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Abstract: Stipa baicalensis grassland is a type of meadow steppe that plays an important role in livestock husbandry in
China. In recent years, unsustainable grazing, mowing, and other overuse patterns have heavily affected China’s grassland
ecosystems, resulting in decreased productivity and losses in biological diversity and ecosystem stability. The restoration and
sustainable use of grassland ecosystems has become a concern in grassland ecology. Low levels of soil nitrogen (N),
phosphorus (P), and potassium ( K) often become important factors that limit grassland productivity, while arational
application of N, P, K and medium trace element fertilizers can obviously promote the productivityand quality of grasslands.
Nutrient addition can affect the structure and diversity of grassland plant communities, and studies on the response of
grasslands to adding nutrients will have important theoretical and practical significance to the recovery, reconstruction, and

scientific management of degraded grassland ecosystems. We studied the effects of added N, P, andKin a S. baicalensis
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grasslandto provide a basis for the rational use and protection of grassland resources and the restoration and reconstruction of
degraded grassland ecosystems, as well as to lay a foundation for a more general analysis of the relationship between
biodiversity and productivity. A randomized block design experiment was conducted with six blocks of eight treatments each .
C (control, no nutrient addition) , K (K addition only, 100 kg/hm*) | P (P addition only, 100 kg/hm*) , N (N addition
only, 100 kg/hm*) , PK (mixed P and K addition, 100 kg/hm’of each element) , NK ( mixed N and K addition, 100 kg/
hm® of each element), NP (mixed N and P addition, 100 kg/hm’ of each element), and NPK ( mixed N, P, and K
addition, 100 kg/hm’ of each element) .Forty-eight (8 m X 8 m) plots were established with 2 m and 5 m isolation belts
between the subplots and main treatment areas, respectively. In 2010, nutrients were applied twice a year with 50% of the
treatment amount applied on June 15 and 50% again on July 15 during the grass-growing season.Fieldwork was completed in
mid-August during the grass-growing season in 2012. To eliminate edge effects, conditions were measured only in the 6 m x
6 m area in the center of each 8 m x 8 m plot.A 1 m°(1 m X 1 m) quadrat in each 6 m x 6 m plot was used to record
various biological and ecological characteristics including plant composition, plant height, percent ground cover, and
vegetation density. We evaluated these characteristics to estimate primary productivity and plant diversity. One-way
ANOVAwas used to calculate the species richness, the Shannon-Wiener and Pielou indices, and to analyze aboveground
biomass. The relationships between the diversity indices and aboveground biomass were determined through linear
regression. The results showed that all treatments increased primary productivity and reduced plant diversity. N addition,
with or without P or K addition , always significantly decreased the Shannon - Wiener and Pielou indices ( except for the NP
treatment which had no significant effect) , but only the NP treatment resulted in a significant decrease in species richness.
With the exception of the K treatment, all treatments resulted in significantly increased primary productivity. Among the
three nutrients, N was the most effective treatment in increasing plant productivity and diversity ; the NPK treatment had the
greatest effect, increasing aboveground biomass 1.31 times compared to that of the control. Nutrient addition altered the
community structure in that N addition significantly increased the proportion of grasses and reduced that of legumes, but the
effects of nutrient addition on the proportion ofcyperaceae and forbs were negligible. With fertilization, plant diversity
(correlation coefficient, —0.522) , species richness (—0.391) , and species evenness ( —0.534) were all negatively linearly
correlated with primary productivity. In conclusion, the NPK combination treatment resulted in maximum grassland
productivity while effectively maintaining plant diversity, resulting in improved environmental conditions and

achievingsustainable development.
Key Words: Stipa baicalensis grassland; grassland productivity ;K; N; P plant diversity
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Table 1 Response of grassland plant diversity to nutrient addition

ZREHER L Xt R K ¥ P ¥Nm PK #Hi N ¥ NK 7 NP #Hm NPK 71
Diversity index G K P PK N NK NP NPK
EEE

23.00£2.16 a  21.00+2.00 ab 21.25+4.35 ab 21.25£3.59 ab 18.25:2.36 ab 20.75£1.50 ab  16.75£3.30 b 18.504.44 ab

Species richness
Shannon-Wiener 84X

Shannon-Wiener index

Pielou 8%

Pielou index

ATUNG R AL BN 5 5.5 (P<0.05) .
2.2 FEOTUSTIONS DURN R S SRR R v b LA i S

221 FRPEANNS DUMNZRER 55 5 SR A v 2B i (Y 5
AR USINAL BE 25 AN [ 2 B2 M i vy e JURL 00 300 [

2.48+0.18a  2.34£0.17 ab  2.28+0.33 abc  2.28+0.24 abc  2.09+0.16 be ~ 1.97+0.12 ¢ 1.98+0.22 ¢ 2.08+0.15 be

0.797+0.04 a  0.760+0.05 ab  0.754£0.07 ab 0.751+0.06 ab 0.711+0.03 be  0.646+0.05 ¢ 0.722+0.08 abc 0.697+0.03 be

s EAB (1), ST AR SR T 5| 1
A A S LG RS N T 38.249%—130.55% , H ﬂm\g 200 | b i

NK NP NPK 4b 3 5 %} B A b 52 8 3 22 % (P<0.05) ﬁé 150 | beoobe ¥

NPK A IO B0 8 O LA RRUSY BE | .

BRITAE S, 1 N NK AT B (P § H

0.05) , < 0

22.2 FRORANRT DURI/REF 5558 JEURE 6 R ) S R M ¢ k. p MK N NKONPONPK

b P Treatments

AR A S I R 3 S T R TR AR ) D) RE A
AR R AR (B 2,3 RASRL B RE AR E1 FHRNNERb FEYENEE, FR/NSFBRER
. . . E 412 E E 7 B E ( P<0.05)

g}ﬁ ﬁ?@ﬂﬁjzi%iﬂ@ﬂfﬁi ’ 'ETEEJE*E%#EEWE Fig. 1 Effects of nutrient addition on aboveground biomass of a
() 47.32% ; R B3GR ZR 28 B IHBERE 209 (5 5 JfUM  grassland.  Different lowercase letters indicate  significant
%ﬁ%ﬂ"]Z?ﬁ.SS%*ﬂ 21.43%, N %(ﬂﬁﬁﬂ ﬁ%{l}%% T;ﬁzlg differences among treatments at the 0.05 level
B Thae i o A Y (&l 2, P<0.05) , N NK,
NP NPK 4b BRS04 H: % BB 1) 45.42¢/m* $2 75 %] 101.02g/m® [ 111.37 g/m” [ 115.05g/m" .130.20 ¢/m*, {U N
NK Ab 3 I 2 52 5 7 ARASFHAE ) 2 RERFAE REHBAE S % LU (18] 3, P<0.05) , 50 BEURA L 43 B 8 T 41.42%
44.39% ., NK NP NPK @ EFEK T ZRHEY) D REREAE R v Y HE EE (P<0.05) , {H I VA i 35 P I H: b
AEYR (K 2,3) , /U NPK Ab3E 50 T 25 FHE Y D e RE A A= ) i (P<0.05) , 45 Ab BT 25 R 1 D)
RERETE b B Y& P B T 7 9 L S48 O S 5 2 e (181 2,3) . NP ONPK S &3 1T yb SRV Y Sh e e A= 4)
1 (P<0.05) AHIFARXHAE R AR th g LL ™ A W32 (18] 2,3) o &R0 AL BEAR A B B 95 SR} AR
Yy REREAE R VR P A EL B A B g S X IR 22 FOR AR B (18 3,P>0.05) , £ IS nAb BB 2
RAAIR T 222 B I RE R AE S 95 P 19 FE FE (P<0.05)  (HR R W Hh b AR e e W i (1R 2,3)
22,3 FROTUSHIONT DA /R AT 550 R 5 S AR Y, b A ) 15 )

VEREREVE AR ZE A 10 Fh 2 ZEREY) , 43 B35 0 U v =2y LA i a2 (1 4) . 53X 10 A
ERRARABHA DUMRE 28 SRR PP Rk 5 SR s O S O PR B L S p Ry, 25 R

http ; //www.ecologica.cn



24 44 T

S5 RIS IO NS DURR B 2P S IR ) AR5 A 7 T )R

160

140

s
0
i £
ﬁ%
< 80
-
®E
&
>
=}
O
<

40

—
(=]
(=}

(=3
(=]

[N}
[=}

oc
BK
ap
B PK
N
B NK
O NP
B NPK

Z

N

I

KA

Vi H

IiEERE Functional group

E2 FoFmMMEREMINEED EEMENZE, FRNEFEARTELEEEREZ (P<0.05)
Fig. 2 Aboveground biomass of functional groups under different nutrient addition regimes. Different lowercase letters indicate significant

differences among treatments at the 0.05 level

80
- ac
< BK
E0F op 2 b
2 B PK
Eg o ON [-
23 B NK %
£ anNp I—
% 50 } BENPK o'
Eg Bk
zE K3
i 40 | 1
m‘;:: 1o
3 1<
EIHHED :_
S5 30 F B =
1) 15 E
He &' &
S -_ B
o - -
ﬁ%’n 20 f 2% &
s &' B
Sola b = kg
& ab_ P abe _: aaaaaaaa -
& bcCCI 2 :_ |ch'nWl::%| [~ )
0 : -
R RAF PWHERL

Ti#ERE Functional group

B3 FAFMMEREVIRBMERHPASEENZN, FRNEFERRFAELE B EREZ(P<0.05)

Fig. 3  Composition of functional groups under different nutrient addition regimes. Different lowercase letters indicate significant

differences among treatments at the 0.05 level

B EHUBRAESK s BT RS E AR R 64.34%—87.03% , Hoth R BRI A | B HRRAE Sk o H R
TRIE /R KLY, S5 R R N RIRANAIALEE (N NK NP NPK ) BEAS T 238 I AR AS B} A 420 2 0 RIS [ 1 20 11 3
AEYIEE(P<0.05) , o34 DL NPK ADBEASCR fe oy b 2%, Y A =i 0 531 280.37% il 534.63% 5 {H N ZRES It
AN DUINREEZE RSP (B NPK AREE) (b A= 908 7= AR B 35 52 (P>0.05) o P UK FES IR 3 PO b R AR 8
YL AR YRR B3 (P>0.05) o N RIS GRME b Az 6 1 s i ) 55 R ASRHAH J, fiff
e TR A TR M b AR g S AR A o NP NPK Ab B AR T D TR A R Ak
P56 HRAH b 22 5591 AR .35 (P>0.05) 51 K P AN HE b A W A B i A | (HL 45 b B0 5 56 R i) ) 22
FBARE(P>0.05), NP NPK 4B ZHIN T H A AR & (P<0.05) , 5 X5 AR L 23 B m 1
265.12% 1 262.79% , 453753 AL BEXT VA 85 1A 52 M0 -5 %60 P50 1 5l — 20, A0 NPK AL R BE 2 35 48 508 1 19 1l

http ; //www.ecologica.cn



6 ESOE O ¢ 354
80 45
JUMRERF a 40 | ES ab  ab
70T Stipa baicalensi a L hinensi a
ipa baicalensis eymus chinensis ab
| 35t T
60 a a
a 30
50 ¢ a abc
40 5T be
i 20 + be
0 15 | ¢
20 + 10 |
10 ¢ St ﬂ
0 I I 1 1 1 1 1 ) 0 L L L L L L L )
C K P PK N NK NP NPK C K P PK N NK NP NPK
35 ¢
30
0+ CMF a KRR TR a
Achnatherum sibiricum 25 1 Cleistogenes squarros b l
L al
2 20 | abc abc
20 | ab
15 r bed
15 - ab
ab ab ab
10 + ab 10 r cd o
5 - b ’l‘ 5 -Iil ’l‘
AERINIRIRINININE N (RN IR IR RN NS
C K P PK N NK NP NPK C K P PK N NK NP NPK
6 - 67 -
& a L A a REE
\:1) 51 a Thermopsis lanceolata 5t Melilotoides ruthenica
wWg o, 4| a
g At ab a
.2 3 F
- -’S 3T be a
2%
me 2y 2y
53
z 1} 1t a
< i a
0 . . [ll r"-| 0 . . . . i = ,
K N NK NP NPK C K P PK N NK NP NPK
7r 6 r
W . ., BEEWSE
6 | Carex duriuscula a 5t Potentilla acaulis
T b
ab a 4r
4t ab  ab a
3t b o
2t b 2r .
a
1 ’J_‘ Ly |l| a a ﬁ I
o LLL. RIIRIRINIE - NNl
C K PK N NK NP NPK C K P PK N NK NP NPK
90 - 25 ¢
Wi i RAE S,
88 | Artemisia frigida a 20 | Serratula komarovii.
7 -
o] ol T
ab ab
30
20 ¢ b b b b 51
0 b |-T—‘ |-"-|
olmm I, AL,
C K P K N NK NP NPK K PK N NK NP NPK

KIbFE Treatments

B4 FHOHRMNEFRENINEHEEHGPASEENZN, AENSFERRAELEEEREE(P<0.05)
Fig. 4 Effects of nutrient addition on the aboveground biomass of representative plants. Different lowercase letters indicate significant
differences among treatments at the 0.05 level
Note: A.WUM/RELS Stipa baicalensis, B.3E%: Leymus chinensis, C.312f Achnatherum sibiricum, D. i FaF 5 Cleistogenes squarros , E. 451
Thermopsis lanceolata , F. )4 5. Melilotoides ruthenica G. & ¥ Carex duriuscula, H. 2 BZWESE Potentilla acaulis, 1.7 Artemisia frigida, J. 5
FRAEK Serratula komarovii.

http ; //www.ecologica.cn



24 4] THE A5 FRIEIN S DUINR B0 B ) A e 5 A7 T B 5 ) 7

AR (P<0.05) O HIE AR XS BRAG 11.45 £, 1728 Ab BT 2 76 2% b SR B R AE Sk (0 Ml B A= ik 24 oK 7
A B (P>0.05) .
2.3 DUMMJRER SRR Z AR SR TR R

TEFEAI S INZAT T, Wi 4= 5 B Shannon-Wiener $5 41 Pielou 48 50 5 LW V5 W1 90 A= 7™ ) 3 SR AR M AT
KK Z (K 5—7) MK R H 51 M-0.391(P<0.05) ,—0.522( P<0.01) ,—0.534( P<0.01) , 3435 B E K-,

350 350
300 <& 300 b <o
250 | 250 |

200 < 200 + % &

—
W
(=}

i S
o
O ON O g © 150 | <><><><> 8 %
100 | goro OOO 100 |- S <O

Hi AR
Aboveground biomass/(g/m?)

M B R
Aboveground biomass/(g/m?)

50 y=-5381x +260.6 so b »=-96.58v+3639
Rz=0.153 R?=0.273
O 1 1 1 ] () 1 1 1
10 15 20 25 30 1.5 2.0 2.5 3.0
Yifh=E & JE Species richness EA=1iti 4

Shannon-Wiener index
B5 YMMESESVREFNINER

Fig. 5 Relationship between species richness and primary

El6 HEMEHMSVMRETNHXE

productivity Fig. 6 Relationship between plant diversity and primary

productivity

171 350
3 it % .| o

RBITEHERE T NP K SRS AT 7 20T So
AL, R e e o B2 05090 o
W, SRV N R TN NK NP NPK) WIS 25 | o SR o
WA B AR TR SRR, KSR 2 s T i
G L o P A e
38 0 A R ORI R AR ) 12 I £ 959 BEARHE Piclou index
HAEAS RGP AL TR, ITTHE T e 5 2 55 4 BT i R %

HFD R FEBAREY ZRETERRAL . XTSRS Fig. 7 Relationship between species evenness and
FBBEES  AHFSESE Srp N ZVR NG Ab 3 (N NK | Primary productivity

NP NPK) W Z 34 T ARABE Y b AWy it IE Uil T

B, TR 2 B 20 S AT SR B T 398 oh g T e U 0 2 ik B AR 2 6] o R R4 B
VR 2L g M LA XG0 3E 4 . Hautier 252 R Ren 252 Ak Wy 22 R 6HRETE T 261035 4 2 W U
VRIS BOIRh 2R F B 2 —, 40 A BT A S TN B A A SRR M B T |ty
BTSRRI A R | B i B A AL R PR A B S (R0 5T il 5 8 b 2K 20 LG 7 Ak T 5 B B
X,

S 2 VR I b B M R T 7 4 B A TR L Horh NK NP NPK Ab B I 35 4 o S b A A B
VEH 1A, P K VRN 3 R R 2N VRIS A RO, REAS T AR AR R M A R X
55 Flser 20 (UBFFE 45 A8, BFH AN, BT — BT, 50007 R I, SR 4 e 75 e
A R v R AR R R AR R, R NSRRI 0 b B R R A O S 1 i 5k
122.41%—186.64% ., 453741 Us INALFEXT GORME Py b A= ¥ B IV W52 W, {H NK NP NPK 4b ¥ i 2%
WA T G RMEADTE BB T G 10 L, X5 Zavaleta 251 F Henry 4605 jORFS0 45 5 —5k . /W7 A
B2 D R AR LA s (1 R R R XK 43 8 35 70 2 DGR 5 9 55 4 26 BEVE TP b TAR 3807, L

http ; //www.ecologica.cn



8 S % 358

BERIIS INGZ A% T 3 W ARABHE D) AR B BRI, o B3R s AR R 3] 1 2 4R 2R 28 RE M O RHE Y 1 2R
K0 X5 Silvertown 1 Law'™ FURFFE 25— 20, SRR ML 85 78 50 i, RASEHE 206 200 5 4 0 F S Rkt
WS4, RASBHE YL S AT REVE oh o 9 AL PACREE Y BB e ] 7R AR Y R AR T T
ZARAE MR ZER G A A LR, AT, 2% 3700 U DAL B 228 75 (1) 1l | 20 A HAE B b A v v
JIE o B LU TE S 5, (AR ST 2RI 2 N PO IR T A I RE A AL A, iR RE Y 22 B R, 242
B 2 AT

EL AT, XTI ZRE AL P2 1 6 R RS A & RIR 2518 . Waide 557 XHIT 200 B9 Fh ZHE 1 5 4
PRI R FR BV A, 30% 5 N2 KR, 26% 2 IELRME G R, 12% A AR ME G R, 32% T F M LKA,
Fridley' " A, Al IRAE LA 36 2 S BUR R ZREME S 4R F= 196 R, Tilman D 250 M E R EESED XA
SRS RGBT LI A 2R R E 7= RIEAHSEC R IR Y SR A = 1 2
1756 R S Bl 2k L ARHIFSR A5 SR, FR 0 TN IINTE B2 B WP VA A G 7 0 (TR s RIS T e 22
M R Z R R A 7= ) R R R, X SR EH5EN Y g5 R —3, WREE th TR
MR TR T R AR TSR] 1 AR AR RN AR 72 D0 2Z (A R DG 2R, I ELULIN B[] 19 AS [ 25 5 350
RER R XA Yy sl AR A Y 55 R AR R BUE Y Z RPN AE 72 T B 6 R 2 I 2 FOR Rl Y 322 i
B S3Ah M Rtk 5 4 7= T Z IR0 O SR MR T RUBE (R K/, s i) RUBE b s i) RUBE Xt 4 b = 8 18 52
7RG R TS A o B Guo HI Berrymﬂ YFALE S R85 i Chihuahuan YR BUREZE S 104,
FEWY 2 [B] RUEE 2 X0 == 6 BE 5 26 77 J7 I DG R 7 AR B2 A 340 15 B S A 52 e 1) I/ IV T 2 TV 2 88 D
RS BE (AR AR B

4 ZHie

(1) FRAT IR INGEA R = b R W BE R w1 9 A 7= 7, AN R IRk b oh i 38, R NPK A%,
fifidth ARSI T 1.31 4%,

(2) F&43 T8 ek A8 B i A RV LA, B2 T T DAL BRI DUMN R #1550 A2 5 R 3= i R AR ) D e e it
Pp

(3) RS N2 AN [ i 3 b R AU e SR L) 22 e | (0 e b R D BV 0 9 2 7= S R ) A b =22 )
RORMEMLLR,

2% 3L HR ( References)

[ 1] TEHE, shER, fESC, AT S O 55 R 2= 2 Re i rsgm. AERF 2, 2010, 29(5) ; 862-868.
[2] PEBEBENZF ST ELEBEN. N, Jbat, Blag ik, 1985.

[ 3] falobk, AR, SABRS, St BB B0 DU R §1 55 B0 5O I i 0 20 R4 A 7 T IR ). A2 A5 2 A5, 2006, 25 (12)
1470- 1475,

[ 4] Mooney H A, Vitousek P M, Matson P A. Exchange of materials between terrestrial ecosystems and the atmosphere. Science, 1987, 238(4829) ;
926-932.

[ 5] Stevens CJ, Dise N B, Mountford J] O, Gowing D J. Impact of nitrogen deposition on the species richness of grasslands. Science, 2004, 303
(5665) : 1876-1879.

[ 6] Wedin D A, Tilman D. Influence of nitrogen loading and species composition on the carbon balance of grasslands. Science, 1996, 274(5293) .
1720-1723.

[ 7] GoughL, Osenberg C W, Gross K L, Collins S L. Fertilization effects on species density and primary productivity in herbaceous plant communities.
Oikos, 2000, 89(3) : 428-439.

[ 8] Vance C P, Uhde-Stone C, Allan D L. Phosphorus acquisition and use: critical adaptations by plants for securing a nonrenewable resource. New
Phytologist, 2003, 157(3) . 423-447.

[ 9] Elser]J, Bracken M E S, Cleland E E, Gruner D S, Harpole W S, Hillebrand H, Ngai J T, Seabloom E W, Shurin J B, Smith J E. Global

analysis of nitrogen and phosphorus limitation of primary producers in freshwater, marine and terrestrial ecosystems. Ecology Letters, 2007, 10:

http ; //www.ecologica.cn



24 4] THE A IR AT A S DUANZR S35 w5 AR ) 22 Rk 5 A T 52 9

1135-1142.

A, BED, AE, Ak, Pk ST SRR 2 RO BRI A A B A S . A A SR, 2014, 38(2) : 103-115.
Janssens F. Relationship between soil chemical factors and grassland diversity. Plant and Soil, 1998, 202(1) . 69-78.

T, WRTF7E, TR, 4R . NI i SV R A ) R PR A 7 T 52 . Bk 224K, 2007, 16(5) : 34-39.

I, VT, AL TR AR LT H e g 2 AR IR AU . R AR, 2004, 13(6) ¢ 65-68.

Bai Y F, Wu ] G, Clark C M, Naeem S, Pan Q M, Huang J H, Zhang L X, Han X G. Tradeoffs and thresholds in the effects of nitrogen addition
on biodiversity and ecosystem functioning: evidence from inner Mongolia Grasslands. Global Change Biology, 2010, 16(1) : 358-372.

Fridley J D. Resource availability dominates and alters the relationship between species diversity and ecosystem productivity in experimental plant
communities. Oecologia, 2002, 132(2) : 271-277.

Alhamad M N, Alrababah M A, Gharaibeh M A. Impact of burning and fertilization on dry Mediterranean grassland productivity and diversity. Acta
Oecologica, 2012, 40; 19-26.

BRI, FAT I, ZEAR. MR RS 75 R 2 A5 A 1 6 R IR E. AR AR5 4R, 2002, 26(5) « 589-593.

BTN, fifE sy, SR, WROCEE, TKREE. YIRS K USRS B R AR RIS SR AR S AR IR . R A AR, 2014, 38
(2):167-1717.

Stevens M H H, Carson W P. Plant density determines species richness along an experimental fertility gradient. Ecology, 1999, 80(2) : 455-465.
Newman E I. Competition and diversity in herbaceous vegetation. Nature, 1973, 244(5414) . 310-311.

Hautier Y, Niklaus P A, Hector A. Competition for light causes plant biodiversity loss after eutrophication. Science, 2009, 324(5927) . 636-638.
Ren Z W, Li Q, Chu CJ, Zhao L Q, Zhang J Q, Ai D X C, Yang Y B, Wang G. Effects of resource additions on species richness and ANPP in
an alpine meadow community. Journal of Plant Ecology, 2010, 3(1) . 25-31.

Huberty L E, Gross K L, Miller C J. Effects of nitrogen addition on successional dynamics and species diversity in Michigan old-fields. Journal of
Ecology, 1998, 86(5) : 794-803.

Zavaleta E S, Shaw M R, Chiariello N R, Thomas B D, Cleland E E, Field C B, Mooney H A. Grassland responses to three years of elevated
temperature, CO,, precipitation, and N deposition. Ecological Monographs, 2003, 73(4) . 585-604.

Henry H A, Chiariello N R, Vitousek P M, Mooney H A, Field C B. Interactive effects of fire, elevated carbondioxide, nitrogen deposition, and
precipitation on a California annual grassland. Ecosystems, 2006, 9(7) : 1066-1075.

[eip , %SGV, AN [t AP X H Rl A 2 ZE B AR 7 D R SRR RSO MR, 2 MRS HARRLEAR, 2004, 40(3) @ 56-59.
Silvertown J, Law R. Do plants need niches? Some recent developments in plant community ecology. Trends in Ecology & Evolution, 1987, 2(1) .
24-26.

PeER, AL, JAARI ) BURA 550R I TR R R A R R A ) X A BRI A R R A SR, 2014, 38(2) ¢ 159- 166.

Waide R B, Willing M R, Stciner C F, Mittelbach G, Gough L, Dodson S I, Juday G P, Parmenter R. The relationship between productivity and
species richness. Annual Review of Ecology & Systematics, 1999, 30(1) . 257-300.

Tilman D, Reich P B, Knops J, Wedin D, Mielke T, Lehman C. Diversity and productivity in a long-term grassland experiment. Science, 2001,
294(5534) . 843-845.

FAREE, R, EREE, SR, TV mIER A R IR MR RS A I RISk, 2005, 24(5) ¢ 483-487.
Tilman D, Wedin D, Knops J. Productivity and sustainability influenced by biodiversity in grassland ecosystems. Nature, 1996, 379 (6567) .
718-720.

Kassen R, Buckling A, Bell G, Rainey P B. Diversity peaks at intermediate productivity in a laboratory microcosm. Nature, 2000, 406(6795) :
508-511.

De Bello F, Leps J, Sebastia M T. Variations in species and functional plant diversity along climatic and grazing gradients. Ecography, 2006, 29
(6): 801-810.

Guo Q F, Berry W L. Species richness and biomass: dissection of the hump-shaped relationships. Ecology, 1998, 79(7) : 2555-2559.

Hector A, Schmid B, Beierkuhnlein C, Caldeira M C, Diemer M, Dimitrakopoulos P G, Finn J A, Freitas H, Giller P S, Good J, Harris R,
Hogberg P, Huss Danell K, Joshi J, Jumpponen A, Kémer C, Leadley P W, Loreau M, Minns A, Mulder C P H, O'Donovan G, Otway S J,
Pereira J S, Prinz A, Read D J, Scherer-Lorenzen M, Schulze E D, Siamantziouras A S D, Spehn E M, Terry A C, Troumbis A Y, Woodward F

I, Yachi S, Lawton J H. Plant diversity and productivity experiments in European grasslands. Science, 1999, 286(5442) . 1123-1127.

http ; //www.ecologica.cn



