH 1K 5]
IR e R VR P 43 AR NS IR e R . AR T R4
R, RIENBI AT, Y] SRERINTR D,
NI 8 %o A8 420 Rl A 0 D 52 T B e T R 3R, [
BENS N 8 94 400 o B AN 20 RSB SR AR AS K. A
R, TEZK S 70 e BRI RN 264 T, NS IS v 4 47
I 52 A B8 4G %4 (Everard et al., 2010). /KFINIHAE
TAEHBR T SR VE ) = o R B4, 1R
RV T 2E P o ) T ) O B, TS T R YA )
fifg(Henry et al., 2005; f5) #8%, 2014).

PR KM EZERGIE 7, #HEESR
GRS R . NS ING, V2 S A28 RS HINER
il FINTLRL, HNTEAES R HEIEE R = TP,
R A 25 R G0 FE 52 BIPPR 1 . R 78 S b IR 75 4 5>
FRXIN . PES IR A 2808 (0 B 7] R AN BTN P
TSI AR ZS R G AE R R B &I 507 2R 1 sg e 12
HEBEE M (Jacobson et al., 2010). JH7&5 )1 13 3F
BEHIN L PHRT- 15 2 5 0 8 95 40 53 A R 53 53 R TR O
BRI ZR . NUTREIE N2 BARIAVE 7 R PIR IR 2 BETBOHE
2R, P IRPHIAA B, R4S RGP, N,
PIEI AN, W] CAGE RN I8 ) AR 2 R GiPRR
SR o A= HE AR AN, EN PRI EE R it
T AR R e A F BE SRR N BE 5 2 (Qualls. &
Richardson, 2000; Chen et al., 2013a).

T e N IS4 TR R P 6 % )5 ot
W7, SRR E AR S R G AR G
HENAWE. HEWEE. HEARREAE R T 2L
SO RAEHAFAE . RSB (WTR . SKESE)
R FR & &, W IHVEY) 7 i (Raich & Tufek-
ciogiu, 2000). fE—EJLHIA, BALREIEHEEAII A
A, BCE TR IR (C:NFEK), IntRE7EY)
O RO 3G b T B s E R,
B 2 FEVERRAR, FEHAS VA Y 7 f#(Giese et al.,
2009; Wang et al., 2015; #INNN%E, 2016). [ 28
P B A 5T 5 g ) B g, L S HERR A A
PEE TR, MR R ARV WA, EHh

doi: 10.17521/cjpe.2017.0023
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WAV R E R, VR o R A g A
3208, B — SR T VR Y 5 fif (Tessier et
al., 2003; Haynes €t al., 2014; Wang et al., 2015). H
T, BEENDURERME], —S 3 T ENDE S
B B T A HAE IR TE ) o g me . A
FLAR ], NS AT DAL B O 3 (R o Y ) o0 i, %o
BACEH S SR BIPRIEN, SHBUBCE FAHEL, N
PRSP VE A 73 et A Bt A P B 95 (Liu et al., 2011;
Apolinério et al., 2014), ALK, BHEHT;
AR BN IS I8 9590 79 i 1521 (Song et al.,
2017). NUTREFI RS 7 2058 BAE D &
I FRES R R FUILAFAEAN 2, 4 S5 IR FU R 5 A 7
SEFRAHES G, HRIE AR R ANYTFE & ] 2 &

AR AS R G RE RSN A IR G 1) b 3 7 2

4 RRENENREYS BRI RTE

41 RIRMEWBIRIEFHE

Wi 36 [ 5 T R R 5, NIRRT 48
HFBAE AR S, Hafo&@ sy 7 24000
A THT AR5 s X R AR W I A 2% AELGETF- NS I FEO F 7
—HHFRTHRHAES RS, HR20MHL90EMRA
A TN 28 ) — 8 ] SR 1 DX S b A 385 R SE )
Wi 5 36 4T 0T 7 (Fagerli & Aas, 2008). 3T JLH4Ek,
BT AR RIRGE, JE O & ok RSE 2 5 1)
B = RNV R X 5k o 8 1] B NS o AR 7 X 4 3 2
SR TE N S TR SRR (GF R RSE, 2015; Long et
al., 2016)F175 ik =1 i = FE H A (Gao et al., 2015).

NS I =06 4 A R e . TR ORI LA A 5
(NaNO; FIVRA IB%E) . KA T EENOs . NHy
Fb B IR NUA LK N RS R, R MR
et 1) it AR 75 =X R e R B M AR AL AN, LA
R TN I 34%, Tt J5 NH, AINOs #RBE#AE )
A, DR A IR A AR AN o S B
5 DL AN B A AL R 7 U(Aber et al., 2003). NYT
R PR 7 VA BT it B AN = S O B 8 7%, it
75 A 2R E WA A e A T H ko
Jita TN BRI 43 2 20> e it B ) 26 25 R 407 AR 1 R e
ANF(Ning et al., 2015; Zhang et al., 2015a, 2015b).
T D% 2 W0 PR D7 V4 A 1T B, I ELAELA) T 48 B B
T P PR R Z B N, (R AR,
P37 it At 2 52 1) ABSOK BE 4 35 AR s2 e, 3 it
NRER. FoalAe TR P TREFEERK
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ALK, AE YR W 2 I R AR, e s
5045 3 (Wilson, 1992; 5KF2UT, 2013). HIEHEAL 2K
KD NIHE R AR, (B2 T YR 25T
N BR AR SO 2, AT B 2 v 6 B A v A )
W RSN NI S (Zhu et al., 2013; XXk
2. 2015).

NS O 3R P8 16 R R A 5 170 44 e i Rl i 2 5
KR EERMEER K, HEENAEEdES
SO S 6 485 TR B R bR . @I A, NUSINsLae i)
WG B 10640 kg-hm >a ™!, [REHIF R & sl
WHEE B K3NNBIIELE, = —2rEiK
#5(Chen et al., 2015b). AT & F2 A4 NG E
R BN, BRI LTS EHER
NITT A T 6] B A 25 R GECIR PRI (Liu et al.,
2013; Luo et al., 2016). K, 478 HFNGTES
FE T BN B — 5 SRR, JRE VR
AEBFE IR . K 22 BN N S 36 R A5 B T AN 3 A 4,
EFEREHA A KRG, PEAE RIS [REAS J2 DL 7~
&) 53 R JE R 8 & (Knorr et al., 2008; Prescott,
2010). Flith, A 5F HATKEINGINSLE, KIING
INAE VR o> i WA AN S AP R B R R R, JF
NI RS 52 V8 36 40 1 I e PRI Oy e
T3, NS IR IE o3 s AEAR BT R i 3= A
I F I, N N2 40 R 954 43 il (Hobbie et al.,
2012; Sun et al., 2016).

25 LRI, NI 592 it A A0 i A 4 R
SRR R B R VA ) o R R R, R IE K
SIS R K F BRI BF T RS A S N
DUBE R FINYLREE R, ZEA W& FhoJ7i, R
DR S RO G 0 7] LI 563 FONVAS 7 =K
42 AR REIRAE

B R T ) 53 AR R TE 7 VE A TR TE A IR 4892
DLEA S BN R IRIESE, WA TR
BAR B RGE KJE, RO R Es . BEAR G 07 R o3 by
(PLFA). DNA/RNAZE J5 2 R &) o il A 338 1
VIR T BB, AR T RE Y R A
Y R A ML 9T . ARRAESER R — MR E
BRI GER M A GRS AR TR &
(#22)(Yoccoz, 2012).

V8 VR W WX 4892 8 BILAE R T 0 43 R T A e R
(7792, 5 TE A T B A 1Y) J8 I I 48 (45 1)
K/NH15-600 cm?, FLA2H92-10 mm)%E N — 5 &
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Table2 Study methods of litter decomposition and their characteristics

WA YR R ) o R SE BT FU e e 903

W% 2 J R 53R
Method Principle of application Characteristics Reference
JHIEIMAEETE KRN e MBI THhR ek, Wit OB B RS, (ERE RS 7oy LA /e Smith &
Litterbag The litter was loaded into a nylon mesh bag and The maximum degree of simulation of natural decomposi- Bradford, 2003
method placed in the surface soil to measure the mass loss tion, but with the isolation of some soil organisms
FENFIRE  NAEHIS R TR TP sese, HARRE SR R R3S Jiang et al.,
Indoor Controlling the factor gradient artificially Manipulation experiments, but not relecting 2014
culture method real conditions
FIA g PN PCR R ATRRIE IR R R i MEEE TR O R LR TT M A R T Liuetal, 2013
Isotope method  Litter is labeled with "N, "C isotopes to trace the To study the direction and transfer rate of an element

transfer of these elements
AT AT OEERIRHERE R RE R S E R R EEDh 2R amaE Fortunel et al.,
Infrared The near infrared spectroscopy absorption characteristics Determination of a variety of elements and compounds 2009
spectroscopy  are used to study elements and compound in decomposed litter in the litter simultaneously
R SRR AR OEEES, WEREHS PRSI T 5T B A BE R T RN A Wallenstein
Metabolomics ~ Application of nuclear magnetic resonance and gas Exploration of the changes of small molecules etal., 2013

chromatography to study metabolic components

with tiny changes of environmental factors

JHTEYD, SR 5 Fe X 48 B e fid b 3R B B AR IR
5-10 cmff) F-3E i (Silver & Miya, 2001). 7EIR FEANH
TR RBERHR TN S RN, RTR A AN [FFL
BRANRE D WS 6 25 0 i 18209
(Smith & Bradford, 2003). 1% /7 V2 5 KFE B HuAB48L 1
H AR RS, BRAEMIE, 2R S EHEHT
DR 1) B B A FH B TR ) /N B 48 T - 43 A 4
Mg s, Bk BAE—EfRRE. Hara 7K
WU A (EFLAE> T FLAR) B B s B R V& 4 o e 1 3
SEAH L, W T A S S A 1 (K e 1R AR
2012).

o) il B TRV TR TR SR A B Y5
R RRAS, M7k T4 se8s, BT,
Ky TR FE SR TR A G TR T8 ) 43 AR () s e
(Jiang et al., 2014). N = AR FRIEREGEA N
2 1] % DR - B AR S L, G 25 SR A e L S e
JETED) 53 fR R SEBR I L(Sall et al., 2003). == LT
SR A1 S0 A R DR R s P R s AR S
FHEE G R T4 3 AR 78 )1 B8 0 4 T B 2 B 4%
DRI 7 R V& 42 0 AR TR 5

[l A7 3% 78 B V2 48 AE S 56 5 BB A0 264 T
PN, CCRfr £ BATIRE:, I S5PLFA. PCRZ/EY)
W HRGE S, PR i B C. NJTRAE
T - )- L SRS AR T R T ) R IR
REE . AHFUCR A EALZ RGO 5PLFAM 45 &,
K FCCHRIC I B T IR R, I
Mo = A PO, HIERBE Y Pl K+
BRI BEVR LR, AN [F ARV Y o3 il i A
H C ) 3 A 6 42 R0 Al A 0 56 A () R 1 ) R 17 o st

TS WM (Pan et al., 2016; Xu et al., 2017). K
BCRRCHIAIIR R, AR 0 3 00 52 1] 40 i SR 70 AR
FAN B A AR R A L. AT R PR PN
[F A7 XA TR SR AT ARe, W& 77
S ICRIEIR G TEY S P Z MRS DL, A
FEAG R A A 2 [RINT A 7 1702t N 7%
Y RN VR Y, JF R PN DA L R (1 7 58
i H O B 22 5 A ) (Tiunov, 2009; Lummer et al.,
2012). KNV AR 3 EANH, AINO;, EAIE
il b A= 285 2R G0 B RS B A S A B8 T8 AR T A RS
TNV VR D) o i B 0 B LAk, K
ANYL R HNOs BT 7 B ELBZ T B A, $120104F,
NH; 5NO; [ EE O 4 4 %2 (Liu et al., 2013). FIH
UNFAL R EEAR, AT AR AR FINYUFE I R A
RS RGREY)- TR R AR, R
Hb 4 42 NPT R T FE L AR S R A2 (Liv et al.,
2016).

TED RN KRR, 4R, BT5050
AT 5 & R AR 2 o i, W5 AT AR 7R B 0 4 A
(RS | U FE, FE 2RI A BAEERCR IR Z .
H T, AR 4461 73 B (near-infrared  spec-
trometry, NIRS)FI/X i 20 27 25387 B AR & 7 V& 4
A SR, S ITEMLL, 5061555
FER Gl TS . SIS 0 n PR, HoAT DAE IS
WA I 2Rt &P & &, BARmNES
P (Fortunel et al., 2009). M HARETHZRA, 7L
W IR 2 A T TE ) o AR AR P AL oy
FIfN2E 4k (Wallenstein €t al., 2013). 734k, Real-
Time PCR. PCR-DGGE& 73 1AM #H AR W] F Kt

doi: 10.17521/cjpe.2017.0023
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FUNVS IR N ZR e A0 AH ¢ 1 Dy fie 22k (8] DA R Rl Ak
VIR IE S5 R B2, BT TER S ORI FE R I )
I3 AN L HEGICAE ) B AS T /D [ R F- By (Ning et
al., 2015).

gx BTk, VR o f e — AN AR P AR,
TR MEAS AR VD 3 A 2, FRATTTH S5 I 0 i
B URTERRE 54 N RTEY) /3 frR LI S il o TR
Yo R O R AR L H . REEJE
FHSZIHE BE AN R T o BB TV BLZR A%
EETERRER S, ZFAIBHSEMEARAFR, WE
IO I £ FE 3R R T5 90 o e B L
43 BAEDSBOMRRENTL

ik 220K 2 K P V& D o3 I 9T 22 DR R Y D
RO, ARk, TR TP 53 Rt e B B 25 ROBE R AR
TR FEORIER 22 BB TR SRS I 4 R Y A o i
SEEGHH TR, B X A RAES KRG R, AFH
A X o R 22 e, KRBT R R BRI
&Y 5 B IR T~ (Adair et al., 2008; Kang et al.,
2010). AT HIF It B8 2 iS50 UK A0 2,
R I 2 BARYE, #EAT I S 1 R R V& 173
FRTIE T, BLAUARSKITE W) 3 A Dl o X Fh 72T
T RN ROBE BRI E 2E () S e 45 R AME 2R KRB A A
RAS I RO e 4 R IR M, 2 43 2% ) Tttt 9 07
LGRS, 2004) . Adair®(2008)iH i % & M VK
Wy FERRIE AT, AR VR & 53 AR P 5 N TR A0 3 fidf 1
G REFERR ST T VA = FEAR Y, IR R I 4y f 1)
SEREE AR, B G o . o A o A P RN e o) i I
(Adair et al., 2008). Moorhead#/1Sinsabaugh (2006)
(1) 7 AR B AR B 32 5 20 A i 2 B A DA [RDH 23 i
AR 3B B B — B B R V& A T
PSR AR AE R, BT B 23 fif s 28 et
BB, TR YR AN TR RN
Yo iR, R TS, B =B, &
U1 TAOEIORER . BT 5 R AE
1EH, BEF B 77 fif i % 5% f (Moorhead & Sinsab-
augh, 2006).

B 1 ORI 25 RUBE BRI 0 43 et 7e b, A o
HORVET /NI RBE, B — RN E S HED
fREIR ¥, d5RRHET BRI 70 1)
A5 A A 1R DA A W I it (O B AP AN 0 B i)
R, TR W LA AR ) % il 5 & (Gliksman et al.,
2016). % LRIk, A E AERRHL TR 7 4 fid AR A=
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RGBT, ARRART TN 2 5y E s E R
RISE R G ST, SRE S 23 fif 1)
K7, I HLAE 73 A2 o in N B8 22 16 DR 5 (el i
PEA VR IME IS AR . A IR T E 0148
RAFPCER)RE, mANEEH DR 7R
a3 7 00K HH 2 2 50 R TR ) 27 G AR B (Cam-
pbell et al., 2016; Schilling et al., 2016).

5 fARTESRE

Fia o e — MR S RNAEY) . PEE.
PR, RAZAEEWN TR T A
JR)~ T A T 5 RN A ) DR (SR A ) RN g
)RR, HA& R AR S R A BAREA, 3t
A 52 R T A0 B TV O 23 A o NS I e s e -
B A RNE IR B IR
TN 53 RN BE 52 R Y5 40 53 i (Gough et al., 2000;
Frey et al., 2004; Manning et al., 2008; JfEEE, 2014).
B EH AT 1k, O& T NIRRT B 1 I8 75 4 73 fife 1 5 i)
CUBIF TIRARIWEA, (Hibf — L ) a0
PRE I S
5.1 JiRMAFsATEEE

K 2 BN NI 58 Rf B2 [A] oK 5, HH185.5%
(RINTAS I AHE FE R LI (B AN I 44, b iy i) 5 (8] 22
Fe i, AT AL DAL T I 0 23 S NS TN
Wi % (Chapin 11T et al., 2002). #55> SZIAT AT T4
VIR ET b 5 A, NSNS KR ENTGIESLZNRN
L=, REBWRZAVUGIEE, 7670 WX R %
Yoy R TG 2 520 (Sun et al., 2015). RN R
A BE ZE K S OG0 A R), 33 NTRE S B NI % 11
WL 34, TERLHAAS RGIITED) o) il S5,
JHE T B — [ EURF: B) % S 56 SR LI T 4 o B A O X}
A ERASAGE AT AR e 87 2 20 W C Ji] 2 Bt B ] 4 22 44 A

s o3 R DR R AR S B BT VR - o BRI, B
A TE A 53 R () 43 o BRI AT, B I HORE B
TE N V&) o FR AL B, 3 FRENL P4 ) U8 6 4 )
fif & B B RUSEANR], 25 B sz i 2y i 1 £ 5 R R
WA 2 5, LY B Y 1) o) AR LAY E AT Al A
(Henry & Moise, 2015; Sun et al., 2015).

52 RESBHARAIE

YRR RS RGN E B R4, T RIIET A
SRR EBRCICE A LI R D IE A B EEMN R
o SHMELRGMEL, AT ARG N4
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It AR R JE AR, FAR &R o0 i 0B 9T S 1%
% BT 72 1) AL (Silver & Miya, 2001). R R
VI CHar N A2 _E3R 4y 13 45 DA B, (H 20 2o
2% YA 0 U8 T P 5 S VE T4 R T P (Solly et
al., 2014; Wang et al., 2015; #IIIN%E, 2016). H4H,
R R BRI 3 A 858 5 B RVE AR R K 22 572,
FHNS 05 M 98 98 490 53 e () AR 2 A 3
W o i 238 O A 725 R BECHE A M FE 1 54 1)
Akt (Freschet et al., 2013; Xia et al., 2015). A,
NVAS TIN5 M A 2R 23 fife RV APT 98 F R TR 9 40 93 Fife ot 9 1)
Wrrel, WESIRMFRENE. LIRS, A
Vi S fRERFIRE IR R T N AR, L
EHh EVIEI o, RR S LY,
HEE PRIt BB R BN ), Fil e AR 2 i 1
FHE R TR AN AR S RACTE IR FE /TG
Kk
53 FEKFNMBHARAE

FREMYETREREFERPIEAEKLTEL, EEES
RAL, HRIEREBIRZ R 25NN, JE4
K IMREREMAEYIRIRE E LT, FEAEK TR
ol LTS, AR BB F OGRS KR
RO 5%, 2012). {HAEEAER, HEEKSE
IR T 5 SRR, B e b R R A,
— LRI AR M E AR AR K AT RE 4R RE L = 1
PEo FF HLE WY SRS E R RG] T V% P 1
efer, LAY N EZ RN AN . BE
LRI, 1Al RS N R > it #2
A B L3S A E s s, FRR I )
AR, (H 3552 BRI AN P58 ) 210 AR b 25 (R 2R 1 2 il
(FE#REE, 2007; Zhao et al., 2015b). 4=ERAFRE N Jili&
R A ZE S RN S 9 7 55 b, AR AR R IR
EVEERVE D) 7 R FEA R A, AR K
THVEY) 53 RO T 0 AR AL 5t T 2 ERCIE AT
FUEEI T .
54 FRANMBEZHFRAEE

NUTRE B 12 L3N M4, 30 2 i pl 1
Wk, HIEGH MAPT R E BT, BRI T
(Ca®™". Mg, Na™25)kiE R, HEFRERZ, 1
T L e R T AR ) B 7 1 A2 K (Bowman et al.,
2008; Rousk et al., 2010). 2 11 111K 2 B FANAN 5%
TENNINJE T 3ENAT R 38 22 68 5 90 23 s SR 1)
RORE (G He A2 RRAR R, T 2R T NE 51 ) £

WIS YR SR ) o RIS BT FUE e 905

BERRAL XS LI AE A  ETE TH RN T 0 o3 A TS 1)
£ (Chen et al., 2015a). [FIHTEA 5 HINS I0E2
T AE S RGCHAGHA W 7T b, NN 5] AT ) 135
FR AN 5] RS E A, DA FRATT S 2 W 4 T )
N IR B AR S RGCIEAHI 2

EE€WE BEEEZEH KT REAQ2016YFCO50-
0502). EH R A RAFEA@IS5TI04)FE R E A4
R 5 R T X (9734F %)) (2014CB138803).

S5 3k

Abbasi MK, Adams WA (2000). Gaseous N emission during
simultaneous nitrification-denitrification associated with
mineral N fertilization to a grassland soil under field con-
ditions. Soil Biology & Biochemistry, 32, 1251-1259.

Aber JD, Goodale CL, Ollinger SV, Smith ML, Magill AH,
Martin ME, Hallett RA, Stoddard JL (2003). Is nitrogen
deposition altering the nitrogen status of northern forests?
BioScience, 53(4), 158-167.

Adair EC, Parton WJ, Grosso SJD (2008). Simple three-pool
model accurately describes patterns of long-term litter de-
composition in diverse climates. Global Change Biology,
14, 2636-2660.

Aerts R (1997). Climate, leaf litter chemistry and leaf litter
decomposition in terrestrial ecosystems: A triangular rela-
tionship. Oikos, 79, 439-449.

Aerts R (2006). The freezer defrosting: Global warming and
litter decomposition rates in cold biomes. Journal of Ecol-
ogy, 94, 713-724.

Agren GI, Bosatta E, Magill AH (2001). Combining theory and
experiment to understand effects of inorganic nitrogen on
litter decomposition. Oecologia, 128, 94-98.

Allison SD, Gartner TB, Mack MC, McGuire K, Treseder K
(2010). Nitrogen alters carbon dynamics during early
succession in boreal forest. Soil Biology & Biochemistry,
42, 1157-1164.

Apolinario VXO, Dubeux JCB, Mello ACL (2014). Litter de-
composition of signalgrass grazed with different stocking
rates and nitrogen fertilizer levels. Agronomy Journal,
106(2), 1-6.

Arai H, Tokuchi N, Koba K (2007). Possible mechanisms lead-
ing to a delay in carbon stock recovery after land use
change. Soil Science Society of America Journal, 71,
1636-1638.

Bai YF, Wu JG, Christopher MC, Shahid N, Pan QM, Huang
JH, Zhang LX, Han XG (2010). Tradeoffs and thresholds
in the effects of nitrogen addition on biodiversity and eco-
system functioning: Evidence from Inner Mongolia grass-
lands. Global Change Biology, 16, 358-372.

Barantal S, Roy J, Fromin N, Schimann H, Héttenschwiler S

doi: 10.17521/cjpe.2017.0023

©U 00000 Chinese Journal of Plant Ecology



906 FEMIEZS 2R Chinese Journal of Plant Ecology 2017, 41 (8): 894-913

(2011). Long-term presence of tree species but not chemi-
cal diversity affect litter mixture effects on decomposition
in a neotropical rainforest. Oecologia, 167, 241-252.

Berg B, Matzner E (1997). Effect of N deposition on decompo-
sition of plant litter and soil organic matter in forest sys-
tems. Environmental Reviews, 5, 1-25.

Berg B, McClaugherty C (2003). Plant Litter-Decomposition,
Humus Formation, Carbon Sequestration. Springer, Ber-
lin.

Berg B, Staaf H (1980). Decomposition rate and chemical
changes in decomposing needle litter of Scots pine: Influ-
ence of chemical composition. Ecological Bulletin, 32,
373-390.

Bontti EE, Decant JP, Munson SM, Gathany MA, Przeszlowska
A, Haddix ML, Owens S, Burke IC, Parton WJ, Harmon
ME (2009). Litter decomposition in grasslands of Central
North America (US Great Plains). Global Change Biology,
15, 1356-1363.

Bowman WD, Cleveland CC, Halada L, Hresko J, Baron JS
(2008). Negative impact of nitrogen deposition on soil
buffering capacity. Nature Geoscience, 1, 767-770.

Bradford MA, Berg B, Maynard DS, Wieder WR, Wood SA
(2016). Understanding the dominant controls on litter de-
composition. Journal of Ecology, 104, 229-238.

Campbell EE, Parton WJ, Soong JL, Paustian K, Hobbs NT,
Cotrufo MF (2016). Using litter chemistry controls on mi-
crobial processes to partition litter carbon fluxes with the
Litter Decomposition and Leaching (LIDEL) Model. Soil
Biology & Biochemistry, 100, 160—174.

Carreiro MM, Sinsabaugh RL, Repert DA, Parkhurst DF (2000).
Microbial enzyme shifts explain litter decay responses to
simulated nitrogen deposition. Ecology, 81, 2359-2365.

Carrillo Y, Ball BA, Bradford MA, Jordan CF, Molina M
(2011). Soil fauna alter the effects of litter composition on
nitrogen cycling 290 in a mineral soil. Soil Biology &
Biochemistry, 43, 1440-1449.

Chapin FSI, Vitousek PM, van Cleve K (1986). The nature of
nutrient limitation in plant communities. The American
Naturalist, 127, 48-58.

Chapin IIT FS, Matson PA, Mooney HA (2002). Principles of
Terrestrial Ecosystem Ecology. Springer, New York.

Chartzoulakis K, Psarras G (2005). Global change effects on
crop photosynthesis and production in Mediterranean: The
case of Crete, Greece. Agriculture Ecosystems & Envi-
ronment, 106, 147-157.

Chen D, Lan Z, Hu S, Bai Y (2015a). Effects of nitrogen en-
richment on belowground communities in grassland: Rela-
tive role of soil nitrogen availability vs. soil acidification.
Soil Biology & Biochemistry, 89, 99-108.

Chen H, Dong S, Liu L, Ma C, Zhang T, Zhu X, Mo J (2013a).
Effects of experimental nitrogen and phosphorus addition
on litter decomposition in an old-growth tropical forest.

www.plant-ecology.com

PLOSONE, 8, €84101. doi: 10.1371/journal.pone.0084101.
Chen H, Li DJ, Gurmesaa GA, Yu GR, Li LH, Zhang W, Fang
HJ, Mo JM (2015b). Effects of nitrogen deposition on
carbon cycle in terrestrial ecosystems of China: A meta-
analysis. Environmental Pollution, 206, 352-360.

Chen YL, Xu ZW, Hu HW, Hu YJ, Hao ZP, Jiang Y, Chen BD
(2013b). Responses of ammonia-oxidizing bacteria and
archaea to nitrogen fertilization and precipitation incre-
ment in a typical temperate steppe in Inner Mongolia. Ap-
plied Soil Ecology, 68(3), 36-45.

Chen ZZ, Wang SP (2000). Typical Grasdand Ecosystem in
China. Science Press, Beijing. (in Chinese) [FfAe &, E#7F
- (2000). o SR EEAE S R B, b
]

Chomel M, Fernandez C, Bousquet-Melou A, Gers C, Monnier
Y, Santonja M, Gauquelin T, Gros R, Lecareux C, Baldy
V (2014). Secondary metabolites of Pinus halepensis alter
decomposer organisms and litter decomposition during
afforestation of abandoned agricultural zones. Journal of
Ecology, 102, 411-424.

Chomel M, Fernandez C, Gallet C, DesRochers A, Pare D,
Jackson BG, Baldy V (2016). Plant secondary metabolites:
A key driver of litter decomposition and soil nutrient cy-
cling. Journal of Ecology, 104, 1527-1541.

Cleland EE, Harpole WS (2010). Nitrogen enrichment and
plant communities. Annals of the New York Academy of
Science, 1195, 46-61.

Clemmensen KE, Bahr A, Ovaskainen O, Dahlberg A, Ekblad
A, Wallander H, Stenlid J, Finlay RD, Wardle DA, Lin-
dahl BD (2013). Roots and associated fungi drive long-
term carbon sequestration in boreal forest. Science, 339,
1615-1618.

Compton JE, Watrud LS, Porteous LA, de Grood S (2004).
Response of soil microbial biomass and community com-
position to chronic nitrogen additions at Harvard forest.
Forest Ecology & Management, 196, 143-158.

Cornwell WK, Cornelissen JHC, Amatangelo K (2008). Plant
species traits are the predominant control on litter decom-
position rates within biomes worldwide. Ecology Letters,
11, 1065-1071.

Deforest JL, Zak DR, Pregitzer KS, Burton AJ (2004). Atmos-
pheric nitrate deposition and the microbial degradation of
cellobiose and vanillin in a northern hardwood forest. Soil
Biology & Biochemistry, 36, 965-971.

Dirks I, Navon Y, Kanas D (2010). Atmospheric water vapor as
driver of litter decomposition in Mediterranean shrubland
and grassland during rainless seasons. Global Change Bi-
ology, 16, 2799-2812.

Eisenlord SD, Freedman Z, Zak DR, Xue K, He ZL, Zhou JL
(2013). Microbial mechanisms mediating increased soil C
storage under elevated atmospheric N deposition. Applied
and Environmental Microbiology, 79, 1191-1199.

©U 00000 Chinese Journal of Plant Ecology



Elser JJ, Bracken MES, Cleland EE, Gruner DS, Harpole WS,
Hillebrand H, Ngai JT, Seabloom EW, Shurin JB, Smith
JE (2007). Global analysis of nitrogen and phosphorus
limitation of primary producers in freshwater, marine and
terrestrial ecosystems. Ecology Letters, 10, 1135-1142.

Esperschiitz J, Welzl G, Schreiner K (2011). Incorporation of
carbon from decomposing litter of two pioneer plant spe-
cies into microbial communities of the detritusphere.
FEMS Microbiology Letters, 320, 48-55.

Everard K, Seabloom EW, Harpole WS, de Mazancourt C
(2010). Plant water use affects competition for nitrogen:
Why drought favors invasive species in California. The
American Naturalist, 2175, 85-97.

Fagerli H, Aas W (2008). Trends of nitrogen in air and precipi-
tation: Model results and observations at EMEP sites in
Europe, 1980-2003. Environmental Pollution, 154, 448—
461.

Fan J, Harris W, Zhong H (2016). Stoichiometry of leaf nitro-
gen and phosphorus of grasslands of the Inner Mongolian
and Qinghai-Tibet Plateau in relation to climatic variables
and vegetation organization levels. Ecological Research,
31, 821-829.

Finn D, Page K, Catton K, Strounina E, Kienzle M, Robertson
F, Armstrong R, Dalal R (2015). Effect of added nitrogen
on plant litter decomposition depends on initial soil carbon
and nitrogen stoichiometry. Soil Biology & Biochemistry,
91, 160-168.

Fioretto A, Papa S, Curcio E (2000). Enzyme dynamics on
decomposing leaf litter of Cistus incanus and Myrtus
communisin in a Mediterranean ecosystem. Soil Biology &
Biochemistry, 2, 1847-1855.

Flury S, Gessner MO (2011). Experimentally simulated global
warming and nitrogen enrichment effects on microbial lit-
ter decomposers in a Marsh. Applied and Environmental
Microbiology, 77, 803-809.

Fortunel C, Garnier E, Joffre R, Kazakou E, Quested H,
Grigulis K (2009). Leaf traits capture the effects of land
use changes and climate on litter decomposability of
grasslands across Europe. Ecology, 90, 598—611.

Freedman ZB, Upchurch RA, Zak DR, Cline LC (2016). An-
thropogenic N deposition slows decay by favoring bacte-
rial metabolism: Insights from metagenomic analyses.
Frontiersin Microbiology, 7, 259.

Freschet GT, Cornwell WK, Wardle DA, Elumeeva TG, Jack-
son BG, Onipchenko VG, Soudzilovskaia NA, Tao J,
Cornelissen JHC (2013). Linking litter decomposition of
above- and below-ground organs to plant-soil feedbacks
worldwide. Journal of Ecology, 101, 943-952.

Frey SD, Knorr M, Parrent JL (2004). Chronic nitrogen en-
richment affects the structure and function of the soil mi-
crobial community in temperate hardwood and pine for-
ests. Forest Ecology and Management, 196, 159-171.

WIS SUCRE S ) o RIS BT Fe it e 907

Galloway JN, Dentener FJ, Capone DG, Boyer EW, Howarth
RW, Seitzinger SP, Asner GP, Cleveland CC, Green PA,
Holland EA, Karl DM, Michaels AF, Porter JH, Townsend
AR, Voosmarty CJ (2004). Nitrogen cycles: Past, present,
and future. Biogeochemistry, 70, 153-226.

Gandois L, Perrin AS, Probst A (2011). Impact of nitrogenous
fertiliser-induced proton release on cultivated soils with
contrasting carbonate contents: A column experiment.
Geochimica et Cosmochimica Acta, 75, 1175-1198.

Gao YH, Ma G, Zeng XY, Xu SQ, Wang DW (2015). Re-
sponses of microbial respiration to nitrogen addition in
two alpine soils in the Qinghai-Tibetan Plateau. Journal of
Environmental Biology, 36, 261-265.

Gartner TB, Cardon ZG (2004). Decomposition dynamics in
mixed-species leaf litter. Oikos, 104, 230-246.

Gergocs V, Hufnagel L (2016). The effect of microarthropods
on litter decomposition depends on litter quality. European
Journal of Soil Biology, 75, 24-30.

Gessner MO, Swan CM, Dang CK, McKie BG, Bardgett RD,
Wall DH, Hittenschwiler S (2010). Diversity meetsde-
composition. Trends in Ecology and Evolution, 25, 372—
380.

Giese M, Gao YZ, Zhao Y, Pan QM, Lin S, Peth S, Brueck H
(2009). Effects of grazing and rainfall variability on root
and shoot decomposition in a semi-arid grassland. Applied
Soil Ecology, 41, 8-18.

Gliksman D, Rey A, Seligmann R (2016). Biotic degradation at
night, abiotic degradation at day: Positive feedbacks on
litter decomposition in drylands. Global Change Biology,
23, 1564-1574.

Gough L, Osenberg CW, Gross KL, Collins SL (2000). Fertili-
zation effects on species density and primary productivity
in herbaceous plant communities. Oikos, 89, 428—439.

Guo D, Fan P (2007). Four hypotheses about the effects of soil
nitrogen availability on fine root production and turnover.
Journal of Applied Ecology, 18, 2354-2360.

Gracia-Palacios P, Maestre FT, Kattge J, Wall DH (2013). Cli-
mate and litter quality differently modulate the effects of
soil fauna on litter decomposition across biomes. Ecology
Letters, 16, 1045-1053.

Giisewell S, Gessner MO (2009). N:P ratios influence litter
decomposition and colonization by fungi and bacteria in
microcosms. Functional Ecology, 23, 211-219.

Hittenschwiler S, Vitousek PM (2000). The role of polyphenols
in terrestrial ecosystem nutrient cycling. Trendsin Ecology
& Evolution, 15, 238.

Hautier Y, Niklaus PA, Hector A (2009). Competition for light
causes plant biodiversity loss after eutrophication. Science,
324, 636-638.

Haynes AG, Schiitz M, Buchmann N, Page-Dumroese DS,
Busse MD, Risch AC (2014). Linkages between grazing
history and herbivore exclusion on decomposition rates in

doi: 10.17521/cjpe.2017.0023

©U 00000 Chinese Journal of Plant Ecology



908 FEMIEZS 2R Chinese Journal of Plant Ecology 2017, 41 (8): 894-913

mineral soils of subalpine grasslands. Plant and Soil, 374,
579-591.

He JS, Han XG (2010). Ecological stoichiometry: Searching for
unifying principles from individuals to ecosystems. Chi-
nese Journal of Plant Ecology, 34, 2—6. (in Chinese with
English abstract) [#14:4E, #XE (2010). AEFMEET
2% WBEMAMEBES RGNS — W, EYES
iR, 34,2-6.]

He KJ, Qi Y, Huang YM, Chen HY, Sheng ZL, Xu Xia, Duan
L (2016). Response of aboveground biomass and diversity
to nitrogen addition—A five-year experiment in semi-arid
grassland of Inner Mongolia, China. Scientific Reports, 6.
31919. doi: 10.1038/srep31919.

Hedwall PO, Nordin A, Strengbom J, Brunet J, Olsson B
(2013). Does background nitrogen deposition affect the
response of boreal vegetation to fertilization? Oecologia,
173, 615-624.

Henry H, Cleland EE, Field CB, Vitousek PM (2005). Interac-
tive effects of elevated CO,, N deposition and climate
change on plant litter quality in a California annual grass-
land. Oecologia, 142, 465-473.

Henry HAL, Moise ERD (2015). Grass litter responses to
warming and N addition: Temporal variation in the con-
tributions of litter quality and environmental effects to de-
composition. Plant and Soil, 389, 35-43.

Hessen DO, Agren GI, Anderson TR, Elser JJ, de Ruiter PC
(2004). Carbon sequestration in ecosystems: The role of
stoichiometry. Ecology, 85, 1179-1192.

Hobbie SE (2008). Nitrogen effects on decomposition: A five-
year experiment in eight temperate sites. Ecology, 89,
2633-2644.

Hobbie SE, Eddy WC, Buyarski CR, Adair EC, Ogdahl ML,
Weisenhorn P (2012). Response of decomposing litter and
its microbial community to multiple forms of nitrogen en-
richment. Ecological Monographs, 82, 389—405.

Hogberg MN, Briones MJ, Keel SG, Metcalfe DB, Campbell C,
Midwood AJ, Thornton B, Hurry V, Linder S, Nasholm T,
Hogberg P (2010). Quantification of effects of season and
nitrogen supply on tree below-ground carbon transfer to
ectomycorrhizal fungi and other soil organisms in a boreal
pine forest. New Phytologist, 187, 485-493. doi:
10.1111/5.1469-8137.2010.03274 x.

Hu ZM, Fan JW, Zhong HP, Han B (2005). Progress on grass-
land underground biomass researches in China. Chinese
Journal of Ecology, 24, 1095-1101. (in Chinese with Eng-
lish abstract) [HAH1 G, SIS, B4R, #W (2005).
oh [ E N AR AT T R RS, 24, 1095-
1101.]

IPCC (Intergovernmental Panel on Climate Change) (2007).
Climate Change: The Physical Science Basis. Cambridge
University Press, Cambridge, UK.

Jacobson TK, Bustamante MM, Kozovits AR (2010). Diversity

www.plant-ecology.com

of shrub tree layer, leaf litter decomposition and N release
in a Brazilian Cerrado under N, P and N plus P additions.
Environmental Pollution, 159, 2236-2242.

Jiang XY, Cao LX, Zhang RD, Yan LJ, Mao Y, Yang YW
(2014). Effects of nitrogen addition and litter properties on
litter decomposition and enzyme activities of individual
fungi. Applied Soil Ecology, 80, 108-115.

Johansson O, Palmqvist K, Olofsson J (2012). Nitrogen lichen
community changes through differential species responses.
Global Change Biology, 18, 2626-2635.

Kai Y, Yang W, Peng C, Peng Y, Zhang C, Huang C, Tan Y,
Wu FZ (2016). Foliar litter decomposition in an alpine
forest meta-ecosystem on the eastern Tibetan Plateau.
Science of the Total Environment, 566567, 279-287. doi:
10.1016/j.scitotenv.2016.05.081.

Kang HZ, Xin ZJ, Berg B, Burgess PJ, Liu QL, Liu ZC (2010).
Global pattern of leaf litter nitrogen and phosphorus in
woody plants. Annals of Forest Science, 67, 811.

Keeler BL, Hobbie SE, Kellogg LE (2009). Effects of
long-term nitrogen addition on microbial enzyme activity
in eight forested and grassland sites: Implications for litter
and soil organic matter decomposition. Ecosystems, 12,
1-15.

Knicker H, Ludemann HD, Haider K (1997). Incorporation
studies of NH," during incubation of organic residues by
’N-CPMAS-NMR-spectroscopy. European Journal of
Soil Science, 48, 431-441.

Knorr M, Frey SD, Curtis PS (2008). Nitrogen additions and
litter decomposition: A meta-analysis. Ecology, 86, 3252—
3257.

Ladwig LM, Collins SL, Swann AL, Yang X, Allen MF, Allen
EB (2012). Above- and below-ground responses to nitro-
gen addition in a chihuahuan desert grassland. Oecologia,
169, 177-185.

LeBauer DS, Treseder KK (2008). Nitrogen limitation of net
primary productivity in terrestrial ecosystems is globally
distributed. Ecology, 89, 371-379.

Li WY, Yu WC, Bai L, Liu HM, Yang DL (2016). Effects of
nitrogen addition on the mixed litter decomposition in
Sipa baicalensis steppe in Inner Mongolia. American
Journal of Plant Sciences, 7, 547-561.

Li YB, Li Q, Yang JJ, Lii XT, Liang WJ, Han XG (2016). Ef-
fect of simulated nitrogen deposition on litter quality in a
temperate grassland. Chinese Journal of Ecology, 35,
2732-2737. (in Chinese with English abstract) [ZSZi5,
FHL, RA, B, RICE, wXE (2016). Hi
RUTRE xR R VE VI BRI, AR, 35,
2732-2737.]

Liao LP, Gao H, Wang SL, Ma YQ, Huang ZQ, Yu XJ (2000).
The effect of nitrogen addition on soil nutrient leaching
and the decomposition of Chinese fir leaf litter. Acta Phy-
toecologica Snica, 24, 34-39. (in Chinese with English

©U 00000 Chinese Journal of Plant Ecology



abstract) [BEFIF, &k, ERIE, Bk, AR, T
/N (2000). FMINEITEISAZ AR TE Y o il e LR TR
SRR IR, REYE SR, 24, 34-39.]

Liu J, Peng B, Xia ZW, Sun JF, Gao DC, Dai WW, Jiang P, Bai
E (2016). Different fates of deposited NH," and NO5™ in a
temperate forest in northeast China: A "N tracer study.
Global Change Biology, 23, 2441-2449.

Liu P, Huang JH, Sun OJ, Han X (2010). Litter decomposition
and nutrient release as affected by soil nitrogen availability
and litter quality in a semiarid grassland ecosystem.
Oecologia, 162, 771-780.

Liu Q, Peng SL, Bi H, Zhang HY, Ma WH, Li NY (2004). The
reciprocal decomposition of foliar litter in tropical and
subtropical forests. Acta Scientiarum Naturalium Univer-
Sitatis Sunyatseni, 43(4), 86—89. (in Chinese with English
abstract) [XI5&, /0, HEME, TKELER, D00, Zge
AE (2004). Fhity 7 FAHT FRAR IR V& 40 28 EL 23 RO RIE
K2R E RREAR, 43(4), 86-89.]

Liu Q, Peng SL (2010). Plant Litter Ecology. Science Press,
Beijing. 54-95. (in Chinese) [XI|5#, 35/ (2010). 4
WA B, bt 54-95]

Liu SE, Li YY, Fang X, Huang WJ, Long FL, Liu JX (2015).
Effects of the level and regime of nitrogen addition on
seedling growth of four major tree species in subtropical
China. Chinese Journal of Plant Ecology, 39, 950-961. (in
Chinese with English abstract) [XIX{dk, 2= 5, JFRE,
TOCHE, AL, KIEFE (2015). ARG 0 AR N
77 300 B e 44 R A i AR KIS . A
2R, 39, 950-961.]

Liu XJ, Duan L, Mo JM, Du EZ, Shen JI, Lu XK, Zhang Y,
Zhou XB, He C, Zhang FS (2011). Nitrogen deposition
and its ecological impact in China: An overview. Envi-
ronmental Pollution, 159, 2251-2264.

Liu XJ, Zhang Y, Han WX, Tang AH, Shen JL, Cui ZL, Vi-
tousek P, Erisman JW, Goulding K, Christie P, Fangmeier
A, Zhang FS (2013). Enhanced nitrogen deposition over
China. Nature, 494, 459-462.

Long M, Wu HH, Smith MD, Pierre K, Lii XT, Zhang HY, Han
XG, Yu Q (2016). Nitrogen deposition promotes phos-
phorus uptake of plants in a semi-arid temperate grassland.
Plant and Soil, 408, 475-484.

Lu GC, Shao YR, Xue L (2014). Research progress in the effect
of nitrogen deposition on litter decomposition. World For-
estry Research, 27(1), 35-42. (in Chinese with English
abstract) [/7) H, AMGAT, BEIL (2014). BUTFEXTATE
Yoy RS AT L HE R, AR AL, 27(1), 35-42.]

Lii XT, Kong DL, Pan QM, Simmons ME, Han XG (2012). Ni-
trogen and water availability interact to affect leaf stoic-
hiometry in a semi-arid grassland. Oecologia, 168, 301—
310.

Li XT, Reed S, Yu Q, He NP, Wang ZW, Han XG (2013).
Convergent responses of nitrogen and phosphorus resorp-

WIS SUCRE i ) RS BT Fe it e 909

tion to nitrogen inputs in a semiarid grassland. Global
Change Biology, 19, 2775-2784.

Lummer D, Scheu S, Butenschoen O (2012). Connecting litter
quality, microbial community and nitrogen transfer mec-
hanisms in decomposing litter mixtures. Oikos, 121, 1649—
1655.

Luo QP, Gong JR, Zhai ZW, Pan Y, Liu M, Xu S, Wang YH,
Yang LL, Baoyin TT (2016). The responses of soil respi-
ration to nitrogen addition in a temperate grassland in
northern China. Science of the Total Environment, 569,
1466—-1477.

Makhnev AK, Makhneva NE (2010). Landscape-ecological and
population aspects of the strategy of restoration of 443
disturbed lands. Contemporary Problems of Ecology, 3,
318-322.

Manning P, Saunders M, Bardgett RD, Bonkowski M, Bradford
MA, Ellis RJ, Kandeler E, Marhan S, Tscherko D (2008).
Direct and indirect effects of nitrogen deposition on litter
decomposition. Soil Biology & Biochemistry, 40, 688—698.

Manzoni S, Trofymow JA, Jackson RB, Porporato A (2010).
Stoichiometric controls on carbon, nitrogen, and phospho-
rus dynamics in decomposing litter. Ecological Mono-
graphs, 80, 89-106.

Meentemeyer V (1978). Macroclimate and lignin control of
hardwood leaf litter fecomposition dynamics. Ecology, 59,
465-472.

Moorhead DL, Sinsabaugh RL (2006). A theoretical model of
litter decay and microbial interaction. Ecological Mono-
graphs, 76, 151-174.

Ning QS, Gu Q, Shen JP, Lii XT, Yang JJ, Zhang XM, He JZ,
Huang JH, Wang H, Xu ZH, Han XG (2015). Effects of
nitrogen deposition rates and frequencies on the abundance
of soil nitrogen-related functional genes in temperate
grassland of northern China. Journal of Soils and Sedi-
ments, 15, 694-704.

Niu SL, Liu WX, Wan SQ (2008). Different growth responses
of C; and C,4 grasses to seasonal water and nitrogen re-
gimes and competition in a pot experiment. Journal of
Experimental Botany, 59, 1431-1439.

Pan F, Li Y, Chapman SJ, Khan S, Yao H (2016). Microbial
utilization of rice straw and its derived biochar in a paddy
soil. Science of the Total Environment, 559, 15-23.

Pan QM, Bai YF, Han XG, Yang JC (2005). Effects of nitrogen
additions on a Leymus Chinensis population in a typical
steppe of Inner Mongolia. Acta Phytoecologica Snica, 29,
311-317.

Peng Q, Qi YC, Dong YS, He YT, Xiao SS, Liu XC, Sun LJ,
Jia JQ, Guo SF, Cao CC (2014). Litter decomposition and
C and N dynamics as affected by N additions in a semi-
arid temperate steppe, Inner Mongolia of China. Journal of
Arid Land, 6, 432-444.

Piao SL, Fang JY, Zhou LM, Tan K, Tao S (2007). Changes in

doi: 10.17521/cjpe.2017.0023

©U 00000 Chinese Journal of Plant Ecology



910 FEMIEZ 2R Chinese Journal of Plant Ecology 2017, 41 (8): 894-913

biomass carbon stocks in China’s grasslands between 1982
and 1999. Global Biogeochemical Cycles, 21, B2002
(1-10). doi: 10.1029/2005GB002634.

Prescott CE (2010). Litter decomposition: What controls it and
how can we alter it to sequester more carbon in forest
soils? Biogeochemistry, 101, 133-149.

Qi YC, Peng Q, Dong YS, Xiao SS, Jia JQ, Guo SF, He YL,
Yan ZQ, Wang LQ (2015). Responses of ecosystem car-
bon budget to increasing nitrogen deposition in differently
degraded Leymus chinensis steppes in Inner Mongolia,
China. Environment Science, (2), 625-635. (in Chinese
with English abstract) [F¥ L%, %, ®Eaft, B4,
PN, FWTT, e, EEE, £WT (2015). A
(7 T A T2 PR~ e o i AT SR A DL SR o A g W .
WEiRL#, (2), 625-635.]

Qualls RG, Richardson CJ (2000). Phosphorus enrichment af-
fects litter decomposition, immobilization, and soil micro-
bial phosphorus in wetland mesocosms. Soil Science Soci-
ety of America Journal, 64, 799-808.

Quested HM, Press MC, Callaghan TV, Cornelissen JHC
(2002). The hemiparasitic angiosperm Bartsia alpina has
the potential to accelerate decomposition in sub-arctic
communities. Oecologia, 130, 88-95.

Raich JW, Tufekciogul A (2000). Vegetation and soil respira-
tion: Correlations and controls. Biogeochemistry, 48, 71-90.

Ren ZW, Li Q, Chu CJ, Zhao LQ, Zhang JQ, Ai D, Yang YB,
Wang G (2010). Effects of resource additions on species
richness and ANPP in an alpine meadow community.
Journal of Plant Ecology, 3, 25-31.

Rice EL (1984). Allelopathy. Academic Press, London.

Rousk J, Baath E, Brookes PC, Lauber CL, Lozupone C, Capo-
raso JG, Knight R, Fierer N (2010). Soil bacterial and fun-
gal communities across a pH gradient in an arable soil. The
ISME Journal, 4, 1340-1351.

Rousk J, Brookes PC, Baath E (2011). Fungal and bacterial
growth responses to N fertilization and pH in the 150-year
“park grass” UK grassland experiment. FEMS Microbiol-
ogy Ecology, 76, 89-99.

Sala OE, Gherardi LA, Reichmann L, Jobbagy E, Peters D
(2012). Legacies of precipitation fluctuations on primary
production: Theory and data synthesis. Philosophical
Transactions of the Royal Society B: Biological Sciences,
367,3135-3144.

Sall SN, Masse D, Bernhard-Reversat F, Guisse A, Chotte JL
(2003). Microbial activities during the early stage of labo-
ratory decomposition of tropical leaf litters: The effect of
interactions between litter quality and exogenous inorganic
nitrogen. Biology and Fertility of Soils, 39, 103—111.

Schilling EM, Waring BG, Schilling JS, Powers JS (2016).
Forest composition modifies litter dynamics and decom-
position in regenerating tropical dry forest. Oecologia,
182, 1-11.

www.plant-ecology.com

Schuster MJ (2015). Increased rainfall variability and N addi-
tion accelerate litter decomposition in a restored prairie.
Oecologia, 180, 1-11.

ShiY (2014). Effects of Experimental Nitrogen Addition on Soil
Enzyme Activities in Temperate Grassland of Inner Mon-
golia. Master degree dissertation, Northeast Normal
University, Changchun. (in Chinese with English abstract)
[HERE (2014). ZUTRENS P 5 bl s 5 i e s 52
ma PRI AL, LA S, RILMIE R, K&

Silver WL, Miya RK (2001). Global patterns in root decompo-
sition: Comparisons of climate and litter quality effects.
Oecologia, 129, 407-419.

Smith SW, Woodin SJ, Pakeman RJ, Johnson D, van der Wal R
(2014). Root traits predict decomposition across a land-
scape-scale grazing experiment. New Phytologist, 203,
851-862.

Smith VC, Bradford MA (2003). Litter quality impacts on
grassland litter decomposition are differently dependent on
soil fauna across time. Applied Soil Ecology, 24, 197-203.

Solly EF, Schoning I, Boch S, Kandeler E, Marhan S, Michal-
zik B, Miiller J, Zscheischler J, Trumbore SE, Schrumpf M
(2014). Factors controlling decomposition rates of fine
root litter in temperate forests and grasslands. Plant and
Soil, 382, 203-218.

Song P, Zhang NL, Ma KP, Guo JX (2014). Impacts of global
warming on litter decomposition. Acta Ecologica Snica,
34, 1327-1339. (in Chinese with English abstract) [¥H,
SKI5F, e, AR (2014). ABRARABE N
Yoy iR, ARSI, 34, 1327-1339.]

Song X, Li Q, Gu H (2017). Effect of nitrogen deposition and
management practices on fine root decomposition in Moso
bamboo plantations. Plant and Soil, 410, 207-215.

Stevens CJ, Smart SM, Henrys PA, Maskell LC, Cheffings CM,
Whitfield C, Gowing DJG, Rowe EC, Dore AJ, Emmett
BA (2012). Terricolous lichens as indicators of nitrogen
deposition: Evidence from national records. Ecological
Indicators, 20, 196-203.

Stocker TF, Qin D, Plattner G-K, Tignor MMB, Allen SK,
Boschung J, Nauels A, Xia Y, Bex V, Midgley PM (2014).
Climate Change 2013: The Physical Science Basis. Cam-
bridge University Press, Cambridge, UK.

Strickland MS, Rousk J (2010). Considering fungal: bacterial
dominance in soils—Methods, controls and ecosystem im-
plications. Soil Biology & Biochemistry, 42, 1385-1395.

Suding KN, Collins SL, Gough L, Clark C, Cleland EE, Gross
KL, Milchunas DG, Pennings S (2005). Functional- and
abundance-based mechanisms explain diversity loss due to
N fertilization. Proceedings of the National Academy of
Sciences of the United States of America, 102, 4387-4392.

Sun T, Dong L, Mao Z (2015). Simulated atmospheric nitrogen
deposition alters decomposition of ephemeral roots. Eco-
systems, 18(7), 1-13.

©U 00000 Chinese Journal of Plant Ecology



Sun T, Dong L, Wang Z, Lii X, Mao Z (2016). Effects of
long-term nitrogen deposition on fine root decomposition
and its extracellular enzyme activities in temperate forests.
Soil Biology & Biochemistry, 93, 50-59.

Swift M, Heal O, Anderson J (1979). Decomposition in terres-
tial ecosystems. Applied Physics Letters, 83, 2772-2774.

Tessier M, Vivier JP, Ouin A, Gloaguen JC, Lefeuvre JC
(2003). Vegetation dynamics and plant species interactions
under grazed and ungrazed conditions in a western Euro-
pean salt marsh. Acta Oecologica, 24, 103—111.

Tiunov AV (2009). Particle size alters litter diversity effects on
decomposition. Soil Biology & Biochemistry, 41, 176-178.

Turner MM, Henry HAL (2009). Interactive effects of warming
and increased nitrogen deposition on "°N tracer retention in
a temperate old field: Seasonal trends. Global Change Bi-
ology, 15, 2885-2893.

Valenzuela-Solano C, Crohn DM (2006). Are decomposition
and N release from organic mulches determined mainly by
their chemical composition? Soil Biology & Biochemistry,
38, 377-384.

Valera-Burgos J, Zunzunegui M, Cruz Diaz-Barradas M
(2013). Do leaf traits and nitrogen supply affect decom-
posability rates of three Mediterranean species growing
under different competition levels? Pedobiologia, 56, 113—
119.

Vitousek PM, Porder S, Houlton BZ, Chadwick OA (2010).
Terrestrial phosphorus limitation: Mechanisms, implica-
tions, and nitrogen-phosphorus interactions. Ecological
Application, 20, 5-15.

Vivanco L, Austin AT (2011). Nitrogen addition stimulates
forest litter decomposition and disrupts species interac-
tions in Patagonia, Argentina. Global Change Biology, 17,
1963-1974.

Wall DH, Bradford MA, John MG, Trofymow JA, Be-
han-Pelletier V, Bignell DDE (2008). Global decomposi-
tion experiment shows soil animal impacts on decomposi-
tion are climate-dependent. Global Change Biology, 14,
2661-2677.

Wallenstein MD, Haddix ML, Ayres E, Steltzer H, Ma-
grini-Bair KA, Paul EA (2013). Litter chemistry changes
more rapidly when decomposed at home but converges
during decomposition-transformation. Soil Biology &
Biochemistry, 57, 311-319.

Wang GL, Xue S, Liu F, Liu GB (2017). Nitrogen addition
increases the production and turnover of the lower-order
roots but not of the higher-order roots of Bothriochloa is-
chaemum. Plant and Soil, 415, 423-434.

Wang JY, Zhang XY, Wen XF, Wang SQ, Wang HM (2013).
The effect of nitrogen deposition on forest soil organic
matter and litter decompostion and the microbial mecha-
nism. Acta Ecologica Snica, 33, 1337-1346. (in Chinese
with English abstract) [T 38, K05, H¥Kk, £H

PRI SRR X b v V) o0 il O RE T FE ke 911

i, FHER (2013). ZUTFERT AR LG WS AT JE 74
I3 AR KL RCE Y U] AR AEER, 33, 1337
1346.]

Wang SQ, Yu GR (2008). Ecological stoichiometry character-
istics of ecosystem carbon, nitrogen and phosphorus ele-
ments. Acta Ecologica Sinica, 28, 3937-3947. (in Chinese
with English abstract) [F #4538, T 515 (2008). A£EFR
Gk AT R N AEB AT R E. EFHR, 28,
3937-3947.]

Wang W, Wang T, Peng SS, Fang JY (2007). Review of winter
CO, efflux from soil: A key process of CO, exchange be-
tween soil and atmosphere. Journal of Plant Ecology
(Chinese Version), 31, 394-402. (in Chinese with English
abstract) [F €, %, HHN, HHZE (2007). &=+
BN ] ZM R CO L AR, Y AESFR,
31, 394-402.]

Wang XY, Zhao XY, Li YL (2013). Effects of environmental
factors on litter decomposition in arid and semi-arid re-
gions: A review. Chinese Journal of Applied Ecology, 24,
3300-3310. (in Chinese with English abstract) [H1H,
BT, FEHKE (2013). HEHEXTEET R XEE
Yoy RIS ik JU R . R AR S A, 24, 3300
3310.]

Wang YH, Gong JR, Liu M, Luo QP, Xu S, Pan Y, Zhai ZW
(2015). Effects of land use and precipitation on above- and
below-ground litter decomposition in a semi-arid temper-
ate steppe in Inner Mongolia, China. Applied Soil Ecology,
96, 183-191.

Wardle DA, Bardgett RD, Klironomos JN, Setild H, van der
Putten WH, Wall DH (2004). Ecological linkages between
aboveground and belowground biota. Science, 304, 1629—
1633.

Waring BG (2013). Exploring relationships between enzyme
activities and leaf litter decomposition in a wet tropical
forest. Soil Biology & Biochemistry, 64, 89-95.

Weatherly HE, Zitzer SF, Coleman JS (2003). In situ litter de-
composition and litter quality in a Mojave Desert ecosys-
tem: Effects of elevated atmospheric CO, and interannual
climate variability. Global Change Biology, 9, 1223-1233.

Wilson EJ (1992). Foliar uptake and release of inorganic nitro-
gen compounds in Pinus sylvestris L. and Picea abies (L.)
Karst. New Phytologist, 120, 407—416.

Xia J, Wan S (2008). Global response patterns of terrestrial
plant species to nitrogen addition. New Phytologist, 179,
428-439.

Xia JY, Niu SL, Wan SQ (2009). Response of ecosystem car-
bon exchange to warming and nitrogen addition during
two hydrologically contrasting growing seasons in a tem-
perate steppe. Global Change Biology, 15, 1544-1556.

Xia L, Wu FZ, Yang WQ, Tan B (2012). Contribution of soil
fauna to the mass loss of Betula albosinensis leaf litter at
early decomposition stage of subalpine forest litter in

doi: 10.17521/cjpe.2017.0023

©U 00000 Chinese Journal of Plant Ecology



912 FEMIEZ 2R Chinese Journal of Plant Ecology 2017, 41 (8): 894-913

western Sichuan. Chinese Journal of Applied Ecology, 23,
301-306. (in Chinese with English abstract) [, 2@
B, T, E (2012). VL & AR VE A o iR
W] 3 S o 20 M R v B AR R TR, N A
AR, 23, 301-306.]

Xia M, Talhelm AF, Pregitzer KS (2015). Fine roots are the
dominant source of recalcitrant plant litter in sugar ma-
ple-dominated northern hardwood forests. New Phytolo-
gist, 208, 715-726.

Xiong Y, Xu GQ, Wu L (2012). Progress on non-additive ef-
fects of mixed litter decomposition. Environmental Sci-
ence & Technology, 35(9), 56-60. (in Chinese with Eng-
lish abstract) [#&5, VFIu#h, R (2012). IRGHEY)
SRR IRV RSB FU SR . REER S 5 R, 3509),
56-60.]

Xu XT, Liu HY, Song ZL, Wang W, Hu GZ, Qi ZH (2015).
Response of aboveground biomass and diversity to nitro-
gen addition along a degradation gradient in the Inner
Mongolian steppe, China. Scientific Reports, 5, 10284.
doi: 10.1038/srep10284.

Xu'Y, Fan J, Ding W, Gunina A, Chen Z, Bol R, Luo J, Bolan
N (2017). Characterization of organic carbon in decom-
posing litter exposed to nitrogen and sulfur additions:
Links to microbial community composition and activity.
Geoderma, 116-124.

Xu YH, Fan JL, Ding WX, Bol R, Chen ZM, Luo JF, Bolan N
(2016). Stage-specific response of litter decomposition to
N and S amendments in a subtropical forest soil. Biology
& Fertility of Sails, 52, 711-724.

Yang LL, Gong JR, Wang YH, Liu M, Luo QP, Xu S, Pan Y,
Zhai ZW (2016). Effects of grazing intensity and grazing
exclusion on litter decomposition in the temperate steppe
of Nei Mongol, China. Chinese Journal of Plant Ecology,
40, 748-759. (in Chinese with English abstract) [#% TN,
EER, FILE, g, PR, 1w, %%, 2516
(2016) . P95 i A JEUA [ O o P AT A S 7 0 4
TE S RIGRE . RE A S 253, 40, 748-759.]

Yang YH, Ji CJ, Ma WH, Wang SF, Wang SP, Han WX,
Mohammat A, Robinson D, Smith P (2012). Significant
soil acidification across northern China’s grasslands dur-
ing 1980s-2000s. Global Change Biology, 18, 2292-2300.

Yoccoz NG (2012). The future of environmental DNA in ecol-
ogy. Molecular Ecology, 21, 2031-2038.

Yu WC, Song XL, Wang H, Zhao JN, Lai X, Yang DL (2013).
Advances in the effect of nitrogen deposition on grassland
litter decomposition. Journal of Agricultural Resources
and Environment, (6), 14—19. (in Chinese with English ab-
stract) [ T3, Rk, T, RET, MK, HEk
(2013). BUTFEXS B T o iR . RV B S
RESZAR, (6), 14-19.]

Zeng FJ, Guo HF, Liu B, Zeng J, Xing WJ, Zhang XL (2010).
Characteristics of biomass allocation and root distribution

www.plant-ecology.com

of Tamarix ramosissima Ledeb. and Alhagi sparsifolia
Shap. seedlings. Arid Land Geography, 33, 59-64.

Zhang CH (2013). Shoot and Root Tissues Decomposition and
Its Underlying Mechanisms of Dominant Speciesin a Tem-
perate Seppe of Hulun Buir, Inner Mongolia. PhD
dissertation, The University of Chinese Academy of Sci-
ences, Beijing. (in Chinese with English abstract) [k F4T
(2013). FPAG: DR B fm) o 5 3 AR S ) M L3RV
FR R AL i B S FLA L. 2 Ao,
FERf R, dbat.]

Zhang CH, Li SG, Zhang LM, Xin XP, Liu XR ( 2013). Effects
of species and low dose nitrogen addition on litter decom-
position of three dominant grasses in Hulun Buir Meadow
Steppe. Journal of Resources & Ecology, 4, 20-26.

Zhang D, Hui D, Luo Y, Zhou G (2008). Rates of litter decom-
position in terrestrial ecosystems: Global patterns and con-
trolling factors. Journal of Plant Ecology, 1, 85-93.

Zhang NL, Guo JX, Wang XY, Ma KP (2007). Soil microbial
feedbacks to climate warming and atmospheric N deposi-
tion. Journal of Plant Ecology (Chinese Version), 31,
252-261. (in Chinese with English abstract) [5K /5], %8
45, THET, SRF (2007). LIPS RAREE
FIORANVURERIm N, YDA 54R, 31, 252-261.]

Zhang W, Chao L, Yang Q (2016). Litter quality mediated ni-
trogen effect on plant litter decomposition regardless of
soil fauna presence. Ecology, 97, 2834.

Zhang YH, Feng J, Isbell F, Lii XT, Han XG (2015a). Produc-
tivity depends more on the rate than the frequency of N
addition in a temperate grassland. Scientific Reports, 5,
12558. doi: 10.1038/srep12558.

Zhang YB, Luo P, Sun G, Mou CX, Wang ZY, Wu N, Luo GR
(2012). Effects of grazing on litter decomposition in two
alpine meadow on the eastern Qinghai-Tibet Plateau. Acta
Ecologica Snica, 32, 4605-4617. (in Chinese with Eng-
lish abstract) [5KHfii, P, MR, A, FEZ, =
T, BOLIR (2012). RO T ey i AR A MR v 9
TR R PR VR oy R RO E . PR ASAE AR, 32, 4605-
4617.]

Zhang YH, Stevens CJ, Li XT, He NP, Huang JH, Han XG
(2015b). Fewer new species colonize at low frequency N
addition in a temperate grassland. Functional Ecology, 30,
1247-1256.

Zhao H, Huang G, Li Y, Ma J, Sheng JD, Jia HT, Li CJ
(2015a). Effects of increased summer precipitation and ni-
trogen addition on root decomposition in a temperate de-
sert. PLOSONE, 10, ¢0142380. doi: 10.1371/journal.pone.
0142380.

Zhao Y, Wu F, Yang W (2015b). Variations in bacterial com-
munities during foliar litter decomposition in the winter
and growing seasons in an alpine forest of the eastern Ti-
betan Plateau. Canadian Journal of Microbiology, 62,
35-48.

©U 00000 Chinese Journal of Plant Ecology



WANEANAE: RUCRExT SR ) o RIS BT FU e e 913

Zhou GY, Guan LL, Wei XH (2008). Factors influencing leaf Zhu W, Wang J, Zhang Z, Ren F, Chen L, He JS (2016a).

litter decomposition: An intersite decomposition experi- Changes in litter quality induced by nutrient addition alter
ment across China. Plant and Soil, 311, 61-72. litter decomposition in an alpine meadow on the Qinhai-
Zhou ZH, Wang CK (2016). Responses and regulation mecha- Tibet Plateau. Scientific Reports, 6, 34290. doi: 10.1038/
nisms of microbial decomposers to substrate carbon, ni- srep34290.
trogen, and phosphorus stoichiometry. Chinese Journal of Zhu X, Chen H, Zhang W, Huang J, Fu SL, Liu ZF, Mo JM
Plant Ecology, 40, 620-630. (in Chinese with English ab- (2016b). Effects of nitrogen addition on litter decomposi-
stract) [JHIEFE, AL (2016). FUAEWINT 2 I P &L tion and nutrient release in two tropical plantations with
WAL= T 2 g SRR L. AR 24, 40, 620~ N,-fixing vs. non-N,-fixing tree species. Plant and Soil,
630.] 399, 61-74.
Zhu FF, Yoh M, Gilliam FS, Yoh M, Lu XK, Mo JM (2013). Zhu X, Zhang W, Chen H, Mo J (2015). Impacts of nitrogen
Nutrient limitation in three lowland tropical forests in deposition on soil nitrogen cycle in forest ecosystems: A
southern china receiving high nitrogen deposition: Insights review. Acta Ecologica Snica, 35, 35-43.

from fine root responses to nutrient additions. PLOS ONE,
8, €82661. doi: 10.1371/journal.pone.0082661. T BB SEmE: O

doi: 10.17521/cjpe.2017.0023

©U 00000 Chinese Journal of Plant Ecology





