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Effects of Nitrogen Addition on Interspecific Association and Niche of
Plants in Typical Steppe of Horqin

FAN Xu-bin, YAN Bao-long", ZHANG Shu-han, GAO Ming-yue
(College of Prataculture/Mountain Grassland Ecosystem Positioning Research Station, Inner Mongolia Minzu University, Tongliao,

Inner Mongolia 028000, China)

Abstract: To explore the effects of nitrogen (N) deposition on interspecific associations and niches of grassland
plants, this study was conducted in the Horqin typical steppe. Nine treatments were set up, including the addi-
tion of inorganic N (I) and organic N (O) at three rates (0, 4, and 8 g-m *+a”") and their combinations (1,0,
LOy, 10, 1,0,, 1,05, LO,, LO,, 1,0Og, and [;Og). The results showed that the plant community exhibited a
random distribution under the treatments without inorganic N addition, a positive association under the 1,0,
treatment and a negative association under the IO, treatment. Niche responses were species-specific: the niche
breadth of Bassia prostrata in the 1,0, treatment was 58. 3% higher than that in the IO treatment (P<Z0. 05) ;
Agropyron cristatum maintained a relatively high and stable niche breadth (0. 32~0. 36) across all treatments,
and the proportion of high niche overlap of this species reached 87% under the IOy treatment. The ecological
response rate (R=2.65-2.97) and niche overlap index (AO,=0.120~0. 138) of A. cristatum were relatively
stable; the R value of Artemisia scoparia surged to 140. 50 under the [;0, treatment; the R value of Lespedeza
davurica remained negative ( —1.62 to —0.66) with AO,<C0. In conclusion, N addition enhances the nega-
tive interspecific associations of the community and niche differentiation, leading to variations in resource use
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efficiency among species.

Key words: Nitrogen addition; Interspecific association ; Niche ; Temperate steppe

M A S R G A )RR T AR B S AR AR T
JE 2 A IAF Y P AE R AR B A T BARAE e
55 PR HE Ak, DT 2 30 HE — i A SR B o i) 56
o B 5T BB G I, A B TR T A R M AT A )
(] B R AR A N 249 06 R B T i 4 A RN R g A
ARAR LRI IR 3 Sk R ) AR VR A IR 2 M RAE )
T et [ B 285 06 0. 15 A R R 4 B 000 A 4 B 9 11
s MR JE 2 ) 2 AR 49 b 22 18] A A AR G
R, TG (] T G BK 26 7 0 — 5 5lE WU 2 A R
Tt X 71 G 16 AT g 2R WO R T — 5 B R #R AN
FST S RE W A 2 A S A R TEVE Th 45 ) i T RE R
FH Y 5505 A0 e H 5 2 W) Fh 22 TR 9 AH DG OE & L BL K
TP BEAETEIE b i s 7 AT REAE Y . AR R R
AW dstr EE A ESAMEEMAESNES
U ) DG B B A A 6 6 1 T Al A Bl R VR N
() 1l 57 A8 3T R VR 25 R AR E Tk L A SR A LR DL R
J) SRR 1) Ay T LA OGBS

VAR, 22 AR k1R N 280 B 1 3 [ 52
SR KA DU i 3 5~20 1% , Biih A it 20 5K
RAH TR o gk 238 n 2~3 45, o A Ui
S8 W) L Bl R DA BRI 2 Al R A R ) AR
fErl g2 E S AR S R G RENE . A
FORRR R ERREI R 2 R EF AR A
FEXF R A A S, W B R AR A S ek
TR ER, AN A RSB EE N E SRS
B Pl T B RE A TR 25 A T B TR Bh A SR ARAE .
R A N S T R R IR B R R R T
PR R A A 2R SR A
DU IR 4t 28 B0 JEL 0 0 90 S s, 24 00 o 4k 1K
JKAFE (0 ~ 50 kg-hm ) I, % 4 4 F 22 FE 4 Bl A
TR 3G T b S A N R X — A S
Wi R0 N 1 A4 2 1 T, b ) o 22 R D) 2
TREE S AL, AU RE G 2 B R 3R
£ RATE RIS BB YRR G I, 2T
Az 01 AR R S B A 2 B Y R L SR, B
AR 2 R T YR 2 HE 0 i 200 R i Rl
L7/ N 10 (RN AY /G e S VA 1| e o -1 1 I
o R A T VR R AR S R A Y W R B U 4
A — 2 BRI A 23 DN R S T A S e A 1)
R UR 2B W LS A, HE IS EOR ] SE B R A ARk
A6 2B 58 e B, K 00U I i 3 RIS T IR A R

JEUH) R 22 R, R 7 T S A B B IR 1AL
BEECAE THIYI B A ] SE o R, TR — LA By
S TR BT I IR A F T B IE K . S3 4L,
ST AN AN T8 Ao 8 o I S 4 5C 2R S T AL ) 22 R
P, i AT BEE I R A0 R 1 R A T — 2D
5555 AL 90 1) A 25 N BB . 3k B hy i BT R DL
RN OCSRR A B IR ST M AR A T B LA

BIRI0 i Ak B [ A L P 3 X, 7 T3 el
5 R 18R PN 5 o e TR L J i
ORIt 1 2 XU, B A B 2 A R i X A R
Py 7 SRR AN TR R A SRS IR TR Ao ] S 2B A
A AL A AL R] BEAT AR AR LA L (FL L ATAR SCBIE 9T B
Zo BT, AR SRR A Sy 5 A SIS,
FLEEH LUF B2 0] B2 COAS [ B 285 055 04 A8 ) b
[ X 16 1) 52 W) s 1 AT 22 S PR 7 (2O W) b A S X
LTS TN ) 107 A8 AR AT A 7 DA IR AR R e AR
A R R AN AR A 7 S figp ke bR DA R L L X TR)
R3¢ B A R 25 00 S I J38 S 56, 03] A A
W v e LIS R [5G AR s AR S 23 A 2 4K
AT RIEAN RIE 5 RN I A Ao ] SR
PEMY2E 5 o X T IRATC2) , B TR A AU A b 1
7R E7/E E 1 B WA A SRS IVAG = S G
Py o A 25 808 S 8w AR AR o X TR (3D, d
o UL N AL R R K A ) B A R R A B 2R
(AR EES Ve Bitha p Na S PV S 0 He - 07 [
HEL) ol R A 25 0 7 38 3R 1) 2 A LA

1 ##5FE

1.1 HAREREHR

WF5E XA N 52l A I DX 10 T LSRR S H

5 K P R B A (447627 24"N, 120°45' 14"E,
482 m, [ 1), iz @ il o T R R A BT
BEZWN HBERMW BERR, BRIRZER LT
FERB K FEEHAE 5. 5°C, F FUE 2400~2600°C,
AR H BRI 23000 h, AEJEFE I 115~130 d, AFRE K
i 300~400 mm, FEM P TEAEI 6—8 H L 4E 2%
J& 1800 mm Pk b AR 4900, FHB IS JE F
TP S 7R R R SR Sy vb i+ pHAE R 7. 6.
FE YT T% 10 A N VKL CAgropyron cristatum) AR
PPk G BUSAAR T (Lespedeza davurica) KB T 5



%3

R ZE M 45 < SRCASIOUE B JR 0 LR i SR ) o i) IR B A 25 457 B B2 ) 975

(Cleistogenes squarrosa) . ~F ¥ & (Carex durius-

cula)%: .

1.2 #HiigE

20214 7 7 RIS IXHE B T — HOT L AR B AR
P57 B AR e M X AR Sy il g B b, R T B AL IXC 2 1%
i, I EHLAS AL 5Ca(NO,, NH,NO, 10H,0, & &
=150, HIFR JAA LS A CHNO, A& it =

46 %, 1 O o), B FIE 28 A R A nsf) it CLLai AT
BB N0 g m *atdgm Pa M8 g m Tal,
IFARAZIES SR EAE, OR300
H 1,00, 1,0y, IOy, 1,04, 1,04, L,O,, 1,0,, LOg 1 1,04
(KD, BN E 4R ESE, /N HE A 16 m?
UmX4dm),/NXZEEE2mBEMWX, 6
R, e BB E 1Y 203 R, 0 1 TR B 55 IR 3R )
) B3 ST U AR AR R /N XN RRAR AR 1R .

R1 AEAERSERRME
Table 1 Addition of Nitrogen in different forms

pusil THLER AHLER puszil THLER AHIEA
Treatment Inorganic nitrogen/g Organic nitrogen/g Treatment Inorganic nitrogen/g Organic nitrogen/g
1,0, 0 0 1,O, 4 4
L,O, 4 0 1O, 4 8
1,0, 0 8 1,04 8 4
1,0, 4 0 1,04 8 8
1,04 8 0
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Table 2 Importance values of plants under different nitrogen treatments T %%
Pl Species P T 4K Latin name 1,0, 1,O, 1O, 1,0, 1,0 LO, O, L,O IO
VKF (Ac) Agropyron cristatum 29.57 32.24 34.27 31.58 36.42 32.22 37.70 38.75 36.13
SFREE (Cd) Carex duriuscula 23.48 18.89 19.40 21.42 17.42 18.54 15.61 18.15 19.61
B (As) Artemisia scoparia 12.90 19.64 16.18 19.55 12.69 14.75 15.60 12.98 13.29
ik BT (Ld) Lespedeza davurica 8.06 5.96 5.00 4.74 5.12 5.45 5.53 7.91 5.29
A bk (Bp) Bassia prostrata 5.44 5.35 6.28 5.79 3.18 7.94 7.55 1.39 6.56

TE A AR AT TRR TSR, O RRAIER, 0,4 H 843 F R ARB MMt (gom *oa D) YR IR R T A4S .
AcHIKE Cd N HH As HEBH Ld KD BT Bp AARMEK. TIF

Note: Under different nitrogen addition treatments, I represents inorganic nitrogen, O represents organic nitrogen, 0,4 and 8 represent the

dose of nitrogen addition (g-m *

Zea~!) ;the species list is their Latin abbreviations : Ac is Agropyron cristatum, Cd is Carex duriuscula, As is

Artemisia scoparia, Ld is Lespedeza davurica, Bp is Bassia prostrata. The same as below
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Table 3 Effects of different nitrogen treatments on interspecific associations in plant communities

b ¥ N S AR S LA Gt (W) K77 i S . TETE A G
Treatment Variation ratio  Statistics (W)  Chi-square critical value[yg s (N — 1)<< x*<< 505 (N — 1)]  Community correlation
1,0, 4 5 1 3 (0.35,7.82) FEAL 7> A1
Random distribution
L,O, 4 5 1.2 3.6 (0.35,7.82) 1EAH
Positive association
O, 4 5 0.8 2.4 (0.35,7.82) UikiPS
Negative association
1,0, 5 5 1 4 (0.55,9.49) Bl AL 5> A1
Random distribution
1,04 5 5 1 4 (0.55,9.49) Fifi #1153 A7
Random distribution
1,O, 5 5 1.1 4.4 (0.55,9.49) 1SS
Positive association
O, 5 5 0.9 3,6 (0.55,9.49) UIP QS
Negative association
1,0, 5 5 1.3 5.2 (0.55,9.49) 1E R HR
Positive association
IOy 5 5 0.7 2.8 (0.55,9.49) UIP QS

Negative association

W NALS 3 5 R — E S Ak B R R S ECR P A . VR ZE W RN R EE A8 50 5 VR=1, P[] LA TE I FLBE AL /3 A6 s VR>1, 0
ol P AR L A G IBE s VR<TL, Fh ] SR 2 7 561, W=VRX (N—1) H WIRM x> 23 Fi (df=N—1) . & W<yl o (N — 1)BFH W>yF (N —

1), DUl ) AR ST B3 (P<<0. 05) 3 X2, 35 26 05 (N — 1W<y o5 (N

— 1), Dl a] B A GBS | 3 (P>>0. 05)

Note: N and S represent the total number of quadrats and species under the same nitrogen addition treatment, respectively. VR is the associa-

tion index between species: if VR=1, there is no association and random distribution between species; VR>>1, there was a positive correlation

between species. VR<_1, and there was a negative correlation between species. W=VRX (N—1) and W obeys y* distribution (df=N—1). If

W<yl s (N—1)or W>yZ (N —
<xios(N—
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&

1), the overall correlation between species was significant (P<Z0.05). On the contrary, if x5 ¢s (N — 1)<<W

1), the overall correlation between species was not significant (P>>0. 05)
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Fig. 2 Niche width of plant species under different nitrogen treatments
T AFIRIKR B R T R 5 CRR B DRI S Wl T ER R ARk . i OB AR A ] /NG 7 B 7R 22 57 1 3% (P<20. 05)

Note: A represents Agropyron cristatum; B represents Carex duriuscula; C represents Artemisia scoparia; D represents Lespedeza davurica; E

represents Bassia prostrata. Value columns with different lowercase letters mean significant difference (P<<0.05)
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Fig. 3 Niche overlap values of major plant species under different nitrogen treatments
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Table 4 R value and AO,, of ecological response rate of plant species
LMD
Ecolo];jl rjg ‘%ﬂ’ 1,0, 1O, 1,0, 1,0, 1,04 LO, 1,0, 1O, 1,04
parameters \SPCCICS
RE Ac 2.97 2.83 2.76 2.68 2.65 2.82 2.68 2.68 2.65
cd 3.51 5.38 3.66 3.23 4.04 3.75 5.20 3.30 3.71
As —3.25 4.26 140.50 143.00 —2.42 —55.40 4.78 co co
Ld —1.45 —1.04 —0.78 —0.73 —0.66 —0.79 —0.68 —1.62 —0.93
Bp —0.82 —0.75 —1.09 —0.96 —0.05 —1.41 —1.33 0 —0.76
AOy, Ac 0.120 0.126 0.130 0.136 0.138 0.127 0.135 0.136 0.138
Cd 0.096 0.056 0.086 0.102 0.075 0.084 0.054 0.099 0.084
As —0.079 0.074 0.002 0.002 —0.097 —0.005 0.060 0 0
Ld —0.137 —0.160 —0.186 —0.188 —0.200 —0.185 —0.192 —0.123 —0.167
Bp —0.185 —0.186 —0.158 —0.166 —0.316 —0.138 —0.138 —0.364 —0.183

T+ R AR W B R B8 DA 0 RAE IE (L, ELE s T e 2 ol 990 5 R (AT T B8 ORI AR A% . RAE =0, 3% W14 i 06 ¢ U 5 4 g
1 RAEEIE Too, BEEARBULT 0,8 T AFE MBITIRES . A0 P8 TR T4 71 (BES/ IR ) o 2 AO,=>0 KRR PRl i ER 5 %
R T LR Al 5 AO,~0 7 B0 )8 T PESI R AO, 0= Yy A e 9l FL A Rl 42 5 B8 IR T 8 iR YW A

Note: The R value reflects the efficiency of species using resources. The R value is positive, and the high value belongs to the efficient

encroachment of resources. The low R value is an inefficient use of resources. R value=0, indicating that the species has no resource competitive-

ness; the R value approaches, and the resource acquisition is almost 0, which is an extremely unstable endangered state. AO,, determines the direc-

tion of species competition (attack/decline). When A0, >0, it indicates that species 7 actively invades resources and belongs to aggressive spe-

cies; AO,~0 indicates that the resource balance belongs to the neutral species; AO,,< 0 indicates that species 7 is encroached by other species and

belongs to declining species

ST T ARTE BB B R SR OE R Y 7R LO G i TE
HLAEZO T, YR 2 1E M E5C &, T BE 2 i Tl
BAEG T RIER S 2 T YRS S 7 LO,
R LS EO A H R, b ) R FAAR S &, 1T
FE A2 o AR T B R S A, 5 B0 43 4 g HE B B
M, 7 LO MG R A LA ED R, VRIE N 1,4
Toft 1) 43 A5 56 22 32 Fof ) AR 5 A FH 00 5% i 4 /0, T RE
HFA VLA E L A YT bl A 6
BEAR 0 RE W PT ERE R ) T AL RO 2K, HR
RN, 7E I N O o A - HE R AL RN A
Y 5 K R FELOCE R B ANLEED T,
VRAAA N 1, 156 B 45 w8 70 o A5 AL 00 A ] 56 &= 1
MR R . 78 LO,UIERIHIR A& EO T, VRIE
S 11, Wyl & OEAE O, W] R R T HLAA A A LA
RO FAE  BEZE fife T B IR BR ), ek T B
FOEMEY, FELO(EFAEIRASEO T, VREN
L. 3, Wy ia] E AR G HE— B 15k . XA RE R A B A
e ) TR 4 T M R A A R IR OR L T
P HE 4 Fh JLAES SR, 3 B OE A O BT RE 4 B A
A DRI AR R ARG . IEANTE ORI T,
VRAA N 0. 7, 9)Fha] 2 FH

3.2 BN ESMBENE N
ASTR) TS AL BR KO A A BE B R E HL

B (0. 32~0. 36) , 1t BH vk F AL AR TR AR & R i RUA
W AL SR Wk A4 45 S A O 44 ok R g A Ak B LR
PRI %, e R A TS A MAIE A, H
R R A8 AU AT AR B 398 AR 0 40 A 1% 0 3 24 I Cln
PEAR AR 19 A2 < T5 1] 5 43 SC8CE: ), DA 3 I AR & A
- 38 i A R B R R U A W T B RE T .
(] B, pACRE AT L3 gk o A T AR 3 AR R 2% B i X
b AR AR R, DT TR RURE B2 AR AR 4E R
TRETEME 30%~50% S SERE . WA BT
T TE LOGAN BT 2 B 5 w8 1) 2 285 7 9 18 R 9% U5 )
FHZCE Ul B 6 45 500 JE AL A B AT R 1
NEAE ST E LOJE TR R A & ik 140. 500 4) , /R
FEAE W oy 38 T SR I i ) e 2R AR AR R M I
%5 Agrawal 5% £ H 19 5 B AE 1 9% IR A% ML SR g
BRI o M B AT e G PR E R R R AR
T 5 A A R RN BB A AR DAV X R R B Ok 1
AN E M . R BUEA R T RUR b TR X E AL A A
I AR ST HE 2 AE 1O, F AR AL G B RAE % T
R 2 Ry i, AT B 5 G v AR B T ML AS ) U
Ao A IR A S E B AR BT A S A S
A1 3 R B AE AT 5T v 1,06 b BE R 7 13 5 S b 4
mi ik 67%, 1 LO 4 BER & B & R R 2
47% o TE LO 4 Az 25 07 5 Ji 3 2 4T 5005 b d5e e >
87 %, AT Be & M T i AU A AT R A BT R 45



%3

R ZE M 45 < GRCAS IO  Z e LR i JUAR ) o i) G IR B A 25057 B4 2 ) 981

Yol b o s 1) B LR B PR A R SR, 2 T T
EANES. EIRG SR, A KR
e R I I, AR A5 6 9 B R R LA 1,0, 4b BT 3K
1) 5 g (L, U A M JEK T Rl i kAR AR AR A5
0 R %5 52 08 AR B I R A O 3 I AN RE S R
BB I AT T AR R R, LA B A 3 N TR A A
Fig

SR 4 78 A 3 B i A W) 8] R S A OC &R
EERGEMREMN, . EIRAKMAET TEENEY
FLBA A R B v 1 A 25 B A AR E B 5T
J7 ], 3 5 kAR SE R Y — B, PR, s
HE 400 ol o] R % ) ek A6 0 38 2 LR 1) Ho#
o A AR AR i k- A R R R Y 0, S X
A AL TERE ARG N o 1k 5 BB RGP E A T AURE
T3 AR AR AR A S B B 2 I B . AR R AR AT
T H T T IR M R 3R B A A B IROR T ACR A
A AL B8, U6 Hp S 0N T RE R 4R X LE A )
AR AR . SR, AE R R AR AE R, KRS AR
M PR 2 BA H B 6 9 B 4 g, AR AR B BE M R (HL
G HC At AR 1 B A ) 0 A2 B . X B
G HE - BOML Y 1) 5 4 R, 8 10 52 0 2R 25 &R SR Y
TREMEMZHEENE. HEGA R 8 g-m *-a "IN
O b Bl | A 25 37 T B {38 B I {F (87 040, B W] ]
RE A7 70 70 B R (B AN . IZ RS AU A B e A
FEHOT BN S R AT R R R S B
i 3 PR T A SR W A o s ) BT IR B e A A A
B B HEEIECT T A B RGO 71 (3R
4) , Pl W HAE g R 3 28 0 oo LA O O g R B B
ATRE N R UL 5T B YR

4 Zig

THL AR T B BRI T, K =
(4 g-m “ra ") 2% il A PR A2 o E SCER, & R
(8 g-m “+a DIMEITE 4 S BN OCH ; URHEY GA
B A7) 5 R ORI 19 4 75 07 96 B, XA
7 i  UR IR A S A (A LA R A ISR
BRI 4 g - m? - a D@ P R RO, 4 R A P
V) 1 5 3K 5 e A1 A 285 7 7 B 5 2 R ol DK O R A
B ETHARMA T, oT 8 m A & 5 IR A
FRCRAE G 03 287 b, oML A 000 i ol 22 B R
T iR S W) B I SR G IBE AN (R AE W X S i
A A A N 22 S YR T B B R A N SR oK

Y 8 T R SR A Y B IR LR R A
AR PR ROV 5 BB 2 HAME ARG

2% Uk

(1] BRMRIER . AR 48 5 26N Jd 78 B 2 5 15 55 Js I 9 b i) ¢ 5 o
FEID]. AR : 95T Ak R, 20092 1
XILIN TATNA. Inter-specific Relations of Stipa brevifora
Desert SteppeCommunity at Different Stocking Rates [D].
Hohhot: Inner Mongolia Agricultural University,2009: 1

[2] Az, TRLSC, GERIT . FE A FE ORI T iy € 55 fa) AL ) A v b
BISCIRBETELT]. Rk 241, 2017, 26(3) : 44-52
KONG Y Y,YU Y W,HOU F J. Interspecific associations in
plant communities under yak dung depositions in an alpine
meadow[J]. Acta Prataculturae Sinica,2017,26(3) :44-52

(3] XU FRUnTT , F. 55 45 . SR2EPE =2 %0 DU I 45 WLl M LA A 4 A ]
ik MARE PR RLT]. 2741, 2017,37(15):5031-5038
LIU H, DU R W, WANG Y, et al. Effects of Eupatorium
adenophorum on interspecific association and the stability of com-
panion species in Liangshan Prefecture of Sichuan Province [J].
Acta Ecologica Sinica, 2017,37(15):5031-5038

(4] @RE,R3CE BT, 5 WE R A 2 B T2 A

FERR IR SE P S [T]. VUl B2, 2013,42(3) :86-94

JINTY,QIN W G, TAN W N, et al. Interspecific association

among dominant populations in endangered plant kmeria septen-

trionalis communities [J]. Journal of West China Forestry Sci-

ence,2013,42(3):86-94

XTI LL, 22 55, HOok, A5 VL R Al A VS AR

IR AE S AOC BT [T ] AR A5 241E, 2018, 38(19) : 6881-6893

LIU R H, JIANG Y, CHANG B, et al. Interspecific associa-

—
(o2
i

tions and correlations among the main woody plants in a Ptero-
carya stenoptera community in a riparian zone of Lijiang River,
Guilin, Southwest China[J]. Acta Ecologica Sinica, 2018, 38
(19):6881-6893

[6] skad. R ML Jbat B2 it 2004:89-95
ZHANG J T. Quantitative Ecology [M]. Beijing: Science
Press, 2004:89-95

(7] v, Sog s Modbmm | 45 . D0 A 0 il ) A O 90 PRI 350 A A Ao
FIAHCPELT]. Bl BES2, 2021, 57C10) 1 1-14
GAO W,HUANG Y R, LIN J L, et al. Interspecific correla-
tions among dominant populations of natural forest of endan-
gered species Betula fujianensis [J]. Scientia Silvae Sinicae,
2021,57(10):1-14

(8] X WM, B i 30, 507, 45 1L R ke B ORI v Hb A 0
FEAN R SCHR A [T]. AR 352241, 2021, 41(9) - 3724-3733
ZHAO L Y,ZHONG H S,QI K, et al. Effects of enclosure and
grazing on interspecific association of plant communities in
Horqin Sandy Land, Inner Mongolia [J].
Sinica,2021,41(9):3724-3733

[9] GRINNELL J. The niche-relationships of the California
thrasher[J]. The Auk,1917,34(4):427-433

[10] J22% . MPARM A 2F M. dUat: @S 80F A, 1992:

Acta Ecologica



Y St 2,

982 A U A it 34 %
102-108 water addition on plant species diversity and biomass of
ZHOU J L. Plant Population Ecology [M]. Beijing: Higher common species in the Stipa baicalensis Steppe, Inner Mongo-

[11]

[12]

[16]

[18]

[19]

[20]

Education Press, 1992:102-108

AEMEOF BRI A e I B R A AR R XN T
AR S ORFAELT ] AR 2527283, 2014, 33(11):2905-2912
LIY F,TIE J,ZHANG G P, et al. Niche characteristics of an
artificial Pinus tabuliformis forest in Manghe National Nature
Reserve of Shanxi[J]. Chinese Journal of Ecology, 2014, 33
(11):2905-2912

AT NFRIE G TR S X E A BEVE LS RE[D ]
KM < g A ll K5, 2017 :10-11

GUO L. Niche characteristics of bryophyte community in Xiao-
qinling and Baotianman [D].
University,2017:10-11

AR M RN L AL BE Y K T B AR AR A A A& B
RYREHILT]. demimoll Kok 244, 2007, 29(S2) :294-298

LI X M, CHENG X Q. Development of niche theory and its

Zhengzhou: Henan Agricultural

application in each fields of ecology[J]. Journal of Beijing For-
estry University, 2007,29(S2) :294-298

SR AR IR A A T X IR ) R SR O
RSSO AE A LT]. Bl 27 4), 2020, 29(1 1)1 11-22
NIEY Y,XU L J,XIN X P,et al. Effects of fence enclosure on
the plant community composition and niche characteristics in a
temperate meadow steppe[J]. Acta Prataculturae Sinica, 2020,
29(11):11-22

SONG L, KUANG F H, SKIBA U, et al. Bulk deposition of
organic and inorganic nitrogen in southwest China from 2008 to
2013[J]. Environmental Pollution,2017,227:157-166

MA F F,ZHANG F Y,QUAN Q, et al. Common species sta-
bility and species asynchrony rather than richness determine eco-
system stability under nitrogen enrichment [J].
2021,24(3):686-698

YUAN Z Y, LI L H, HAN X G, et al. Nitrogen resorption

Ecosystems,

from senescing leaves in 28 plant species in a semi-arid region
of northern ChinalJ].
(1):191-202

EVRE, D), B0RE . Bl AR 25 R G TR B v 22 25280 [T
M 4529, 2007, 31(2) : 205-218

LU C Q, TIAN H Q, HUANG Y. Ecological effects of

Journal of Arid Environments, 2005, 63

increased nitrogen deposition in terrestrial ecosystems[J]. Jour-
nal of Plant Ecology,2007,31(2):205-218

FhAB, 8, A L FR 0 WS IR K R A X T 15 A DA
Wy RE & W B 22 R A A e A SE R (D] B M 4, 2020, 28
(4):1100-1110

DU Z Y, AN H, WANG B, et al. Effects of nutrient addition
and precipitation manipulation on plant species diversity and bio-
mass of in a desert grassland[J]. Acta Agrestia Sinica, 2020, 28
(4):1100-1110

B XL BT A AR AR R NI DU R g
R ) 2 M SR R[], AR AR SR, 2015, 35
(19):6460-6469

LI W IJ,LIU HM,ZHAO J N, et al. Effects of nitrogen and

[21]

[24

[

[26]

[27

[}

[29]

[30]

[31]

[32]

lia, China[ J]. Acta Ecologica Sinica, 2015,35(19) : 6460-6469
SHANG ZH,CAOJJ,GUO R Y,etal. Effect of enclosure on soil
carbon, nitrogen and phosphorus of alpine desert rangeland [J].
Land Degradation & Development,2017,28(4):1166-1177

NIU K C, CHOLER P, DE BELLO F, et al. Fertilization
decreases species diversity but increases functional diversity: a
three-year experiment in a Tibetan alpine meadow[J]. Agricul-
ture, Ecosystems &. Environment, 2014,182:106-112
BROOKER R W. Plant-plant interactions and environmental
change[ J]. New Phytologist,2006,171(2) :271-284

A5, R B AR L A5 Bl A 2 R e A DT 1 A A 00 - B
Uit B[], MY E A4, 2020, 44(5) : 475-493

FU W,WU H,ZHAO A H,et al. Ecological impacts of nitro-
gen deposition on terrestrial ecosystems: research progresses
and prospects[J]. Chinese Journal of Plant Ecology, 2020, 44
(5):475-493

NAMUHAN,WANG J,YANG G J,et al. Mechanisms of bio-
diversity loss under nitrogen enrichment: unveiling a shift from
light competition to cation toxicity[J]. New Phytologist, 2024,
243(5):1966-1979

ZEL, mdl, AN, &5 BHRID U H AL P A A 3 B 4 A X B
25k 5 Br 7). LR, 2018,35(2) :311-322

JIANG H,GAO K,ZHOU L Y,et al. Analysis of structures of
ecological and areal types of plant species in Horgin sandy land
of ChinalJ]. Pratacultural Science,2018,35(2):311-322
USR8 B BRIER, 45 3 R SR JEUAS () B AL R M
R ol AR S SLRRAE [T]. WR VLA RO A% 24 31, 2019, 36(2)
289-297

LIU X M,LUO J F,CHEN D C, et al. Floristic assembly and
dominant population niches in degraded grasslands on the Zoigé
Plateau [ J]. Journal of Zhejiang A & F University, 2019, 36
(2):289-297

SCHLUTER D. A variance test for detecting species associa-
tions, with some example applications [J]. Ecology, 1984, 65
(3):998-1005

LEVINS R. Evolution in changing environments: some theo-
retical explorations [M]. Princeton, N. J. : Princeton Univer-
sity Press,1968:116

PIANKA E R. The structure of lizard communities [J].
Annual Review of Ecology and Systematics, 1973,4(1973) :
53-74

FOHOH R IR SR AR, S T LI AR R R R LT B
HUOL S M A A s B G IR 7 I SC R [T]. A28 541, 2022,
42(9):3494-3503

WANG ZZ,ZHU S Y,ZHANG Q H, et al. Niche of the domi~
nant species of soil ciliates and its relationship with environmen-
tal factors at different altitudinal gradients in autumn on Kuizu
Mountain[J]. Acta Ecologica Sinica, 2022,42(9) :3494-3503
ASHTON I W,MILLER A E,BOWMAN W D, et al. Niche

complementarity due to plasticity in resource use: plant parti-



%3 BEZE G 45 - A OGS BL IR0 S Y e

JEUAEL ) i) 366 B A 2537 B 5 T 983

[}

[t}

—

tioning of chemical N forms[J]. Ecology, 2010,91(11) :3252-
3260
GROSS K. Positive interactions among competitors can pro-
duce species-rich communities [J]. Ecology Letters, 2008, 11
(9):929-936
ADLER P B,SEABLOOM E W,BORER E T,et al. Produc-
tivity is a poor predictor of plant species richness[J]. Science,
2011,333(6050):1750-1753
REICH P B, MOHANBABU N, ISBELL F, et al. High CO,
dampens then amplifies N-induced diversity loss over 24 years[J].
Nature, 2024, 635(8038) : 370-375

BT E . R RS R RIEART
PSR BETEHE LT ], 1 AR A5 224, 2004, 15(11) : 2184-2188
WANG C H,XING X R,HAN X G. Advances in study of fac-
tors affecting soil N mineralization in grassland ecosystems|[J].
Chinese Journal of Applied Ecology,2004,15(11):2184-2188
Eay CE S B = S V- o N DR RSB S NN
+HE2E 4, 2025,62(2) :308-321
LI T Y, YAO L, ZHONG Y X, et al. Nitrogen fertilizer
demand in China in the context of green development[J]. Acta
Pedologica Sinica, 2025,62(2) :308-321
AR I, E R A 1‘/,4? AR BRI K AR
W SR A S )] ‘TfTﬁ,2022,31(11) :118-127
ZOU B K, WANG X M, CHU Z S, et al. Effects of nitrogen
forms on growth and nitrogen assimilation and utilization of
Buchloe dactyloides [J]. Acta Prataculturae Sinica, 2022, 31
(11):118-127
AT, WA R348 . UKV I BICE Py 52 vl 375 2 J5E 7 o £
ST A [T ], B 4, 2022, 67(13) £ 1459-1468
REN H Y, TIAN L, ZHU Y, et al. Nitrogen and water addi-
tion alter nitrogen uptake preferences of two dominant plant spe-
cies in a typical Inner-Mongolian steppe [J]. Chinese Science

Bulletin, 2022,67(13) : 1459-1468

[40] AGRAWAL A A. Phenotypic plasticity in the interactions and

evolution of species[J]. Science,2001,294(5541):321-326

(41 F5A0IRATAT, SR, 25 SN AR 5 X 34 1 HLB A 1 £

[t}

AR SV FE RN [T]. MY A5, 2021,45(1D :13-22
WANG Y L,GENG Q Q,HUANG J H, et al. Effects of nitro-
gen addition and planting density on the growth and biological
nitrogen fixation of Lespedeza davuricalJ]. Chinese Journal of
Plant Ecology, 2021,45(1):13-22
PR SEILW, IS AR L AR KA W e UL Y A B AR
AW [T ] B A R 27 41, 2004, 12(5) £ 482-488
LI D J, MO J M, FANG Y T, et al. Ecophysiological
responses of woody plants to elevated nitrogen deposition [J].
Journal of Tropical and Subtropical Botany, 2004, 12 (5) :
482-488
B, B S, R A, A U NN B B DX L
B R G B R AL A 5 e [T]. FI A A, 2025, 34(2)
221-232
JIAY H,HU W Y,DENG J, et al. Effects of nitrogen addition
on soil microbial nutrient limitation characteristics in grassland
in the Loess Hilly Region[J]. Acta Prataculturae Sinica, 2025,
34(2):221-232
R R T R, AR A [ R R o % 2 0
b DR i A ) AR 3 B R BT ST (). AR S A,
2021,41(20):8171-8177
GAO JL,SONG Y Y,SONG C C,et al. Effects of different
concentrations of nitrogen additions on fine root morphological
characteristics in permafrost peatland in the Daxing” an Moun-
tains[ J]. Acta Ecologica Sinica,2021,41(20):8171-8177
KA AT 2 A LR SC 5 . B L e e DS [ 4 30 U R b AR 3
PR A SO0, ROk BE22,2016,33(7):1391-1402
ZHANG W,HE JH,HAO W F. Niche characteristics of domi-
nant plant populations in grassland of Loess Hilly Region of
China with different management styles[J]. Pratacultural Sci-
ence, 2016,33(7):1391-1402
ABER J D, NADELHOFFER K J, STEUDLER P, et al.
Nitrogen saturation in northern forest ecosystems [J]. BioSci-

ence, 1989,39(6):378-386

REHE REZA)



