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Short-term Responses of Plant Community Structure and Function
to Nitrogen, Phosphorus and Potassium Additions in an
Alpine Meadow of Qinghai-Xizang Plateau
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Academy of Sciences, Beijing 100049, China;3 Research Center for Eco-Environmental Sciences,Chinese Academy of Sciences, Bei-
jing 100085,China;4 Qinghai Normal University, Xining 810008 ,China;5 Shanxi Agricultural University, Taigu,Shanxi 030801,
China)

Abstract ; Different fertilization approaches were used in the Kobresia humilis Meadow in Haibei Alpine
Meadow Ecosystem Research Station in order to study the impacts on plant community structure and func-
tion. The results showed that:(1)Fertilization reduced the species richness,ranked in the following order:

controlled trial>>potassium>>phosphorus>nitrogen>nitrogen-phosphorus>phosphorus-potassium>>nitro-
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gen-potassium > nitrogen-phosphorus-potassium. (2) The treatment, Shannon-Wiener index of nitrogen-
phosphorus fertilization treatment was significantly higher than that of the controlled trial (P <C0. 05),
while the other treatments had no significant effects on the Shannon-Wiener index. (3) Under the same fer-
tilizer treatment, the important value of Gramineae, Cyperaceae and Leguminosae increased, but Forbs re-
duced;the important values of Gramineae and Cyperaceae were obviously higher than those of Leguminosae
and Forbs. (4) Different fertilization (except potassium) treatments increased K. humilis meadow plant
community height. (5) Potassium and phosphorus-potassium adding had no significant difference (P >0.
05) ,while other nutrients and the combination of nutrients significantly increased K. humilis community
aboveground biomass (P<C0. 01),and the order was that: nitrogen-phosphorus>nitrogen-phosphorus-po-
tassium>>phosphorus>>nitrogen-potassium>>nitrogen >phosphorus-potassium > potassium>>controlled tri-
al. (6) Under the different kinds of fertilizer,functional groups biomass ratio of K. humilis meadow changed
significantly, Gramineae and Cyperaceae increased, Forbs reduced, and Leguminosae had no general rules.
(7)Nitrogen-phosphorus and nitrogen-phosphorus-potassium were the best fertilization choices in this al-

pine K. humilis meadow on the Qinghai-Xizang Plateau, when comprehensive evaluated using the Entropy

method.

Key words: fertilizer;alpine meadow ; productivity;species diversity;entropy method
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Table 1 The amount of fertilizer applied of per plot per year

b 3 F A& wmE
Treatment Nutrient form Addtion(g * 36m™~ 2 « year ')
N JRZ CO(NH,)» 771.43
P R — 45 Ca(H,PO,)» « HyO 1 464.39
K IR K, S0, 802. 40
PK iR —45 + R Ca(H, PO 2 » Hy O+ K2 SO, 1 464, 39+802. 40
NK JRE+BERE CONH2)»+K,SO, 771. 434802, 40
NP JRZE + Wk —45 CONH2),+Ca(H,PO), « HO 771.43+1 464. 39
NPK JRZE H R —45 + MR CO(NH:), +Ca(H,PO,)» » HoO+K,SO, 771. 4341 464. 39+802. 40
CK — —
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Fig. 1 Effects of fertilization on species
richness of K. humilis meadow
Different letters indicate significant difference at 0. 05

level between different treatments. The same as below
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Table 2 Important values in four functional groups of K. humilis meadow under different fertilizer treatments

TIREM

Jjiti A AL PR Fertilization treatment

Functional group N P K PK NK NP NPK CK
KX Gramineae 0.136 0.105 0.082 0.121 0.160 0.178 0.239 0.063
Y EL 2 Cyperaceae 0.088 0.074 0.068 0.081 0.093 0.098 0.105 0.057
HF} Leguminosae 0.017 0.067 0.035 0.027 0.013 0.021 0.018 0.013
JLK B Forbs 0. 006 0.110 0.031 0.028 0.022 0.013 0.016 0.039
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Fig. 4 Effects of fertilization on aboveground

biomass of K. humilis meadow
Different capital letters indicate extremely significant

difference at 0. 01 level between different treatments
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Table 3 The result of comprehensive

evaluation by entropy method
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Fertilization Comprehensive evaluation value Sorting result
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K 0.103 44 7
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NP 0.157 80 1
NPK 0.157 58 2
CK 0.098 20 8

Xof HEAH EG i 43 I 36 in T 96. 8026 il 76. 00% , T
FOP I T 102, 22% 1 77.78% . N K HAL 4t
JIE B, 4 BV 1 e BB R R S R L I T N
R G A0 3 U B R JE R M 3 NOR ez foh
ARG IR IR T i FE X N 2 BRI

Jit A 25 B I TR M AL R Ay R T
FE A 55 4 T i IE AT A4 o 0 7= . i RS )
T 25 1 HE R I 8 o6 o 2 ) 45 T RE R b ZE ) )
P 5] 728 A B J 2R R0 A B ) L 4 80 L e S R
Fo s 2 (& 5D, 5 HOE A e, 72 lE NP 4b 3 v,
TR S [ A9 18 0 e 2 25 (20. 00 %) L ZEJiti NK 4b B
Hh, Y5 RS H ) 1 B B 2 (50. 00 %), #E it NP
b BE v 24 2R Lk D B B 25 (83.33%60) . LB
B A= b il #E N NP ONPK 4b # A 88 i, 78
P K PKNK 402 rpgi /b 38047 2 35 19 AL .
2.5 MEEEAIENHELEN EEEE@MESE
9EA

P8I F R S HE T 10 255 VEAN O vk b i 1 1 0
— TR A Lt 0 /N SR 1 4R AR A R AT R
PP 5 R SR R 0 A A5 4R bR (L
Yy Fh 3 & BE 48 0. Shannon-Wiener $8 %5 41 #% = .
Mo A CEEED b B AR (P D) AL, SR
Ja EATLE A PR 34T o i IE R R o B b A 7 Y 2
B AR 22— o b it A R ARG o A R Rk FR A4y B
FHEE SRR, R 2 BN AEITEM LR N NP
>NPK>NK>N>P>PK>K>CK, 7 N &k} N
UL M BT L 25 D7 B 389 R b I Ak 2
XL N &H N B AR TS R N &
F14) RS 1 7 D %o 4R b A e A 4 LA T A R AR

31 ®

Jit A 2 R M A 2 R G R UK R S R Y R
Tt » 31 IO 1k K 22 BT 58N O 15 8 1 150 A
3 S INAT R R AR P B 2 R
WA P TEEIR R AP B w s SR a2 T
HENE 3 AR 2353 W 5 b A 0 0 T 1 2 R R L T
Tilman 5 AR HEVE 2 FEPE I AL 16 15 HAE BT A 5
BB TR DA 5 BB I8 2 W B AR S B R RS E R
0 8 i gD L 3 SR Bk Z A O T 2 AR PR R T /Y
S0 RN . 3 B AR RV 2 R A AN TR R Y
S5, JEUIA AT R il A A v Ak 7E A () 1) 1B A T8 R
Beat et o AT 1 T W R A 1A S Re
Uk %ok B0 85 A8 AR A AR Sk 14 e L T 28 it IS A AT RE
SEINTE 22 Wy RR R N 4 D e 22 RE TR BT DURE v 9 B A



2322 [T A i N // M= S 34 4

DRI AR — & & 7 it B 5 G kN . 7E AR BF 5T
Hh el T I ) AR R A BR e i NP b B4, Shan-
non-Wiener $§ 5E A i I AL BT %A B & £ 5.1
PRl A A 1 i 1 25 il A b 8 fof 0 s R
A BE TR RN R D

Jiti AE T HE 2 de 732 Y A H A R it AR ek s T
I HE T PRI O 8 R A R IR A 40 A o it T %o A
WA KRRV S A0 7 A T R WS . AR AR S 3
W HESR b IR TE R 8 A B b i3 S B E T HE
T SO0 3R 1T 5 b ) AR T s SR R T
(1A R BURRAE » 28 BUARRAE X P SR 1 A B8 JE
A REAFFAE 3% S RRAE P TR AE KRR T L3R
FRES AFIERE S ED . AW AE RR W R IR it
JIE Kb PR AR e, P | LR AE ) SR A, e 2R R
I8 E B /L it A 3 TR R A B LA 1)
59 T 2R EERE P OER . 45w B E R %R
W E G AR R A RIS 2 52 2, A2
A B S W S b . A ST A R R L aE
Mt I8 5 o AE P RE T v R B B, NOIE P OB AT
HLIE IR A it I8 % S fe ff, o] i RE VK = RS
76.75% M EARW RIS N 150, 33% . FEABESE

SE 3k

B it i K A o 5 it A A 38 87 1 6 3 e ) A B R B
B s e m K PK S 5% i 55 ) 1 b AR P i 5 R
HE 22 R i 3% (P=>0. 05) , i He At it AE 40 B )5 L #F 7%
Mo b Ay RN 5 CK M EL it AE (5 R 2 95
(14 4t - 25 et BB 359 1 o T 2% 2 B ) M A ) R
PO /L o 33X U B it FES 0 R 0 1 A g e 1L £ S
Y 5 B AR B8, w] DB 1k VD Ak R s i — 2 v
A % VA 5 ) PR 52 A T B A

SO 1 2 0 D00 i A A 80 %o 0 v e ) TR V% 1Y
S 25 SR R AC I bR T R R N 3R Y B A
FH NI 3 R R A KL T = e RN
Fofr o DT LA 4 5 1) 3K B b G BE 7 . Bt it IE
SRR 3G . b A W R R] S A L N R
JH 28 a1 B ) A DI 48k 8 B 22 9 W) Rl I R L X
BEVE I Rh ZREME P A2 T B . i AR R 45 R
F W KX % s o ) B VR S A R OR B AT fiR 2
Pl KA 7 R e i e 9 i X AN S B ol A

ST N B FL A A it I B i T 9 s )
eV 77 71 NP ONPK BE A it IE 2 7 78 = i = 2R
Ak e Y e A it S Ak

[1] RONG Y PGEARM) . HAN J G E) , WANG P(FE 1), Effects of different range restorations on soil and vegetation of Russian
wildrye (Psathyrostachys juncea) pasturelJ]. Acta Prataculturae Sinica (EV2#3%) ,2002,11(1) ;17— 23(in Chinese).

[2] WANG W Y. WANG QJ WANG H C. The effect of land management on plant community composition, species diversity,and productivity
of alpine kobersia steppe meadow([ ] ]. Ecological Research ,2006,21(2):181—187.

[3] WANG G,QIAN J,CHENG G,et al. Eco-environmental degradation and causal analysis in the source region of the Yellow River[J]. En-

vironmental Geology .2001,40(7) :884—890.

[4] ZHOU H K(J&H#H) ,ZHOU L&  37),ZHAO X QG 4) set al. Stability of alpine meadow ecosystem on the Qinghai Tibetan Plat-
eaul J]. Chinese Science Bulletin (F[E Bl 38 ) . 2006,51(3) :320—327(in Chinese).
[5] MAY R M. Stability and Complexity in Model Ecosystems, Population Biology Monographs[ M_]. New Jersey:Princeton University Press,

1973:21—38.

[6] LIBY(ZAH ,WANG J FGE4H) . ZHAO SH JGE ) s et al. The influence of fertilizers on the soil fertility, population structure
and yield of herbages grown in degraded grassland[J]. Grassland o f China (4 [E B H#) ,2004,26(1) :14—17,33(in Chinese).
[7] GOUGH L,OSENBERG C W,GROSS K L.,et al. Fertilization effects on species density and primary productivity in herbaceous plant

communities[ ] ]. Oikos,2000,89(3) : 428 —439.

[8] FENSHAM R J,HOLMAR J E,COX M ]. Plant species responses along a grazing disturbance gradient in Australian grassland[]]. Jour-

nal of Vegetation Science ,1999,10(1) .77 —86.

[9] FRIDLEY J D. Resource availability dominates and alters the relationship between species diversity and ecosystem productivity in experi-

mental plant communities[ J]. Oecologia,2002,132(2) :271—277.

[10] RAJANIEMI T K. Why does fertilization reduce plant species diversity? Testing three competition-based hypotheses[ J . Journal of E-

cology »2002,90(2) :316—324.

[11] JIY J(LW#H). Primary study on fertilizer application to alpine rangeland in Qinghai, Chinal J . Pratacultural Science (K FF2%) , 2002,

19(5) :14—18(in Chinese).

[12] LI X K(Z/N#), LU J W& S5 ,CHEN F(JE ). Primary study on fertilizer application of forage[ ]]. Acta Prataculturae Sinica

(FAP 4R . 2008,17(2) : 136 —142(in Chinese).

[13] CHENY M(EWH LI Z ZH(ZEH2),DU G ZHF: E i) . Effects of fertilization on plant diversity and economic herbage groups in
alpine meadowl[ J]. Acta Bot. Boreal. -Occident. Sin. (P§ILFE Y 2#41) ,2004,24(3) :424—429(in Chinese).
[14] ZHANG D J(EZEA). Effect of fertilization on aboveground biomass of alpine meadow in region of three -river source[ J]. Chinese Qing-



11 3

A IR+ 5« e e T A AL T R RN T RE X S e B A 4 3 ) 2323

[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]
[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]
[34]

[35]

[36]

[37]
[38]

[39]

[40]

[41]

[42]
[43]

hai Journal of Animal and Veterinary Sciences (35 & P BE 2475 ,2011,41(3) :17—19(in Chinese).

WANG CH T(EKEE) ,WANG G X(EMHZ) ,LIU WX ffi) et al. Effects of fertilization gradients on plant community structure and
soil characteristics in alpine meadow[ J]. Acta Ecologica Sinica (ZEZ52#4R),2013,33(10):3 103—3 113(in Chinese).

ZHENG H PORAE) ,CHEN Z X(JE ¥ ), WANG SH R(EH:58) ,et al. Effects of fertilizer on plant diversity and productivity of de-
sertified alpine grassland at Maqu,Gansul[ J|. Acta Prataculturae Sinica (E)2#3%) ,2007,16(5) ;34— 39(in Chinese).

CHEN W YB3k QI D CHOB B ) , LI G Y(ZET"52) et al. Effects of fertilization on grass community diversity and productivity of
degraded alpine grassland at Maqu,in South of Gansu Province[ J]. Journal of China Agricultural University (W [E &l K% 24 .
2009,14(6) :31—36(in Chinese).

ZHANG Z HG5k | F1D ,GUO ZH G(FBIEND . WU S Q(R % 38). Problems facing to prataculture in western alpine region and its sustain-
able development[ ] ]. Acta Prataculturae Sinica (FE\)2#4R) ,2002,11(3) :29—33(in Chinese).

LI Y N(Z=324E), Chinese academy of alpine meadow ecosystem research station climate overview[ J]. Dynamic Resource Network of Ec-
ological Environment C3E A 2555 W& WX 30745) .1998,9(3) :30—33(in Chinese).

JRI % R o R e g [ ML b e B2 AL L 2001 10— 21,

XU SH X158 ., ZHAO X QGBUET4) s et al. A simulative study on effects of climate warming on nutrient contents and in vitro di-
gestibility of herbage grown in Qinghai-Xizang Plateaul J]. Acta Botanica Sinica (Ki¥)*# %) .2002,44(11) ;1 357—1 364(in Chinese).
IRPSY S 76 O SR B 5 A VI R R ) A 2 R 0 E Lk Y 2T R R AR LML 220 R R AL 5 198219 —33.

SEAM M,SCHAEFFER R D. Pulse additions of soil carbon and nitrogen affect soil nitrogen dynamics in an arid Colorado Plateau shrub
land[J]. Ecosystem Ecology »2005,145:425—433.

YANG X X(#EE) ,REN F({E  K).et al. Responses of plant community biomass to Nitrogen and Phosphorus additions in an alpine
meadow on the Qinghai-Xizang Plateaul J]. Chinese Journal of Plant Ecology (K4 2524 ,2014,38(2) :159— 166 (in Chinese).
CLARK C M,CLELAND E E,COLLINS S L,et al. Environmental and plant community determinants of species loss following Nitrogen
enrichment[ ] ]. Ecology Letters ,2007,10(7) ;596 —607.

LIY Y(ZE#HIC) .SHAO M AR ). Degradation process and plant diversity of alfalfa grassland in North Loess Plateau of Chinal J].
Chinese Journal of Applied Ecology (W A Z244) . 2005,16(12) :2 321—2 327(in Chinese).

Ty i - AR YIRS 2R i I D iR LC/ /v R B A i AR 2. AR SRR MR E ST Y IR 5 7 1 bt s v R 2 R AL,
1994.141—165.

GOLDBERG D E,MILER T E. Effects of different resource addition on species diversity,in a annual plant community[]J]. Ecology.
1990,71.213—225.

ZHAO ZHGE D), WANG A LCEZ#%) , MA H SH( 5§ /:) , et al. Studies on dynamics monitor and sustainable development in east-
ern edge of Qinghai-Tibetan alpine grassland [[ Analysis of plant community structural features and grass species diversity[ J]. Pratacul-
tural Science (FEAVFF2#),2002,19(6) : 9—13(in Chinese).

ZHANG D Y3 K5, JIANG X H(ZH ). A hypothesis for the origin and maintenance of within-community species diversity[ ] ].
Biodiversity Science (¥ Z 1) ,1997,5(3) :2—8(in Chinese).

ZHAO CH ZHGH &) . FAN SH Y(BEIE ) . YAN C Q(EEFR 3E) et al. Study on vegetation community's structure of degraded grass-
land of noxious and miscellaneous grass type[ J]. Journal of Desert Research (W [EP{) ,2004,24(4) :507—512(in Chinese).

SUN Y(fh  Z),SHI D K fE55) , YANG Q CH(# 7 )1]). Studies the effects of the nitrogen, phosphate, potassium fertilizer and clip-
ping frequency on the Yield of Russian Wildrye Grass[J]. Acta Agrestia Sinica (FEHL24R) ,1998,6(1) :11—19(in Chinese).

B RT BRI S gt AT ML dbat: E R 2 B2 AL, 2012474 — 477,

BRYAN L F. Gross species richness in a successional grassland: Effect of Nitrogen enrichment and plant litter[ ] |. Ecology,1998,79(8) :
2 593—2 602.

LI ZH H(ZE#EA)  NIE ZH X&) . CHEN B SH([% 4% 45). Advance on nitrogen, phosphorus and kalium influence the quantity and
quality of oat[J]. Pratacultural Science (FENVFF2%),1994,11(4) :24—26,31(in Chinese).

JIANG X L(VL/NE) W ZHANG W GGk TLED , YANG ZH Y9 F2) s et al. The influence of disturbance on community structure and
plant diversity of alpine meadow[ ] ]. Acta Bot. Boreal. -Occident. Sin. (VG ALF ¥ 4R) . 2003,23(9) ;1 479—1 485(in Chinese).
GRIME ] P. Biodiversity and ecosystem function:the debate deepens[J]. Nature,1997,277:1 260—1 261.

TILMAN D,KNOPS J,WEDIN D. The influence of functional diversity and composition on ecosystem processes[ ] ]. Science,1997,277;
1 300—1 302.

LAVOREL S,DIAZ S,CORNELISSEN, et al. Plant functional types:are we getting any close to the Holy Grail[J]. Terrestrial Ecosys-
tem in a Changing World ,2007,13(2) :171—186.

HUSTON M A. Hidden treatments in ecological experiments: Re-evaluating the ecosystem function of biodiversity[J]. Oecologia,1997,
110(4) :449—460.

SUDING K N,COLLINS S L,GOUGH L,et al. Functional- and abundance-based mechanisms explain diversity loss due to N fertilization
[J]. Proceedings of the National Academy of Sciences of the United States of America ,2005,102(12) ;4 387—4 392.

2 By T e A oo S ) U B R R O X G AC RO W LD 220 < 22 M K2, 2008,

T . B v S ) R A v 45 R R T it A ROXI S G g e 1 B A (DL 22 M s 22 00 K, 2007,



