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Optimal plant traits and plant functional types responsible to clipping, fertilizing and water-
ing in alpine meadow
LI Yan and ZHU Zhi-Hong"

College of Life Sciences, Shaanxi Normal University, Xi’an 710062, China

Abstract

Aims Our objective was to study vegetation dynamics and changes in ecosystem functions based on plant traits
and characteristics of plant functional types (PFTSs).

Methods A field manipulation experiment with a split-plot design was conducted in alpine meadow at the
Haibei Research Station of the Chinese Academy of Sciences from 2007 to 2011. Three clipping levels (stubbled 1
cm, 3 cm and unclipped) were used on the whole plot and subplots were treated with or without fertilizer and wa-
tering. The recursive algorithm and multivariate analysis were implemented to search for optimal trait subsets and
plant response types (PRTs), which could response to experimental treatments, and to identify plant effect types
(PETS) impacting the aboveground net primary productivity of community.

Important findings Under each of four resource conditions, i.e., unfertilized and unwatered (NFNW), fertilized
only (F), watered only (W) and fertilized and watered (FW), the optimal response trait subsets were different, i.e.,
leaf margin-plant height-leaf weight-specific leaf area, life cycle-plant height-leaf weight-specific leaf area, life
cycle-chlorophyll content-leaf surface-plant height-leaf weight-specific leaf area, and propagative organ-leaf mar-
gin-plant height, respectively. Of these responses, plant height, leaf weight and specific leaf area were more sensi-
tive to treatments than others. Under the resource conditions, we found 14 optimal PRTs and four PETs in all of
the PFTs. These PETs can explain 50.3%-86.4% of variation in productivity. The optimal PRTs and the optimal
PETs account for 70% and 20% of all PFTs. PETs account for 28.5% of PRTSs, therefore, there was partial overlap
between PETs and PRTs. These results indicate that both vegetation response to grazing disturbance and ecosys-
tem functioning changes could be accurately reflected by easily measurable plant functional traits. However, the
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optimal trait subsets and PFTs could be different depending on when the heterogeneity of resources is taken into
account. PETs are the optimal PFTs reflecting vegetation response to grazing disturbance, but also changes in

ecosystem functioning.

Key words clipping, fertilizing, functional effect type, functional response type, plant functional trait, watering

DA b b FER R A=) 22 FE V- A2 S Th e O R bt
FALLEAR K JRI B, DR R P 3= B ke A e A=
M Z RN A S TIRERN, (EALH b A5 TPk
(Hillebrand & Matthiessen, 2009), AREFE [ B
FhZ FEME AN R o £E AR S R GUKP L 2R
N, (Hooper et al., 2005). M3k T e TR 1B V% 1)
REZ AEVERE TR SE AP R A ) S RS R G e
A5 4k (Hillebrand & Matthiessen, 2009). L\ f7 VF £ 5256
WEGT3F T LA T 3iF 52 (Mokany et al., 2008; Cadotte et
al., 2009; Wacker et al., 2009).

IRBE TR 25 5 R MR I A R 1K [F] (Grime,
2006), F: A7 14 Fh £ 26 B A AL IR 9 AE AR KR
(Parsons, 1968) =k AH L4 1Y M 8 F& 1k 43 (Grime,
2006); TR IR0 TE g X oy T EU R E S, 2
14 4y Fih 4t 77 56 fp & o€ (Diamond, 1975; Pacala &
Tilman, 1994), B 7543 Mo H %8, ek~ h
(Connell, 1980). A2, 7E%FE MG 4AT (14EH
T, W) Flox 22 B PR R B R At A S (trait-
convergence assembly pattern, TCAP), Mifij5li#2 4
A ES, HIB AR AR T, Fila 58484
G UM IR 40 T AR R R S T A S AR K (trait-
divergence assembly pattern, TDAP) (Pillar et al.,
2009). Lbr b, FRHEEE ZTCAPHITDAPHI &R
&, BERRLERF DRI AL, SRR ORUEDI R LA (R4 Fil
X5 % 22 AR PG (R ) N AT AE s a IX A, L
% i TCAP 1 TDAP 2 L i 7 Ji& (1) & % (Wilson,
2007). WIRAEHIETCAPRITDAP, mihEH ~IREAR
AR B] S8 4 0 AEL A D RE AR AR A 1) 50

GER7/ Ui R INDNE QT i V) B o TR RN
(functional response trait)F1 51 H PEK (functional
effect trait) 128, Hi & 2RO LB IR B K
Az i NAHAN FE W0 R GE DI RE IR, 5 2 W) BE 2 A g
NSRS R AT RE(Diaz et al., 2001). Alifn, 1E
FHPERR (A28 1 o) il i I3 R 2E 25 R G Dh e ) A2 1k
H 2 VEH] (Suding et al., 2008). [AlIsF, TR
EORWBAE, A LA RBERR B b B AN [ (R i SR
A, PR EI 3 DR BINE,  d AN [R) P R 2

— MR EE (trait subset)l AT BEAFAEZ N IhRERL, [
— W FhR  BLAE AN [ 20 g L A (Louault et al.,
2005) . fEUtE X F, #P D fig 2 (plant functional
type, PFT)Jedit—ZLMIMLE [R]— PR EE h B 3R
Wi SOIR A IIPIR AL, BN R 8 PR R 1 1R AR 4
A AHAL i N (Pillar & Sosinski, 2003). K& 47 i 3
Ihifie 7 (plant response type, PRT) A& il /& i & 5%
Wi A= 2% 2R 48 Ll B 11 FE 4 A H 2 g 21 (plant effect
type, PET), ‘& 5PEIRE A RYITH 2 A7 K
I, DX 7r PRTAIPET R T~ 5 AL AR Wi N AN A2 25 AR 4t
DIREARAC AR ., ek, PET € ZPRT, Jx
RERWIA &, W AT 22 K0TS B AT 2 AR AR (1 i)
s

h T SEBL UL Dy ae R oy ThRe A, IFAE R
JUBE _E AU A 0 PR AR AL TR i [, Pillarss: A gl 57
T 38 A 5592 (recursive  algorithm) (Pillar & Orldci,
1993; Pillar, 1999; Pillar & Sosinski, 2003; Pillar et
al., 2009). MR IR ARIEAT AL 73 A, fEfE
0 326 L S A S PR AR A B THREARL . A LIBUF
FEUE T 5 R 1 BobE (Pillar & Sosinski, 2003;
Pillar et al., 2009) . WeiherFlIKeddy (1995)1A & it
B R g 4k ) 5 PRBE R AR QR e DL IR A A
DIRERY, AR 7TV S R IR AR o I AEke, )
MWD RERL IEFT Tk & H TR, A 9T H i
4% (Diaz & Cabido, 1997; Louault et al., 2005; Pillar
et al., 2009). {HZ HF715 B AL APRT AR /s il
% [¥y i )5 (Pillar & Sosinski, 2003; Louault et al.,
2005), AR/DFFPET R E ik LA 457 A2 R S8
REARAG . A RWFI 2 R e B IR R 1A i bk
1T (Louault et al., 2005), Jf-A2% Fed &2 A=14
AR .

A 5T I 1o 7E 5 FEHE 1 T (Kobresia humilis) &E
14 3154F (2007-20LL4F) DA F (A K B 7E3 cm.
R em). FEARCHIE . ASHEIE)RIZEK (K. Ape
ARSI, SR8 IH AN 22 Telal = o3 b, R 3
R D Re MR EAT T EAHEST, WUEER LU
AR (L) 0753 BE R AE AL V& 0 X EFE 30 A 1 458

doi: 10.3724/SP.J.1258.2013.00040



386 4 A&2Z44R Chinese Journal of Plant Ecology 2013, 37 (5): 384-396

DU AR A S A Wi I ) i I W) I A ER R A ) 1 T
B (25T SRS RGP HIGE " 1A
FIZhRERY; () 5 Wiy B i RERANAT HI D RE AL 1) o &
& SCDRR AL S AR 22 57 o

1 HREBURFARFZE

11 IREXHELR

AW FAEAL T 144 W A0 s0%E B G N T TR Rk
H G B0 R B s € A A A S R G it
GO (0 o A AT o HhERAA KR Oy 37°29'-37°45
N, 101°12'-101°23' E, #k3 200 m, -2l
—1.7 °C, fEFE/KES60 mm, %KL 4EH T6-8H,
TFEZR L 162 mme i DAL TP ORI, B
LR TN R T N ) AW T S R R
559 (ZFJLAE AR, 2004) o i B A 1 ) AR L,
FFFELLH 2 RS H R 26 H A8, 125t s Ak
KARKE, BEIRS T, WIRE DK EEYMA

BB TR B (Elymus nutans). 3 5 (Koeleria

cristata) . fH Wk £ &5 (Carex scabrirostris) il 7 £t 5
(Stipa aliena)%s . Z4E & ARG KW UK & ik 5l
S, I Ak gE, BOR LN EE,
WACRIAR, TR IR 6=, ASREW S A K
[Pt 2RO 4%, 2009) 0 sk BE TR L e TR Ay ik = 2
S S AR A RGP T AN 1.
12 WRAZE
121 Kigit

BIFFORT 1L P R0 LA [T e 12007 4F4 F i€, THIARG
km? (100 m x 60 m). XK-R A IRER T, B
M TNEFIZE /K 3Fh AL IR, AN b R AL 753N X 4,
XA I KRFETT o X REN  BEARBE, B K
BBCBCR R R, FOX B A R L em. 3
cmAI0 cm, XIEIAYp & 5 Lo A 1 v 4 L
2353 160%—70%. 45%-50%F110, X FEJ7 [ FL A4
m x 4 m &) D2 kit A (Bt HE AN AN 24N 7K 1) FiTge
IK(BLFRIK TG 2AIKE) I B, ST FE AT
i, B (DANEAEASEEAK(NFNW); (2)15EAE(F); (3)
AFEIK(W); (4)REHEAE X 5K (FW).o E X 447
AR 2 m x 2 m, ZH4PK2 m, $50.25 misy
1R LA YHRAFE#10.25 m, KR4 m x 4
M3 X EETT A BRI . X it JEAGE K AL BEAE
HIXAE T ge1.5 m x 1.5 myu [ Nk 7. X AbEE
FEJT BB LKL
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| BTN
Permanent quadrat
(0.5m X 0.5m)

[ meres
Sampling quadrat

(0.5m X 0.5 m)

I T XELL HEAERIBEK
SBTEE

0.5m

DFD i Region of clipping,

' fertilizing and

D - ! watering treatments
' (1.5mx1.5m)

__________________

BEL EIDACPAE S BB (5] A 2RSS, 2011). F, SRR,
FW, BERIAE, S8k NENW, AHEAE, A5k W, 5K,
Fig. 1 Quadrats design layout of subplot (from Li et al,
2011). F, fertilized only; FW, fertilized and watered; NFNW,
unfertilized and unwatered; W, watered only.

FEENIRILR, T-6 HrhAgkaT, XEImE 5 Y
2R F TS A I TA]— 350 RN 43 T°60 C
WEHIFT72 0, FREGT AWL). BB, 29T
5H. 677 H R AEHAT AL, AR 252.5 g-m™
(%N 20.4%), W2 —1%0.6 gm™ (%N 5.9%, P
28.0%), FEAEN. PIOBSINE )5 4 1.64 g-m Al
0.50 g-m™2. JE T W38 /K 6.7 kgm ™2, BE/K b
A B 7K D 3.6%

122 B#HSER

RSB ALBERE 7 X593 94105 m x 0.5 m
P /ANEE T, A AN b K L 52 ) P 2 A A 1 7K
AFETT, FIAR3AFETT TR 1R SR I e (1]
1). 2011481 A1y, WsE R ARETT W IR ER)
PRGBS bk, FR108AN/IMETT o ARV AL
BN T8 WFh, AR &P A E B A B, &
A 25 N R g A T PRI A o FH T X S84 A )
BUH SRR B FN180%, fE i Jx i 211 A4
AL FE (Garnier et al., 2004).

B A SN, HATHYERIE . ftille
(1) IR B A 74 5 PEPEARFIS AN 8 IR, BAT]
oy JE TR AR o RS IR B 5 IR (GR
1). IXELPEIRGE 73 0 RAE ML BB A 3 %
PR R b (P P B TR YR FH - 5 4 S e B 0]
7 (Pausas & Lavorel, 2003; Canadell et al., 2007). &
PEPER I 5 R B NS 45 P4 &)
PIRER AT o SR R e 7 A0 0 R4 R
Corelissen%s(2003) [ b #E T HAT . W e I, 7E%F
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Table 1 Preselective traits and classification states used for definition of plant functional type

LGN PORFFS MR IRAE 7 RS

Trait Trait label  Trait type Evaluated classification state

Gt of SE PETER 1, HEALHNE; 2, VERE; 3, B 4, WENR; 5, HUIR; 6, FLBE

Growth form Qualitative trait 1, erect caespitose; 2, rosette; 3, close caespitose; 4, stoloniferous; 5, mat forming; 6,
solitary

GREE ] lc SE PETER 0, dEZFA; 1, 2L

Life cycle Qualitative trait 0, not perennial; 1, perennial

RN ovp FEVETER 1, #83%;2, OG; 3, MR, 4, Y35, HarE

Organ of vegetative propagation Qualitative trait 1, rhizome; 2, absent; 3, creeping stem; 4, tuber; 5, straight stem

g2 e eg JE PR 1, RE;2, ¥H; 3, GRHEY; 4, 22K

Economic group Qualitative trait 1, Gramineae; 2, Cyperaceae; 3, Leguminosae; 4, forbs

2 TR Isc SEPETER 1, ot 2, B8, Hml

Leaf surface characteristic Qualitative trait 1, glabrous; 2, hairy; 3, needle

&% Im SEPEVER 1, &% 2, Yk 3, IREL 4, R

Leaf margin Qualitative trait 1, entire margin; 2, sawtooth; 3, deep lobed; 4, entire lobed

g Is FEPEMEIR 1, &%, 2, 908, 3, KMAIRDE, 4, 8B, 5, BIETHE; 6, BIE; 7, 81)E; 8,

Leaf shape Qualitative trait  [# 4|
1, linear; 2, ovate; 3, oblong; 4, lanceolate; 5, oblanceolate; 6, obovate; 7, swordlike;
8, broad oblong

i ph EEYER 1, <7.5; 2, =75-<16; 3, =16-<24; 4, =24-<32; 5, =32-<40; 6, =40

Plant height (cm) Quantitative trait

g E S E Ich SE B ER 1,<15;2, =15-<20; 3, =20-<30;4, =>30-<40;5, =>40-<50;6, =50

Leaf chlorophyll content (%) Quantitative trait

FALPR I TR la JE PR 1,<15;2, =15-<30; 3, =>30-<45;4, =45-<60;5, =60-<75;6, =75

Leaf area per plant (cm?) Quantitative trait

BRI Iw SE B ER 1, <50; 2, =50-<<100; 3, =100-<<200; 4, =200-<<400; 5, =400-<600; 6, =600

Leaf dry weight per plant (mg) Quantitative trait

EAUNIE A sla E TR 1,<0.2;2, =0.2-<0.4; 3, =0.4-<0.6; 4, =0.6-<0.8;5, =0.8

Specific leaf area (m*kg™) Quantitative trait

A Bl DAL BE R 3AN PIR I 5 A 7 o B AL e HOS BK F
AR A FRAEAR, THIPE S AL 3G R EH
Fra 443X (Spad502, Konica Minolta Sensing,
Tokyo, Japan) ¥l % it Fr &g 2 AH X 5 /& SR
CIDZ ] /[ JB 5T 73 23 7 H it (1) C1-203 84 T 1 50k
DG TR G 2 SRR TRTAR o K R ) 55 b T BY R
T-60 CHEF72 h, FREGHRET i, THHE Ak
| AL - [ A (specific leaf area, SLA, m2kg™). #
58 PR PR R PR AR B MR 1R S0 3k VA B
XPREANPEIRBEAT WU WRAE 7328, F T3 VA 50 1 £
37 o

IR E S5 S, K BT AT RE DT A R A 5%
TN E], IR K ARETT NN E R R E T-60 °C At
FHHET72 h, BREE(HEAW2). LUK ARETT O
E AR T s (WL + W2)1E s
W2 4 7= )7 (aboveground net primary productivity,
ANPP) (i THE .
1.23 &JFE%

3 A B R A 3 IR AR B M, B DA
RAER IR FRECEREB) . LAIM 2 R IR I HE
(FELRE W) MT LA 85578 1 7R IR i (REFEE) (1812) 03X

FLR R S HE EHAH (R4 P ORR [ 1 R 20 R ) A A
4 (Pillar & Sosinski, 2003), BI%E B AE—1T4%
AP )32 5553 25 547 (operational  taxonomic
unit, OTU); W 2 K AR 3 B0, BRBEHG
SR A1) S0 R0 it S 5 S it AL 4 3 28 % s 1R AT TR
i MEAILEAREN B OTU(E & TCAPFITDAP
o H AR R B B KAl . TCAPI H A5 8 50k p(TE),
FE TR BT R T 4 110 S 8 T 5 4 A E PR A 5
YE; TDAPIH HFRRECAp(XE.T), KRHERTIE, B
T FE VIR AR 1) E 25 B X 55 R B E 1Dl AH G 12k 5
] I} A £ TCAP A TDAP 9 B 455 2 11 H b oR 20 Ky
p(XE), AR MEXFIFEEEMIAH T . p(XE) LK,
KR PRT 5 ¥R 5% 84 2 1¥) & & 1k (congruence) i &,
PRT I T BERL Nk (Pillar, 1999). #5321t MR £
Ji, VALTCAPHITDAP ¥ p(XE)(E ik 25 Fh 4= B Tk
PR AL B PRT 5 3 S5 56 2 11 B 5 e p(D;A)E,
FORBEE R IUAR, Z BN, PRI AR
(Pillar, 1999), P ABREACHEARSE, HABPEAR P I
XPPRT 5 IREE B 5 S At i sg ma AR /N, BRIk, AR
Ta LR, X EPEARAE N PR AR i Y. F
TUAR I o
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i PER i M5
Populations  Traits Communities Environment
1 2 1 2 3
A 21 5 25 0
B 1 2 40 0 O
C 2 1 0 20 10 0 100 200
B= W= E=
D 1 4 0 10 0 4 9 14
E 1 2 0 0 20
F 11 0 0 20

B2 AL I3ZEHIEE(S| B Pillar & Sosinski Jr, 2003).
B, LAMEMRMER RHIAEE; E, AABEAR SRR R, W, LA
L AT N

Fig. 2 Three matrices involved in recursive algorithm (from
Pillar & Sosinski Jr, 2003). B, described populations by traits;
E, communities described by environmental variables; W,
communities described by species abundance.

36 A 530K I SYNCSA# A (Pillar & Sosinski
Jr, 2003), {EXEIRLEE E(RAEO 1. 3)73 At % il X
AFPALEE(NFNW. F. W, FW)BHTIZ8 . KTk
(A5 B ALHE A, #8455 7 A2 1) p(XE) fE 55 55 B
PXE)VE JEAT LU o Z A A0 A 960 2 A 41 Bt AL AL A1
1 000 K HEZ1 AN /N T S B fE 1R R 2 p ke BT, #p
< 0.05, MIE4 A% (Pillar et al., 2009), #/xk
B Lo (XE) 5 I EEBA BE HAT W AH DG E
124 BRESH

T L U SR A B F DX 4RI A HE T ) S IR
)5, K HISPSS 13.0-Classify'K-Means Cluster
Ji 0 55 A B R I S IR SR REAT R AT, 1931
AL N D RER . B KT p < 0.05.
1.25 FHE{ERAThEER

K38 5 A1 VA 77 v S7.PRT(x) 5 ANPP(y) 1] )
KAZA b AR X2 DL A A 20 1
A | DX A B P T 1, D e A R R E AL,y S A N Ak
PRRE (O BRI A= . IPRT i i 6] 2
7= A B W IGPET S RN KN, 5% 1 2
[FIPET 5 ANPPIEAT #0045 [0] 4 43 A7, #ff o P =& 110 O
R (M FREE IR

R 368 VA1 B39 R A0 (] A 7 R4 31 4 5 D) e
A ACPRTHIPET A, 40 il A i LPRT 4l i
AR T RE AL B 4 £ UL A PET (e L PRT £t (1)
B, WiEPRTSPETIES Y.
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2 SRS

21 mMHRE

X TRIE P AR BEHEAT BEALHEZ V55 (1 p(D; A)
SR, ZENFNW. F. WAIFW 4FPALBER, 55X %186
JE LA e AR B 5 M (B p (D A) 18 56 K) ) de A PR 4
Ay WS- Rk - T U E - B TR (Im-ph-lw-
sla). A= i Jo] -k - i T - B T AR (Ie-ph-Tw-
sla) A& JEH-E R IRVRFAE -1 2 3 -k -
I 5 - B i 1HT R (Ie-Isc-Ich-ph-lw-sla) F1°E 57 245
Py -2k (ovp-lm-ph), & AT p(D;A) {8 43 5
40.585. 0.715. 0.800#10.744 (p < 0.001) (¥2).
FEFEB IR PS4 ) 4197, 179, 19871188.
22 mMHEIRERERE (TCAP)FIE S (TDAP)H
EEX

PRIV b R 7 1R S DGPR3 il 55 K1) S8
HAT B 4 A (p(TE) = 0.721, p = 0.001) Fllita 5+
PE(p(XE.T) = 0.601, p = 0.001), {HHREEE_F 4Rt
JIES 155 7K Ak BELAE 5 1) e AU PR DR B A A S 53 T
Sy R e T (B p(TE) > p(XE.T)) . o VRS
IR (NFNW AR BE), 4[] 5t 57 1 2 B (o(TE) =
0.587, p = 0.002; p(XE.T) = 0.131, p = 0.192) (#3). 4
AR AR TS KN HFW > F > NFNW > W
(#3).

2.3 mARMMEITHEEE R H RS IE

BT B R AR P RS I AR 4L, X 4Fh
T IE 5 PR A B AL BV EAT SR IS0, 43 R o
HI5NPRT, H:204NPRT . AR5 FLFh A0 70 X E1 B
B BRI 3 A A (K 4), 1T 43 4R RS A, B
TNZL L ek NI PRI T R (R B) o R[NV ARHT,
L4 TR L N TR B0 R R PRT 5 0 0 A 7
N WK KR (p < 0.05), IX14PRT A
AL 1A AL PRT, H3E 5 4 PRT %
HI70% (£4).

NFNWHEK IL197 AR B, b 54NPRTIY
FHRER 40, 32, 31, 68F126, fL5 HWRh%L
SrAALT. 8. 11, 14514 (R4, #5). NFNW-PRT-(1)
(i S AR R R, DARE /N . IG5 R v L
TR A 5 R AE; NFNW-PRT-(2) Ak A, DL
B % 7 NN =11 i BT = L e AL TR ApSE S R
NFNW-PRT-(3) 4y Ll A, iy A2k, bk 45 Bl
AN AR, (R TIAR; NFNW-PRT-(4) Al
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R2 AFREALAGEKAEE T AR PR A B S rERE

Table 2 Optimal trait subsets of different trait combination under different treatments of fertilizing and watering

AbEg PHORES = BatEp(D;A) MRS S 1R
Treatment No. of trait subset  Congruence p(D;A)  Trait label and trait subset
NFNW 1 0.537 sla

2 0.572 Iw  sla

3 0.579 Im ph sla

4 0.585 Im ph Iw sla

5 0.583 Ic Im Ich ph sla

6 0.576 Ic Im Ich ph 1w sla

7 0.561 Ic Isc Im Ich ph Iw sla

8 0.544 Ic Isc Is Im Ich ph la sla

9 0.518 Ic Isc Is Im Ich ph Ila lw sla

10 0.479 Ic eg Isc Is Im Ich ph la Iw sla

11 0.427 gf Ic eg Isc Is Im Ich ph la lw sla

12 0.350 gf Ic ovp eg Isc Is Im Ich ph la Iw sla
F 1 0.566 ph

2 0.660 Iw  sla

3 0.713 ph Iw sla

4 0.715 le ph Iw sla

5 0.712 lc Ich ph Iw sla

6 0.710 Ic ovp Ich ph 1w sla

7 0.691 lc op Im Ich ph Iw sla

8 0.673 Ic owp eg Im Ich ph 1w sla

9 0.652 lc ovp eg s Im Ich ph 1w sla

10 0.629 ef lc owp eg Isc Im Ich ph Iw sla

11 0.596 ef Ic ovp eg Isc Is Im Ich ph Iw sla

12 0.516 gf Ic ovp eg Isc Is Im Ich ph la Iw sla
w 1 0.557 ph

2 0.672 Isc ph

3 0.751 Isc ph 1w

4 0.769 Isc Ich ph 1w

5 0.797 Isc Ich ph 1w sla

6 0.800 le Isc Ich ph 1w sla

7 0.778 Ic Isc Is Ich ph 1w sla

8 0.750 Ic eg Isc Is Ich ph 1w sla

9 0.691 ef Ic eg Isc Is Ich ph Iw sla

10 0.640 ef Ic eg Isc Is Im Ich ph Iw sla

11 0.573 ef lc ovp eg Isc Is Ich ph Ila lw  sla

12 0.514 gf lc ovp eg Isc Is Im Ich ph la lw sla
FW 1 0.602 Im

2 0.698 ovp ph

3 0.744 ovp Im ph

4 0.738 Ic ovp Im ph

5 0.717 Ic ovp Ich ph sla

6 0.720 Ic ovp Ich ph la sl

7 0.720 lc op Im Ich ph la sla

8 0.711 Ic ovp Is Im Ich ph la sla

9 0.688 gf lc op Im Ich ph la Iw  sla

10 0.667 ef Ic ovp Is Im Ich ph la Iw sla

11 0.644 ef Ic ovp eg Is Im Ich ph la Iw  sla

12 0.592 ef lc ovp eg Isc Is Im Ich ph la lw sla

F, {UMIE; FW, BEMEAE, X¥e/K; NFNW, NHIAE, Roek; W, 5K, HIRFFSREL. I ARREERKoD;A) KR m R IR E .
F, fertilized only; FW, fertilized and watered; NFNW, unfertilized and unwatered; W, watered only. Trait labels are the same as in Table 1. Bold fonts
represent the maximal p(D;A) and optimal response trait subsets.
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3 ANIFITEAL 5B K AL R 55X EIRS B R AT S KA SR R e LR AR S AR PRl ] 5 Sy A
Table 3 Optimal trait subsets that has maximal correlation with clipping gradient and the traits-convergence/divergence assembly
patterns under different treatments of fertilizing and watering

Qb FE AR TCAP p(TE) TCAP and TDAP TDAP g ERERIN PERUA

Treatment  Optimal traits subset p(XE) p(XE.T) Al traits Trait redundancy
p(D:4) p(XE)-p(D;A)

NFNW  Im-ph-lw-sla 0587 (p=0002) 0585 (p=0001)  0.131(p=0.192) 0.350 0.235

F Ic-ph-lw-sla 0.721(p=0001)  0.715(p=0001)  0.125(p = 0.169) 0516 0.199

w lc-Isc-Ich-ph-lw-sla ~ 0.663 (p=0.001)  0.800 (p=0.001)  0.601 (p = 0.001) 0514 0.286

FW ovp-Im-ph 0642 (p=0001) 0744 (p=0001) 0528 (p=0.005) 0.592 0.152

F, DU, FW, BEREAL, S5e7K; NFNW, ANHEIE, A5k, W, 5K, TCAP p(TE), MoRiE R @1 Hbx s % TDAP p(XE.T), HHRE
SR ) H bR ek 4L TCAP and TDAP p(XE), [l AL & TCAPHITDAPH R H AR K%L, p(D;A), BRI A H Tk MR A4 s R i
MR SR B A BRI TR T 5 Rl R L

F, fertilized only; FW, fertilized and watered; NFNW, unfertilized and unwatered; W, watered only. TCAP p(TE), objective function for
trait-convergence assembly pattern; TDAP p(XE.T), objective function for trait-divergence assembly pattern; TCAP and TDAP p(XE), objective
function including two patterns of TCAP and TDAP. p(D;A), congruence of environmental gradient with plant functional response type which consist

of all preselective traits in Table 1. Trait labels of optimal trait subsets are the same as in Table 1.

NFNW-PRT-(5) 5 A A8, [ i 4 Sealdliih, i
BREE/IN, T R A, LA T S N, S
W I, REARER DN, T A BRI,
L T2 R =1 (1 P DT T 7 s W = 5 o (T
F PRI R (R 4), IV 1 S5 0 B, Th e R
NFNW-PRT-(1). NFNW-PRT-(2)FINFNW-PRT-(3).

FHEV& IR 179 VR T 1 1 54 Wi 5 T fig 284
(RIFPER Sy 9 k32 B4, 6. 68H119, {2 MR %L
YHINA9. 21, 3. 21F15, ¥y ZaEERMI(KRS, #
5). M, F-PRT-(1)FIF-PRT-(4) % 8%, bk
/N, AR R P ARG, L AR, e
I 5 &, bl T AR AR A R /) F-PRT-(2) Fl
F-PRT-(3) A0k /b2, w7 DARK & S5 slag /. b
TR AR L TR T AR N N RFAE, S A LUK
[N B BT 18 s 3 K (AN R L TR AT S R
F-PRT-(5) 4 i ar 8, ML/, M EiE,
Ll I T AR i 7> o e D0 e B 1) g 7R 2 F-PRT-(L)
F-PRT-(4). F-PRT-(2)HIF-PRT-(3).

WHEZ AT 198N HARFP A, FL5A4N i B 1y g 24
IR RERC> ) 419, 41, 55. 69F114, 105 Hkh
oyl A13. 164 164 20F17, W ZAEAERYIGEE
4, %5). W-PRT-(1)FIW-PRT-(4) Jy B4 hn &L, i & LA
5 JCH S I P I 2 25 B e P ARl v AR DN
T b TR RAAE, 538 LA v Je il
RS S = KN £V 7 S 7 % NN (140 o R == S e AL 1}
R 28 S A . W-PRT-(2) #TW-PRT-(5) 2y 7 /b 1,
W-PRT-(2)m} Jy o], W2z &b a8, PR e REk
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BN, AR R A L AR, W-PRT-(5)M 4k 2 1%
i, RERE A RN, T R, K
I, W-PRT-(3) 4 R, DAyt ar 0 . iR

BN, R A LT B RRE . 1B
5/ . D e L35k A e B T e AL

FWHE 7 (1) 1884 P IR A T 15 1154 el I 1 g
RUFHEER B T7. 10, 67 9F124, W5 R4 Ff
Byl a1, 5. 9. 1FI3 (F£4, #5). FW-PRT-(1)
ORI, REARIE DS, ARZEEEE 2, A Ak
B, FW-PRT-(2) A/, kbR SR, 2, iy
42%%; FW-PRT-(3-5) 4 H 37 /Y, AHAREE/DN, HRZEEk
S, MR A% . SEGRR. SN
fiE 2 FW-PRT-(1) FIFW-PRT-(2)..
24 {EFThaER

BOLRIH BT BoR, A BE TS LA il
PRT [ IR b B 250 () X A2 AT A X IR B L (13
M= 1 (y) A 3 5 mi(p < 0.018%p < 0.05),
Hll: NFNW-PRT-(2) (y = 31.58 + 8.01x, R*= 0.864, n
=9, p<001). F-PRT-(3) (y = 79.83 + 8.75x, R =
0.555,n =9, p < 0.05). W-PRT-(4) (y = 75.27 — 2.04x,
R*=0.506, n = 9, p < 0.05)FIFW-PRT-(2) (y = 76.98
+5.36x, R*= 0503, n = 9, p < 0.05). ‘A 1HEZPRT,
W EPET (#5), LA by 4 i 3. 3 5 7Y 4 (1)
20%, 0 A2 HE F= 00 A% S (9 i R RE ) 7E50.3%—
86.4%.2 ], FRW-PRT-(4)4h, HAWSAPET R EEEL
IR ) R IEM SRR
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ATt L 5 e /K A HE R0 R T R TR (PRT) R A B S 78 L SRS el J £ FH 2 i 23

Table 5 Response types of plant functional response types (PRTS), typical species and plant functional effect types under different
treatments of fertilizing and watering

Qb PR FE A A R Dy RE Y o R SR J Ry ph
Treatment PRT Response type Typical species
NFNW  PRT-(1) H4InAL Increaser type  #& KL Leontopodium nanum, £%-E T Ranunculus membranaceus, i % 7 75
Anaphalis flavescens, F#%%i Aster flaccidus
PRT-(2) J/NH Decreaser type  WR{EJL Gentiana straminea, H il #i G Oxytropis kansuensis, JZ0F 4 B4 Saus-
surea superba, [ EEXE Morina chinensis
PRT-(3) HUEM Unimodal type  TEREHEAR S Elymus nutans, %% 5 Kobresia humilis, 5% Koeleria cristata, W%
W5 Carex scabrirostris
PRT-(4) Hi 377 Neutral type R AT Anaphalis flavescens, ZR4K%%i Aster flaccidus, MK 4% Gueldens-
taedtia diversifolia, —#{Z[>E Potentilla bifurca
PRT-(5) faz Y Neutral type Biih %L Anemone obtusiloba, [Fil% B4 5, Morina chinensis, & [1Z:f% 2% Pote-
ntilla nivea, Y#HiHA % Taraxacum leucanthum
F PRT-(1) NI Increaser type JAHL Koeleria cristata, %K 24% Leontopodium nanum, #77E & Ranunculus mem-
branaceus, ##i/A7& Taraxacum mongolicum
PRT-(2) J/NH Decreaser type R K%K %8 Aster flaccidus, #il Wk £ &r Carex scabrirostris, J#k £ 7L Gentiana
straminea, #2%ZERE3% Potentilla anserina
PRT-(3) Jik/NE Decreaser type  FEEEIEHRAL Elymus nutans, 4% Koeleria cristata, TR %K Poa declinata
PRT-(4) HANZAE Increaser type  HiiA#Ri%{E Anemone obtusiloba, ji/A % Taraxacum mongolicum, %% Lancea
tibetica, i E 4% Medicago archiducisnicolai
PRT-(5) Haz Y Neutral type J#iIEJL Gentiana straminea, [A# %% Morina chinensis, & XE% Saussurea
superba, #42%Z:ki3 Potentilla anserina
w PRT-(1) BNA Increaser type  MEEHPLHRE Elymus nutans, #&KZ % Leontopodium nanum, #iE & Ranunculus
membranaceus, I E£5E Carex scabrirostris
PRT-(2) J N Decreaser type i 5 AL FE /L Anemone obtusiloba, ¥ A2 % Carex scabrirostris, I A 41 fif %5
Elymus nutans, % &% Kobresia humilis
PRT-(3) g Unimodal type  BRFEJL Gentiana straminea, [& %2 %225 Morina chinensis, H i #i & Oxytropis
kansuensis, 3£l Oxytropis ochrocephala
PRT-(4) BEINA Increaser type AT Anaphalis flavescens, B4R 4% Anemone obtusiloba, 7% Lancea
tibetica, T/ [1Z:43E Potentilla nivea
PRT-(5) Jk/N Decreaser type  BR{EJL Gentiana straminea, [F%2 %55 Morina chinensis, 20X FE%j Saussurea
superba, Hili#5. Oxytropis kansuensis
FW PRT-(1) WAL Increaser type VA AT Anaphalis flavescens, HI%EEET Carex scabrirostris, TEAHILHHE Elymus
nutans, & %L Kobresia humilis
PRT-(2) J/N Decreaser type  FHIZE 80 Carex scabrirostris, MEREEGH S Elymus nutans, 5% Koeleria cristata,
MR HK Poa declinata
PRT-(3) F1 377 Neutral type FE5E Aster flaccidus, JFR{EJL Gentiana straminea, 75 Ef§ Medicago archid-
ucisnicolai, —#4Z:p:3% Potentilla bifurca
PRT-(4) faz Y Neutral type RIS A% AL Anemone obtusiloba
PRT-(5) H1 377 Neutral type [ 22 BEXS 5L Morina chinensis, & 1ZE[&3% Potentilla nivea, Wi AJE Taraxa-

cum leucanthum

F, DUBIE; FW, BEREIE He/K; NFNW, AHEIE, AGK; W, AL5EK e IIRL PR 275 AR S Ly e 284 1 () I it R St 25 56 W AN R IR 1 A 4 2

S The ..

F, fertilized only; FW, fertilized and watered; NFNW, unfertilized and unwatered; W, watered only. Bold fonts represent that the plant functional
response types are also the plant functional effect types that can significantly affect net primary productivity of different communities.

3 hgfngsit

31 ERMUEREREERGERR

AT GTEE R, FALAEVE R R F A A Wi 1 )

PERIRIDITEIR(R2), RENS S MAEVA 25 A R AL A2 4
M, R, FEAT LT s T MR
. dnPillar (1999) 7% S [ MV A M1 A4l (KB 5

e 0 PIR B BRI (2 2), X 5 2 e Y 4%
(2011 FEASE IR FE T L — PEARAR AL ORI T 4 2R —
o K28R, iR 2 YRR PR
P(OA)EEAR, VeI IR IF A BEAT Rt S LA
HEORARL A AL, YR 2, X T TCAPAI
TDAP R B AR TUAR, A DL U 7 A2 A4 1A
k. mAPPIREA S T SR e AT m S G
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W, R KN K LA A e A DG, TN
NFABPER S, p(D;A) AR AR o TEARTF, 44
ARG B 8N MR I B A AR, 4
W, BRE A LR AR S B, A5 0k 100%,
5 R0 LU TR B8 R B3, A0 A 75%, AR
SAMR A I 129k, SR <50%. UiWIFkE .
TR L P AR AR T X1 S i 8 0 % 0 A A0 B Dk
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TRAEI PR, HA B T AR, i A bR
AAE DBV A T A . BRI, S5 P B bk
LS BR AN F YR S MR 4 R B A AR AR
HERB A S

TR B b AR B PR LA VR S DL MR AR 14
SR AR I R PR T Sk (3R3), BB IR
) e e A A b B B[] 5 0 i Ak ) B S5 AH —
B, BTG 0T PH BRAA) 2 P 5 1 1B TR) A B A FH 1)
oM. HGRIE R R IR R 0 25 e N e g A
RAG B AR A AR (3). B, fENFNWRETE,
R IR T LRI AR (R i 2, G Y
a2k, 52 M, Fo WHIFWEEY% BE2 B0 5
S PR [ AR Sk, AREI T K IR AR, B
hy it AL S R ) e v, T A 5 S e R
BEKAE TR IR M 7] 1 N, 38 S 80 i (R Sk,
K B ETISFAS N, S0 3 A o 4 () R A [ R
PE(3). WL, 7K 438 ) g i T AR 3% JE
P T A0 LG T AR AAS D g SR, it IE
WS )R T ARG R i ek A R
GEF . BRI R Ll TR 6N Th fi i B bR
(#3)o THLHERTZEAK 53 Sl A2 15 | S Ty i i 7 PR A X0
Peahbh g bk Az R AN e i) R R, 3 50
55 18355y FUK 43 BRI 10 EAE X R LA AN R (3%
PTG o e FE B A 52 TR 4y BRI S, (RABCh 78
TR B K 2 BRI i B, JE— 2D A 4 A=
Ko BRI, il FH R 38 S AR bR 5 4 BRI S, HE
VIR I A s e R R A FL AR T . AT
W, A 3579 RK o3 1 AR X R4 AT M
BN, FIE A ST HAE, RedkER X E AR ) 1)
AR A AT EE 2 a0 AR K (A1) 2 bev il
RN, i DRI T R X I 4 5 DS K 2 R R A K
B A, AR 25 5] 57 43 B ] (Gao et al.,
2008) . 3X A [ it NG i [m] 4 1T e K 34 i e 1k
IS
32 MORIIhBEBIFMERIhEERIMEEE REYHM
AR ES

ARG R BN, A N D) Re AL A 4
o Y T B R (1 70%, AE B RE L by A e . ) R
RI[120%, v L N D) e L (1) 28.5% . X KA
8096 1) Wi % T fii A4 5% 71.5% 1) dee A0 i 17 1y g 7Y L g
FHREBAEREERAIE AR, FEARER R4 b3
I L= I AR . A T D) BE 2R . 2y B 2R A

SE A S PERAE T Suding5(2008) #2 H (¥ B ¥ /K 1
B UK 1 S - FH HE 42 (response-and-effect frame-
work) o A FH 2= mig i 2B 1K) 9 5 B R F0AZ 1 AR ) e
FFNEEE, FEVROT EREE PN (17w AR T 5 0
AL A R TER, A LrRA—E B
AERRGERE, MR DR RO T 58 SRR FA
ftEAEAH I PEIR (Grime, 2006). FITLA, BESE M ZAHESS
(1) 3 PR 3 AL A A3k 3] B Y R R A R g KPR R
Z (A AT, B3R #4978 (acquisitive  type) A AR £ 7
(conservative type) [8] [FJ 15 (Grime et al., 1997;
Diaz et al., 2004; Wright & Jones, 2004). AHf5¢H
NWNF. F. WHIFWZAE T BARRE ] Zh RER AR H
o B Ry g A 2 S B AR I T X R B AR A - TR
FF 8 BT A SR, DS R 97N 2B (NFNW-PRT-(2) |
F-PRT-(3) MIFW-PRT-(2)) 5 A 7= Jy iE A 5<, 1y 484 0
R(W-PRT-(4)) 54277 1 A 9% (K4, #5).

FET AP D Re IR K 73 D R 2 32 B fE 1) e M
RS PR R AR PR R AR IR R L A
RO A A . SAEGEREE T AR5 D Re AT L,
BV R R LA R Dy Re A R, AR EPRIR
0] AR A [R] (S e 8 o g n, A8 A HE 5T 11
NFNWHERS, 18 57 77 (Anaphalis flavescens) 12k
% (Aster flaccidus) st [l I 7775 T34 in AL b 7. ¢
Dhgedtrh, FEWEEVR, AR i 2 ROR v 22 A ()
IAAAE T3 AL R/ > R D e B v (R4, 3R5). 44
ARt TR S AN R 25 B A B T 54
W N DR T PRR AR AR X BB LA
XA AR AL, AL G e AR A A IR OK 22 e (R4,
#5)o XM INRE RN 53 J7VE B FAAE T e A IS AR
W) 1y fie VIR RN ) b 7K ~F-AE 5 v 465 48 R0 1) g 1 A
4.

AHHEFUH, BEAS AL FEFEVE P e Y. D g B A
DIRe B PR IR A A 7], AR PRIRAE sl RS . )
P SR AL 22 5, AN EE BR T R4
JRANIE B, A i A D Re B P MR ME . P04
M A 2 e N, FENFNWEER, R4
hy S -k - R - B TR (Im-ph-w-sla), {5
Wi N If fig B (NFNW-PRT-(1)) 1 7F I o) fg A
(NFNW-PRT-(2)) F1 1 R AE 22 S AR K, Wi S A5 4 )
G B Ak N Y (K4, K5), BLE IR )
HATHIS, HALYRhAE e A AR (K5) . EFRETR, M
REH A A8 3 A - v - 1 o - B T RR (Ie-ph-
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Iw-sla), 45 3 1) fig 284 (F-PRT-(2)) FAE H 2h fig 22
(F-PRT-(3)) iy mi AR 350 Ay N R, AE AR vy
FOAEC AR AR, HAR )l 21803, it
RYIFEASE AT R (4, 3K5).

IREAAAE PR 22 e, AFURH [ ey S A5 ) Dl g 2
58R BAT —SE 3L [RIRRAE . 3% 0 28 oy 9SS (1) D e 28Y
(WINFNW-PRT-(1). F-PRT-(1). F-PRT-(4). W-PRT-
(1)« W-PRT-(4) FIFW-PRT-(1)) # H A HARE N,
TR A I T AR R 55 I 2R P 2R APl A P
IR (64, #5), 5 DiazflCabido (2001). Louault®%
(2005). B 17 54 55 (2009) A1 Zhu 55 (2012) A AF 5T &5 R
Lo FEMEAR AR I M9 0 AN B HRI ) 15 | i
A0 T B e ZDRE B AL IR = N ICE
B X 2% 28 B, e A A 3% £ (Anemone
obtusiloba). =5 42k % (Potentilla nivea). %%k %%
%1 (Leontopodium nanum) I & K (Ranunculus
membranaceus)“§ (3£5) .

93 /> 78 e A S 34N 1 H D fig B8 NFNW-
PRT-(2). F-PRT-(3)MIFW-PRT-(2), A7 Rk K
Mot RIS RAIE (64, K5). BT
PRER, JESEdREJT R, TEANIFIRE B b i3k
4). Louault55(2005) KRt o, TR I A4
HAMF R s BRI PR Y . X RAE
HDyReRL AL A gD, 30 k8. 3H15, 2 LA
it I i P RS [ 155 00 PR vy DR R AN A 4 A
TR fE OB R ) 55 I AR 4 (Saussurea
superba) &5 A AR MDY T, HARMPRE S L E
WI A= ) BAEAH R (4, 3K5). 1EARSLIOA Hu 1L
BT (A S, 2011; ZRIRNI4E, 2011)K 81, it
NEBEAL 5 R AR AR ) S fid] it XL~ - HE A2 ) T
RT3 D I | M5 e) N =46 o8 S (SN E E R RPN/ /- E /4
D, PIRh 2R R L DR, R IR 1 )
A 2 PR B R, ARATS AN 2 AR A 5
BN JJBEAG . ASBIFZT A T2 2R R i B Dy i
A 45 F-PRT-(2)» W-PRT-(2) FTW-PRT-(5), t% Ll
FARRROR S I R Peh R O R IE (R4, &
5), 5 HAhAF T 45 K (Lovault et al., 2005; Zhu et al.,
2012)#H[F] .

Ty, g A e AR K1 D g B NFNW-PRT-
(3)MIW-PRT-(3) AT It Jr 2. W/ ol &5 v 52
WA BT P TRVIRAE R IR (R4, K5), BA
—JE [P REBORI AP o 1% D) REZLAN tH I AENFNW AT
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WHEVE i, I 3 8 4 b 7 NFNW-PRT-(3) 2y 3 Fe 43¢
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