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Abstract

Aims Litter is the major input source of soil organic carbon and nutrients in natural ecosystems and considered
as a key link between above- and belowground carbon cycles. Changes in litter input amount have been proven to
exert significant impacts on plant productivity, community structure, and therefore ecosystem function. In Nei
Mongol semiarid grasslands, different grassland management practices such as grazing, clipping, and fencing
have caused dramatic changes in litter production and input. In addition, as a nitrogen-limited ecosystem, Nei
Mongol semiarid grasslands also experienced increasing nitrogen deposition. However, how do changes in litter
input and nitrogen addition impact the community productivity and composition of plant functional groups are
still unclear in the semiarid grasslands. In this study, our objectives are: 1) to investigate the effects of altered litter
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input and nitrogen addition on community productivity; 2) to study the changes in aboveground biomass of
different plant functional groups and their contribution to community productivity under different litter input and
N addition treatments.

Methods We established a manipulative experiment with altered litter input and nitrogen addition treatments in a
semiarid typical grassland in West Ujimqin Banner, Nei Mongol. A randomized block split-plot design was
applied with five blocks. Three litter input treatments, including litter removal (CO0), control (C1) and litter
addition (C2), were assigned randomly in each block. Each plot (6 m x 7 m) of litter input treatment was separated
into two subplots. One of the subplots was assigned as the N addition treatment (N1) and another subplot was
considered as the control treatment without N addition (NO). In N addition treatment, 15 g N'm2-a' N fertilizer
(as NH4NOs) was applied every year since 2013. Aboveground net primary productivity (ANPP) in community
and plant functional group levels of each treatment were determined during the peak season from 2013 to 2018.
Important findings Based on 6-year measurements, we found the following results. 1) Litter input increase and
nitrogen addition increased community ANPP. Compared with the control, litter removal treatment significantly
decreased ANPP by 8.4% and 7.6% in plots without and with N addition, respectively. Litter addition increased
ANPP by 10.7% and 6.3% in plots without and with N addition, respectively. 2) Different responses of plant
functional groups to altered litter input and N addition led to a change in plant functional group composition. The
biomass of perennial bunch grass (PB) and perennial rhizome grass (PR) increased significantly with the
increment of litter and nitrogen, which enhanced their dominant status in the community. 3) Improved soil water
condition by litter input and nutrient supply by N addition are the major pathways that enhanced ANPP and
changed the functional group composition. These results show that proper management, such as grazing exclusion
and reducing grazing intensity, can promote productivity by increasing inputs of litter in semiarid grasslands,
which leads to the maintenance of ecosystem stability. Suitable nutrients management, like nitrogen addition, is
also helpful for productivity improvement and the recovery of degraded grasslands.

Key words aboveground net primary productivity (ANPP); plant functional group; altered litter input; nitrogen
addition; semiarid grassland
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FVEY R A S ARG EE W EZ —, Ko R RERR SR LR F A E, JF
MRV EEIFRDRINN@RE, ERE TR BERYWEYER. mREEmA RSN EE

PEIF LR (Facelli & Pickett, 1991b; Sayer et al., 2011;
Wang et al., 2011). A &35 3 F0 R 77 2 ek
TEAE 0 25 5 36 PR VR 0 1A P A e B 1 3 ) N
(Xu et al., 2013a; Fang et al., 2018). 7Y%= & H
3 il 0 P 2 T B R A A AR S A P AR
SRR, IR A R GG MR T R
(Wardle et al., 2004; Zhang et al., 2018a). HTEjH %
PRI N B T IE R = e R R DA R 2
(Lamb, 2008; Ruprecht et al., 2010), FH:152 1 i
AR, RIS N B N Re s 46 R R g A2 = )
(Patrick et al., 2008; Deutsch et al., 2010b; Wang et al.,
2011; Kelemen et al., 2013), 11 % &EEYI & S 2508
T84 77 J1 )R B (Wikeem et al., 1989; Xu et al.,
2013b). A& N B A 3 EE I DL IS R
BEVE AR 1 B, BN L3R M EERE,
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PR AT M R RS & (Brearley et al., 2003;
Bansal et al., 2014; Wang et al., 2017a), {EXf H3EH
HURR J2E (R 52 0 38 5 AR 225 /) (Varga et al., 2008).

B, TR 2R A SO R AL IR R
M) - SR A D3 1 A T A R, AT S e ] v 4 3
i FNFE 43 BTG 2 (Yarwood et al., 2013; Kohmann
etal., 2019). 2 =, {E MRS ZNZ, B
MR VR Y E 2t i 320 . K S5 TR 1Y)
FFAC, S0 LA YIRS O B, WEvE )
Sz a I Y D Hh E E T) 20 ) B4 ' S A A ) P A
BRR S 4 R T 398 AR 0 AR E 1 IR B IR S (Facelli &
Pickett, 1991a), W] LId il 26 ok did e 45 5%
7K & (Deutsch et al., 2010b), Bt (B2 4 K
FEE V& 45 ¥ (Facelli & Pickett, 1991a, 1991b; Jensen
& Gutekunst, 2003),
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ARk, VeI NN A28 R G A D e
fsEm B 22 SRAEERE AR AR 77 0 RIBUAEI B 1
TR I RN 3B R e A E MR R AR AL F(Xu et al.,
2013a), XS T8 75 Pt N AR AR FHE v 254 B
OB LL A FR(E#H, 2011; F5407E, 2018). FVEIX
THF i 235 K] 1Y 5 00 ) 3= 308 3 R AN [RI R ) T RE A 1)
Fomi 22 F R S2H, WFacellifiPickett (1991b) & B4
ORI SIS AR A, B
X AR AR K R B 4 (Patrick et al., 2008), A
X R A A AE K B A, X EE SRR AA K
(Facelli & Pickett, 1991b; Foster & Gross, 1998; Ama-
tangelo et al., 2008; Letts et al., 2015). L4k, FHIEY)
(1) AR read I B R N R T b i
FETE A, 2o id b B Ak, R
R v P B e o PR A = RS &) ok ek
AR BEVE W PR 20 il (Foster & Gross, 1998; Amatang-
elo et al., 2008; Letts et al., 2015).

ERZHEIES RS, BREYEKKE
BRI K F-(Vitousek & Howarth, 1991; LeBauer &
Treseder, 2008; Xia & Wan, 2008; Lu et al., 2011;
Agren et al., 2012; Gao et al., 2019). KEM LKW
BN =Y RER A 7, BRI 2
P A0 2 2 [# 1K (Stevens et al., 2004; Suding et al.,
2005; Clark & Tilman, 2008; Isbell et al., 2013). HT
YRR BEEFR ORI EIRER, s
RIB & LE AR 5 i (Deng et al., 2018).  H 2 I
KARVE, AR iE R & B (Gruber &
Galloway, 2008). iX—J7 HIFEAK T V&Y H iR AL,
F—TTHGM T AR E IR IR, (R E S

PE, IR () 73 f# (Austin & Vivanco, 2006,

Yue €t al., 2016; Wang €t al., 2017b), M3& /&5
] 7% 43 IR ¢ (Manning et al., 2008; Zhang et al.,
2018a). B4, JEBEMIAEPIE SLFAEH XA
RGE I S5 K AR BRI S g ?  H AT
iR = A SEER A A

] AR ML T AR 2044 2hm?, 2 3 FE T AR Ak
) i R A 2 R, G b D e R ST o A R
(Bt JBANEREF, 2000; Piao et al., 2009; Fang et al.,
2010). HH T A& BRI &R A A S 532 4k, 42
90% HJ R SR W 1 A7 76 AN [F) 72 FE iR A (1 7K K AR,
2016). A 7 iGHEEJFIRA, B 52003 T 458

—RIVE I, B0 1 E RS EGRER A,
2013). ST SAEAE Gr B R A T T M B,
BFEEHOT DU R AL B SRR B AR B R, R AR
NG T R R 77 A 2 (Wu et al,
2009; Jing et al., 2013). {H 15 HF 7% K BLK I = B
18 BRI R O R AR 2 A2 7 T (Rice &
Parenti, 1978; Knapp & Seastedt, 1986).

T [F) I 2% F& RV 0 N AR AL S o B R A
BRGUE JIMHA B IEFe, K r R %8
PR SR B VNN, Sk Z V&4 RIS 5 00 290 B O
AN MBI B SLIGHT 7T, T PR 5 FATTR 2
DURET 5 AN A R 5 B 7 SN s A 7 ) VR
SERTT RS B ST, ARERAENS N
TR AR R ST T MR A RSN
PEHI SR &, 8IS 6 0 T I A 7 ) A A
HHESE I, BFFT 1 A AN 25 B LA A s
Xof e B SRV A ) AN T REREAL 2

1 #RlFE*E

11 WHREXER
AHIFLIXIRAL T P 5 7 TR X AR 2 8 B 7
BRASIOHE, 117.58° E, 44.37° N, #F#k1 148 m, JE Il
B AT T 5O R SR (PR S ATEREF, 2000).
FRAE 2 SR K IR R EAE (1955-20114F), AIX
AR ANLS C, K E333 mm, KiBoFE
IKGEIE87%) K AETEAKZE(5-9H). PR R FFrE
Besh R FL, K E R % M b 4 B eIk 21 508
118 mm.o A% X 3 1 RUAE s A i s T R R R, LA
LA KRB ZF R KRBT, AT
AL AR X 3 P iR R P 5 3 3R g A,
+, RZFIEO-10 cn) FHHLEE S E(142 £ 04) gkg
REE01.8+0.1) gkg ', pHN7.7+0.5 (EHHE, 2016;
Zhang et al., 2017).
1.2 JAEYMATHIRFTENELSHEEE
AHI T % X I LA R A T R AR N
WEFURE L, 3 ZE LB P A4S RS (Sipa gran-
dis). % (Leymus chinensis)fl %l £} (Anemarrhena
asphodeloides)% . i/ T4, H20114 &N FEHY
(100 m x 100 m)EAT FElE. FEE AT, ZFEH I EAE
NITELY), HFESHYATHE— IR, LR FE®RLT3
ANV P N\ AR A AR (B FE T VE P 22 R (CO) 5 HE
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(COFIVETE PN (C2)) RIS B I AL 38 (045 B
IIONDFIEZAINNO)), Fihe4~s25 a2 (CONO,
CON1. CINO. CINI. C2NOMIC2N1). FHLFEHLX
MAIX SR i, WES XS ER), 4
XAHBEE3IN/DNX, /DX KINH6 m x 7 m, 3R
YIALHEL(COL CIAIC2) N K B A 7E AN X 4
We BENMEEDGENX —5R =, PEEE
0.4 mi L& AIRE, 73 AT AT AL FL(NOFINT ).
HANIERINE 15 gm>a’, LINHNO; KK
REFEHIRG-T BTN TN X

SISV G @A T 20124, T ST T IRVE
VIRLEE . VRV BAE R R ) e A B (10 )
JE AT, BARAEE TR COK N Bk (F #
5 em) ¥ /NX N IR BT BR 62 th; C22 4% A — X 41
P 9 40 2% 3 /I8 DX (R 500 R G 508 Ak ) v
B USCEE IR V5 90350 S0 s B AR RL I /N X H SRR
RFE 520, C LN DX AR (1) 4 38R A2 9 5] B gk A7 00 3],
FHORBLE . A0 5 BRI H, BN/ ST
KANAS emfJe MR, CABTREREVGE . 1R
PG AR ZE R, FERIMEEY) &2
ANE T 22012201 75 P V5 A0 s I AR BRI X HH 8 P
PRI B2 101-433 gm™2, B 720124840, 5
TR TE Y A B b, B I AL BEARE 7
HRIS IR E P HE TN T 25.6%-66.7% (R 1).
1.3 #HmRESERNE
131 IFEIEFRNE

SEHG AT, LI b R B K B AN O UR SRR
GARAR T B AR R B I ( E B R R s AT

20132018 4F A K2, Wl E A /NX R Z
(0-10 cm) IR FEAHIEEKE, M2 E 1R
g8 I R RN 398 5 UK & 4y i) A8 FH LI-8100 - 58 I
W5 R G e 4 1 T3 3 i AR $R L (LI-COR, Lincoln,
USA)F§ # X TDR-3001-3% /K 73 % (Spectrum Tech-
nologies, Plainfield, USA)# 47l %€ .
w1 2013-20184FRTEA T I AL 3L b AFAE RTS8 I k(g rm )

Tablel Annual litter addition amount of litter addition treatment in 2013—
2018 (g'm?)

ML 2013 2014 2015 2016 2017 2018
Treatment

NO 433+£13 199+24 203+26 135+38 101+8 129+16
N1 433+£13 250+23 291+£50 225+47 158+10 190+ 17

TR N I E AR HE IR ZE(n = 5). NO, AR, N1, &R
AhEE,

Data in the table are mean + SE (n = 5). NO, nitrogen-free control; NI,
nitrogen addition.
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2015 2017/120184F8 H, TEREANALE/NX P
TG REE0-10 e L 3RE N, 132 mmff)E, B
10 g T#F, 150 mLAiF /KR 1 h, & B8RSR
PETRA VR R AF T R MR S B R e
(Jones & Willett, 2006). I n] 7 A HLEK(DOC) &
AR A HLE(DON) & = Af FHN/C 3100 TOC/
TN43H11% (Analytik Jena AG, Jena, Germany)if 1T
M€ o
1.3.2 HEWYIFERR M ERHIRE =S

2013-20184F, BRI, KM T EAER
MFNX AW E 102 m x 1.0 miUEES, idht
J5 N T WD FR, F BT EORE 5 R A )
X M TE AR AR AR R E A 65 C
HEF48 hiEFRm R, LA S AREY TR RN Y
SRR I AE 2 1 (ANPP).

133 INeERFXIST

N U HO I SRR 2 R AR A, A T 4% R
VIR A T RO AR R 23 NS A AN R DhRe E, GLdE
ZAEE W RFE(PB). ZFAEMZEKRE(PR). £4F
A J KRB (PF) HEAR G HEAR(SS) M — A
(AB)(Bai et al., 2004).

14 HIBERSHT

I AN K I ZE T P S A
A MNE R FRE T R RN . REEZNETT 25
HT(RANOVA) K 56 I8 75 P N AL A0 s I e A2
AR S B e R A (A IR L BRI AR
I Th BEHE AR W) S s 1) S e, A X R AR
P AERBENLEE T o SR 5 I8 I B DR 35 7 22 A RO XS
(Duncan) Ky 56 H 45 S 06 42b P9 6 A5 B B 1) 22 5 B 35
PE o BRANPP L A K22 [ K [B]AH 2 AR A — ik B3
TG A, BEVEANPPAI D BEBEAE ) 2 5 R 5 A
T2 18] B AH 5% 43 #1 R FH 2R PR VR A U8 12 Y (LMM),
N T R A B Ay 1 AR RS, ELMMUH G 43 A
IR AR VR N BEN LR F-ET i . FH 4500 7 AR A%
R4 (SEM) 73 BT 1 V& 40 iy N 732 A% R 8098 o 5% 1l ANPP
M RERE A R T RE 12, LI TR ILY
(DOM) % & HDOCHIDON % & 1) 55 — 3 /3 & ow
(fRREEIR0.88), T IXA B 3FEHE, ALl
YA P A8 AV A9 572015, 201741120183 34F .
RANOVA 7> HT 7ESPSS 24.07F #E4T, HoAth H 35 0 #r
J7ER 3.6.2 (stats, Ime4, piecewiseSEM)H SZ
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21 MBKESTIEMFETK

B 7 S50 A FEF U6 4 4E (20124F ) B /K B IA B
406.3 mm, AK I THRBEKER140%0L0 L, HAF
£3(2013-20184F ) ¥ #2x 5K T K B K &P 3 E,
FEE2016 120174, HAKZRFBF/K R 224 151
226.1 mm, AH4T ZEFIERITT%MT8%, 1K
N B (B,

2013201 84K T HIEE A L IESKER
P B AR BR AR (2) . SEI664F W] 135 F T )
EEE T, i H B /K EBE K 2R s 2
FZ(E2A. 20). ZETHEMGIHIERY, Lk

S0 EmEkE o« BPHSR 3)
Precipitation ~ Daily mean o

4063 air temperature 20 3

6 ‘ &
G =%
: 5
=l =
5 254.7 259.7 2705 &
& 224.1 226.1 §
] =)
£ =
) i
% [a]
w =
r

7

mean 2012 2013 2014 2015 2016 2017 2018 m

44} Year

BlL AW 3195520114 ) R SE 56 4F 43 (2012-20184F)
KZFEG-9 )oK E & H-FH<E-

Fig. 1 Changes in growing season precipitation and daily mean
air temperature during the studied period (2012-2018) and the
longterm mean growing season precipitation during 1955-2011.

F2 VAV NS (C)FV AR I ON) % b GO B 5 i () = A2 0 & 7
ZEHH(RANOVA) 4SS H

Table2 Effects of altered litter input (C) and nitrogen addition (N) on soil
microenvironment evaluated using repeated measures analysis of variance
(RANOVA)

=) St

dof Dl())(écc:nint DI())(;II\(I:;nint Ts SNC
X4 Block 4  0.86 0.39 4 15617 399
V&R C 2 0.76 0.77 2 14447 1049
RN N 1 2813 61.81"" 1 10527 0.12
4 Year (Y) 2 2014 1533 5 780.49™ 302.177
CxN 2 0.06 0.36 2 0.09 0.52
CxY 4 119 408" 10 1.89" 1112
NxY 2 841" 518" 5 220" 8.42™
CxNXxY 4 048 3.18" 10 032 427

#,p<0.1; %, p<0.05; ** p<0.01; *** p<0.001, DOC, +IEAHEEAH
Bk; DON, T3EnyaMEA LA SVC, T3Sk, Ts, LHERE.
#,p<0.1; *, p<0.05; **, p<0.01; *** p<0.001. DOC, soil soluble organic
carbon; DON, soil soluble organic nitrogen; SAVC, soil water content; Ts, soil
temperature.

A TER IR, Y N AR B 2 5 e g
TELRE, R0 H 3T P BE VR VA 0 1R 0 AR A1 1) 45
ROGXHHRFEL, C2NOFIC2N1 %51 F£13.3%413.8%)
(E12B). [FIIF, 7Y EBRIFAC T L35 57K & (CONO
FEAIK7.9%), TIEVEYIE IR & 1 1438 57K & (C2N1
$21519.3%)(E2D) o H H R I EA N2 2 B AIK 1 1438
T, X TS KE R A B3 ((E2B. 2D).

#E + 3 (0-10 cm) DOC F1DON & & L /£
2015+ 2017F020184EHEAT M 5, ¥R I H B B /4
FRAZ S:(2) P57 M0 N2 AL DOCHIDON Y #1
HEERW, MR INEER S 7 REIEDOCH
DON% & (E2E. 2F. 2G. 2H). %A KIHEE 5
NG0B AZ AR FAG L3580 58 2% A 1Y) ¥ 3
AR
22 EERMWMATURMERMTEE S SR
cadal:op-A10)

TEHEAT 250 AL BRI 647 ], B V& ANPPZE B HY B
SHEPRIEEN, B AR LE2016 81201 7TH AN T- 244,
ANPPZ 2 FEAI(E3) . X HEFEHI(CINO) T2 ANPP
N183.3 g'm %, AEPRALTE I N113.6-231.4 g'm 7,
B A 07 2 R W], 220134 (p < 0.1)A
20165 (p < 0.05)7 7% 1) 4b 3 X ANPPA {2 2 521,
HAR O TE D N AT B VR ANPPI A 153 5
M(p>0.1, E3A). HLZEE6EEE RINTT 2 HrR M,
PE T W0 NS A ANPPAS 55 i 25 52 R, R 8 B
E R IN, BEV%ANPPEE 2 $27(EI3B). 5
BN INAN G AL B b, S5 HEAR LG, Y £ B
Ab P T ELANPP 73 73l FEAIK 1 8.4%H17.6%; 11 I 74 40
IS INAL B AT ANPP 73 33l 32 151 1710.7%416.3%

TR A BANMENYIE A& 20 SR A R R W,
RIARINEEHE TANPP (E3A. 3B). fEJEVEY 2
B R ARV INALEE R, SN0 o B R
ANPPHE T T 54.4%- 53.1%H147.0%. {87405 N3
A5 A RIS DA R [A) VA B35 A AR, M
G TN AL BRFIAF A7y 2 [R] 1) AZ FLAE B 2.(3R3)

23 EEMWMAT UMM EEYT &R
th EEYERF N

AHIFFERE HORE A2 DL 2 A A AR B, 2 4R
MRZEARFEMZ A IR RGN E LR . DO R
HoApl, ZEAMNERT, ZHEARZREMLE
A F SRRy B DR T REVR L B AR R 1)32.1%.
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A C: sekk B N: *k
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10 | | | | | |
2013 2014 2015 2016 2017 2018
20 00 . oven
N: ns
18- 18 C xN: ns
16 16
;\? b a a
NG 14 al
EE) b b b
“ b 12
10} co 10
h-4
8 | | | | I |
2013 2014 2015 2016 2017 2018 NO N1
120 ~ 120
E F C:ns
- L N N: skoksk
umf‘w 100 100 C xN:ns
T 80l
g N ok
=25 6oL ns
£z
gﬁ? 5 40 :E;;;?\Iﬁ**
5l % :
A 20k
O | | |
2015 2017 2018
40 G 40 H C:ns
- N: *kx N #k*
W 30| sof CxNems B
< "0 N: *bk
& é N: #¥%
=g 20
T 8 %
% s z ==
Z 10L —==5—=
ES £z
0 | | |
2015 2017 2018 NO N1
£y Year AbF Treatment
—=0-- CON0 -+--CINO --o--C2NO EENC)O EEEC] EEC2
—— CON1 —— CIN1 —=— C2N1

E2 2013-2018FEAFFEE N BAFEA NI, F)Z(0-10 ecm) 3R (Ts) . 1355 /K B (SWC) AN 358 v] % 175 LRk
Z(DOCHIDON) & B IJAEFR (AL Cv Ev G)FIOFEFIIMEB Dy Fv H)CFEMEbRHERZ). B th TGN
(CYRVEERANN) X 2B 7 J 50 1R 22 5 B PR 73 A 4 R (ns, p> 0.1; #, p < 0.1; %, p< 0.05; **, p < 0.01; ***, p<0.001). HEAREF
{14 - B 7~ AN [ 18 V& 0 N AR AR G0 I Ak 251 1) - 48 4 14 22 A LU 4 SR, AN () /NS5 B 3R TR AN [ ) 8 i N 73 A Ak 38 T £
EARE P < 0.05), AFRAKEFEHURAF RN LR 192 57 5.3 (p < 0.05). CO, FED LR C1, FEDIXIE; C2, v
W IN; NO, JBEAIN; N1, ZAR 0.

Fig. 2 Inter-annual variations (A, C, E, G) and the 6-year average (B, D, F, H) of soil temperature (Ts), soil water content (S\VC),
dissolved organic carbon (DOC) and nitrogen (DON) content in surface soil layer (0—10 cm) in different litter input and nitrogen
addition treatments during 2013-2018 (mean + SE). Significance levels were presented to show the effects of altered litter input (C)
and nitrogen addition (N) treatments and their interaction (C % N) on these parameters (ns, p> 0. 1; #, p<0.1; *, p<0.05; **, p<
0.01; *** p < 0.001). The letters in the bar graph indicate the results of multiple comparisons among different litter input and
nitrogen addition treatments. Different lowercase letters indicate significant difference among three altered litter input treatments (p <
0.05), and uppercase letters indicate the significant difference between two nitrogen treatments (p < 0.05). CO, litter removal; C1,
control; C2, litter addition; NO, without nitrogen addition; N1, nitrogen addition.
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Fig. 3 Inter-annual variation (A) and the 6-year average (B) of aboveground net primary productivity (ANPP) in different litter input
and nitrogen addition treatments during 2013-2018. The data in the figure are mean + SE. Significance levels were presented to show
the effects of altered litter input (C) and nitrogen addition (N) treatments and their interaction (C X N) on ANPP (ns, p> 0.1; #, p <
0.1; *, p< 0.05; **, p<0.01; ***, p<0.001). Different uppercase letters in the bar graph indicate significant difference results of
multiple comparisons between two nitrogen treatments (p < 0.05). CO, litter removal; C1, control; C2, litter addition; NO, without
nitrogen addition; N1, nitrogen addition.

3 TN AAL(C) RN IIN) AT BEVE ML 3] 92 2E 7 77 (ANPP) B - iy BE R 40 08 AR 2B 4 B 1) 3 52 0 807 22 43 BT (RANOV A 45 21
Table 3 Effects of altered litter input (C) and nitrogen addition (N) on community above-ground net primary productivity (ANPP) and absolute and relative
biomass of each functional group evaluated using repeated measures analysis of variance (RANOVA)

df Hh BRI A=l A5 EW R Absolute biomass X EY AL Relative biomass

AN PB PR PF SS AB PB% PR% PF% SS% AB%
X 4Block 4 1.72 1.60 0.66 1.17 139 1.16 0.87 031 111 1.94 0.42
c 2 3.20" 0.77 3.30" 0.01 0.66 3.13" 0.18 1.65 0.36 0.70 3.70°
N 1 62.87"" 3122 7.60 1.45 0.17 4297 9.04” 0.24 12.50™ 2.81 37.54™
4EYear (Y) 5 57.28"" 1566 2204 1754 1.51 432" 487" 873" 641" 1.50 432"
CxN 2 0.02 0.02 0.02 0.08 133 2.65" 0.08 0.18 0.23 121 2.96"
CxY 10 0.59 131 636" 076 0.68 1.85" 278" 503" 0.86 0.44 1.78"
NxY 5 7.64™" 8.05"" 263 5277 246 3.917 859" 030 1038 272" 3.67"
CxNxY 10 0.84 0.95 1.63 122 0.65 1.81" 0.39 226 1.46 0.84 1.70*

#,p<0.1,* p<0.05, ** p<0.01, ** p<0.00l. AB, — _4EAEMHW; PB, LEALMNERE, PF, ZEAFRE, PR, TEAEWZERE;SS, #AS
FHEA

#, p<0.1, * p<0.05 ** p<0.01, ** p<0.001l. AB, perennial plants; PB, perennial bunchgrass; PF, perennial forbs; PR, perennial rhizome grass; SS,
shrubs, and semi-shrubs.

22.5%H141.3%; Mboh, IFEEFRERSBRERM—  BERAEMERAHEZWEE > 0.1, £3). ZHFEAER
TAREAERYIThEERE, 0 SRS AR H4.0%F  ZEREMM_EA YR RS IR R g,
0.1% (Kl4). SLIGHIE], BREARG AL, HALE EVB BRI LIS 2 AR 22 R A Y 7ENOFI
Dife et EAYEYRIH B ZENEIREED  NIZM N2 17 35.1%517.7%; 1 &9
(#3). Db B AE 2 AE AR ZE R B A ER S T

VA NZAL B2 50 T 2 AEMZEREAL 23.8% (N0)521.6% (N1). 7RI A INAL B3 Bl — —
— AR FAEY R < 0.1), X IHATY A AR R PR
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Fig. 4 Inter-annual variations (A, C, E, G, |) and 6-year average (B, D, F, H, J) of aboveground net primary productivity (ANPP) of
five functional groups in different litter input and nitrogen addition treatments during 2013-2018. The data in the figure are mean +
SE. Significance levels were presented to show the effects of altered litter input (C) and nitrogen addition (N) treatments and their
interaction (C x N) on ANPP of each functional group (ns, p> 0.1; #, p < 0.1; *, p < 0.05; **, p < 0.01; *** p < 0.001). CO, litter
removal; C1, control; C2, litter addition; NO, without nitrogen addition; N1, nitrogen addition. Different uppercase letters in the bar
graph indicate significant difference of multiple comparisons between two nitrogen addition treatments. AB, annual and biannual
plants; PB, perennial bunch grasses; PF, perennial forbs; PR, perennial rhizome grasses; SS, shrubs and semi-shrubs.
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Fig. 5 Variations in the relative biomass of the five
functional groups in different litter input and nitrogen addition
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indicated significant difference between different nitrogen
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Fig. 6 Correlation analysis of aboveground net primary productivity (ANPP), soil temperature (Ts), soil water content (SAVC) and its
variation (CVanc) with litter biomass added in the previous year under each nitrogen treatment. The correlation coefficient (R?) and
significance levels are presented in the figure (*, p < 0.05; **, p < 0.01; *** p < 0.001). NO, nitrogen-free control; N1, nitrogen

addition.
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Fig. 7 Correlation analysis between aboveground net primary productivity (ANPP) and precipitation (A), soil temperature (Ts)(B),
soil water content (SVC)(C), and seasonal variation of soil water content (CVgyc)(D) during the growing season. The correlation
coefficient (R?) and the significance levels are presented in the figure (ns, p > 0.05; *, p < 0.05; **, p < 0.01; *** p < 0.001). CO,
litter removal; C1, control; C2, litter addition; NO, without nitrogen addition; N1, nitrogen addition.
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Fig. 8 Structural equation model (SEM) on how litter manipulation and nitrogen addition affect the community functional group
composition and aboveground net primary productivity (ANPP) through soil environment. CVgyc, variance of soil water content;
DOM, soil dissolved organic matter (the first principal component of DOC and DON, which explained 0.88 of them); PB, perennial

bunch grasses; PF, perennial forbs; PR, perennial rhizome grasses
Information Criterion; BIC, Bayesian Information Criterion; Fisher’s

i ANPP (Booth et al., 2005; Deutsch et al., 2010a)s.
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5K DL B S KR R R, Ko BRI
FEVE A= 0 F PRI R 1, s s i PR
T, P K AR, R R 3K S w R R A,
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frI7K 43 B A FF(Li et al., 2011; Zhao et al., 2019).
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