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Response characteristics of composition of plant functional groups to various
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Abstract; Alpine steppe is one of the dominant grassland types on Tibetan Plateau. It plays an important role in global
carbon cycle, nitrogen cycle, biodiversity conservation, soil and water conservation, and animal husbandry development.
This study selected five sampling plots with different degradation levels on the degraded alpine steppe in Maduo county,
Guoluo Prefecture, Qinghai Province. The composition of plant functional groups and soil physical and chemical properties
were investigated in the sampling plots. We used the multivariate analysis to analyze the relationship between plant
functional composition and soil physical and chemical properties. The results showed that; (1) with the steppe degradation
increasing, the richness and the important value of Gramineae functional group increased firstly and then decreased, but the
coverage of Gramineae functional group was decreasing. The richness, coverage and important value of forbs functional group
increased firstly and then decreased, while the important value of forbs functional group was increasing. (2) The content of
soil organic matter was decreasing with the soil depth increasing. The content of soil organic matter and total soil nitrogen

were decreasing with the steppe degradation increasing. (3) As the steppe degradation increasing, the soil bulk density,
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soil porosity at the depth of 0 — 30 cm were increasing, while the soil moisture content decreased firstly and then increased.
(4) The important value of each plant functional group was positively correlated with soil porosity and negatively correlated
with soil bulk density. Through redundancy analysis, the grassland degradation firstly affected soil physical properties and

then affected the composition of plant functional groups.

Key Words: alpine steppe; degradation gradient; plant functional groups; soil properties; multivariate analysis
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e HCyE R i L e A R R Ak B R ) B v o ) AR A T 1R R T L
FAMEHEA TR EIE I T REREE 5 H IR A B R R BT, BT, ST R AU AR IR T
TR T RIS, FEBRb 2 e K VT 8T XRIT 45 4F 75 € H R AR AR Kol 20 M I 95 6 B | g 8
b 5 B0 DL o PRI AL 5 T SR A AR i B SR T R A I Tk R T B FE R R Ak Y
F I o BEBCROR RS & B R S50 bR Ak i Ay 5 B2 R 38 SR AR I AT X 5 A B S v S R R
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A5OSR < B X T B R SR 0 1 - SRR A R E L S AR R T 4 SR R T B
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PRI, A 5% LA B8] 051X o ol v e ELAR ek 1) SR AR 55 ( Stipa purpurea) 75 FE B JFONTF ST 42 16
T A8 N 22 B AN [R]R AR 8 i) ey R e 5t AR HE - S BRA MR AR ) P BE R 2 AR AR AL, SR ] 2ok
FP 5 LA ) s € R R A i R b AR R A 7 5 3B BRI PR =2 TR YOG R | Sy vy FE L JUAE AR O e At
PR 2R

1 #R57EE

1.1 ARSI HENL

WX A T H A 32 5 (33°50" — 35°40" N .96°50" — 99°20" E) , 7B 3@ &4 BRIk A 1A
M SEBIEEARAE 4200 m DAL, 25 SR SR IES . 2 BLE T ORGP W i A AR IR -5.3—-2.4
C, A H 1 AWNEEEE N-12.6 °C, &t H 7 AR N 9.7 C, o4 3t 1Y I 761, 45 oK &
247.8 —484.8 mm, I LIS FER TN 32 AR FP A AL E S (Stipa purpurea) \ 325 3% ( Potentilla
bifurca) FKIRE (Leontopodium nanum) JE""
1.2 REsET

ARG A2 [ AR R ) (%) 3, i Xk B 5 e kb T AN [ 3B AL 2 B (A b, 4238 AL R A e 3 LA
FRICAREHL 1 BIFEHL 5, REHBTE AR R 100 m x 100 m, 7E_F 3R 5 HekE s b pEHLEEE 5 ANFEHT (50 em X
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50 cm), T 2017 4F 8 HAIHEATHIVIIE T A 5 LB . A IR AL i A AL R oo B8 | 8 B8 R A RS A AT
2 oS, BEIER AR B2 IRV 52 BE I ek (R 1)

x1 MEHEMER

Table 1 The information of sampling plots

§ s K K YRR AL AL BT
Plot No. Longitude Latitude Aliitude/m Coverage/ % O_ i © u. _) spectes 8 a.a °
height/cm Composition gradient

EALEE S Stipa purpurea
1 97°54'42"E 34°54'42"N 4320 94.00+1.14a 9.75+0.54a SR B Kobresia humilis KRtk
HIBK Poa crymophila

SAEETE Stipa purpurea
2 97°40'10"E 35°02'27"N 4305 76.00+3.27b 3.12£0.18b  FEK Poa crymophila BRIk
2222 W3 5% Potentilla multicaulis

BTG ZE Potentilla bifurca
3 97°35'33"E 35°04'09"N 4375 70.00+3.94b 3.54+0.77b  BALEF Stipa purpurea s R AL

P& Heracleumhemsleyanum

PEAA A SE Polygonum sibiricum
4 KR SE Aster flaccidus

°39'35"F °07'00" 4 44.40+6.92 1.64+0.11 " ERLE
97°39'35 35°07'00"N 369 0£6.92¢ 64£0.11c WA Loymus secalinus ( Georgi) R
Tzvel.
Yo W2 Saus 1 .
5 97°39'17"E  35°06'00"N 4390 1680:3.51d  4.00£0.32h O ENER Saussurea arenaria WAL

BN EBHG Saussurea eopygmaea

(] —F] H AN ] B9 /N RS [ Ak B ] B 2 S 42 354 ( P<0.05)

1.3 BPAMREAEURE
1.3.1 HEHYHEE A

FEREAS 50 em x 50 em FETT AR ARSI DU A B — P R0 00 555 B — P R BE AL IR 10 AR, 2 500 D H
JE s AR HRARE D Y BEDLIOARE R 30 WK i SRR — R B BLAOSR I . B KA AR AL T B W Bl s 55 3 AR
JERAINHE . MR8 FH AR T RS 20 T R R 43R 3 ST RERE ORAR} I5RORE Zu2 ) 20
1.3.2 3R

T IR DT B, EHEBOREAERE DT MR FHELAR 0 7 em A9 457351 B 0—10,10—20,20—30 cm )2
B, — 2 3 AER A A B I S E AT, Z 50t 2 mm B 3E 2 BRAR R MBR A, SR R4 T
TR AR R AT, LI TSR S K A HIER T (100 em® ) 731X 0—10,10—20,20—30 em +JZ ) -4,
B2 3 HEE , ZJaR AR AT M LR R PR PR 105 C P T B EEARTE,
1.3.3  F 20 bR KXOT ik

A ML R FH % T B S A - R AT U 5 S 5 0 VA TR TS 4 ) T - T - )
ffRE T, 2R AA3 BUESER SN /AT AN, 4B FH AR B BT bb vk | a4 O G B T ; 11
pH 5 K H pHSJ-4A % pH 32!
1.4 HdlEatr
1.4.1  DhReHFN Y RD w5 R A

DIReRE ARl = & B R T S IRERE N IR B 2 /0 3R0R . DIReRE 55 B FH A& Th e e N Al 1Y) 43 5
JEZ PN, YR EEET AN,

IV=(A+B+C)/3
A AR SR s B S ARIRURE s € S ARXS & B . DORERE B 2 (1] & DI REHEAE ) 1Y FEZ(H 2 AR
HHXF BT A AN
P =1v/ Y IV
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WAL = SALBEE - RIEARE KR

1.4.3 BRI ESAZITHT

BRI A Excel 2010 #4705 403 R A Spass 19.0 #4777 22438, F LSD 1847 £ 1 %, Canoco 4.5
BT Z2oeHi Y . ZoeHbE o Ml S RERY B SRR AR DD BERE BE R | HEP Z AR o 10 43
B, SR RDA TURHIER A i DI RERF AL S + BERILVE T R FRIER . A IEAG IR 5T R 7 XF
DI RERELLLSE 0 (1 A X F B 43 T 55 A AN PR R B 1 (0 B 00 RN Y A R Y P R
MonteCarlo FHLE (499 ¥K) *ﬁ%ﬁﬂﬁﬁﬁ@ﬁ,%)ﬂ CanocoDraw 2] RDA HEF &,

2 HREHS

2.1 RIFEERAGEREE A S BE R R IE

AT A E] 20 B} 36 J& 48 FhiEY ., RHIR AR EE (0 IR 2540 S8 A0 BT 36 I o R ) e 28
RBELAR (F 1) o X T IR RN 5 B KRB 22 28 5 (10 Wb =F 5 B 3878 v B AR AR e 38 B fie A (b
3) ., YT IUIRERERE R RACEL P BB bR A AR B A TR i S S AR (P<0.05) By, 1 % 2K B 25 B bt
AR PR B (4 i ) S S FS AR A 3 (36 2) Wl AL B R, TV R T L S e S Rk B R AR
RIS i T B 2 BRI A A A, T 2% DS A F B S 3 A R A (1 1) o TR R IR D RE A A B 2
ELABI, AR AR A SR 14 A Xof 2 2 A T S AR P e A, 1 2 24 e %) R Sk (ot 302 R o J) i 34
JnCE 1),

K2 TRBUEBENNEHFEEMSELR

Table 2 The comparison of functional group richness and coverage in the plots under different degree of degradation

I REREF- wd B2 DIRERE S IE Mo bR

R = #l & Fp Functional group richness Functional group coverage/% Above-ground
Plot  Family  Genera  Species  ARF  gERL 4B AR R 4kl Biomasy/
Gramineae Sedge Forb Gramineae Sedge Forb (g/m*)

1 6 15 17 3.00£0.00b  1.40+0.24b 12.00+£0.00b 51.93+4.43a 39.16+3.15a 30.00+4.15ab 33.00+1.86ab

2 7 12 15 2.00£0.00c  2.00£0.00a  8.80+0.58c 46.39+3.0la 4.37+1.49b 48.20+7.44a  40.10+3.38a

3 12 20 23 4.20+0.20a  1.20+0.20b  15.60+0.40a 39.50+4.96a  6.22+2.09b 35.80+8.10ab 29.44+3.90bc

4 12 16 22 4.00£0.00a  2.00£0.00a 15.20+0.37a  7.80+5.64b  2.60+1.94b 38.40+3.14ab 22.58+3.03cd

5 8 8 9 0.00+0.00d  0.00+0.00c  8.20+0.20c  0.00+0.00b  0.00+0.00b 24.20+3.97b  19.61+2.73d

(] —F) H AN ] A /NG - REACRAS [ b B ] B4 25 53 S8 354 (P <0.05)

2.2 ARERILRREE T + 3B Ak J8 AR AL ARRAiE

- g T B A 2 VR TGN, 7 S K | R A LB R Y B )2 R 0 S PR AR (P<
0.05) , AFEFJZRE,0—30 em 211 3878 TR A RE B R i i 48 i ( P<0.05) ;0—30 em )20+
S35 AL 3 A ) T . 5 PR ARG 1 A 3 ( P<0.05) 51T 0—30 em 1 J2 10 135 5 7k 1 P Bt B AL R 8
JFi] 52 SE B A B n PRI A ka4 (T 2)

FEANFLRICFREE , T 20 28 & A pH bl )2 BRSNS AR AN R, 38 MLk & i 34 bl
d 2R BERE I 2 FRAK (P<0.05) o MR 2R EE,0—30 em 42 39845 HLAK A1 4 U IR fb 2 B fn i) 52
RS (P<0.05) HFEH 4 A FTHEN ;20 280 pH FEIRAAR B IR R R — B 2B e
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Fig.1 The variation of functional group important value in the plots under different degree of degradation

2.3 AFHBACTRE R IIREfr S 1R TR R AR

XHRBRE Y 25 AR DT HE Y D RER SRR 1 3 N Bs AT Z2 o0 el i (8T 3) , 4% D RE R 22H
5 B0l LB S IEARSC I AR, 2% D AEE B B 4 Bl - S L B E A0 8 o i 8 5 % DO RE R L 2 5
A H OGRS D RERE 2L (A B L AR T A K, A% DR E 2L (E S e A U0 A L
JREIEAHE KR,

2 Monte Carlo FEALEHAGY: (3 3) , T3l TALBUE A E AP pH R4 205 xR A R D R E
BHE T 22 R IR B 7K (P<0.01) |, R3S /K | 3 Al 3 B 0 AR AR D RE AR T BE(H 7 25 /%
RERAR] 2 K- (P<0.05) 5 BRZ D[R] A8 5 2 0, PRI A B o vp E A AL, 3 pH | e Wi A - e 55
KX ARAT D) e 2 )7 22 A B A B 8 5 K P (P<0.05) o X TR BRI, LA HLTO D RERE
R TT 22RO IR B R KF (P<0.01) 5 B 25 DR A2 B2 R, 398 4l A0 0 98 35 K B X 95 R R
RERFH 2L (BT 22 M B A B L FKF (P<0.05) o X T AR R, 7K 73 X D e A T 2 (B 22 i R e K,
IR 7K (P<0.01) 5 B 25 BipIR) AR 520, 38 i) 90 F B ) BE AR E 2R )7 22 Ak R e ik i k25 K
(P<0.01) , -3 pH A1 5855 7Kt 6 90w ) D) BE AR T B 7 25 M B R 31 28 /K - (P<0.05)

R 3 IREEEFXIIHBE B A AR A 2 B0 A3 RL

Table 3 Gross and net effects of environmental variables on plant functional group

R ARAFEL Gramineae VHEL Sedge Z4ZEHE Forb
Environmental factors BARL F ERNL F BB F HEON F BB F W0 F
iﬁh/‘\/ E=N
‘i‘%%r:-’ki 0.183 5.135* 0.015 3.092* 0210 6.111" 0.016 3.626" 0.259 8.031"* 0.045 3.307"
Soil water content
i%ﬁi . 0.554 28.524** 0.002 0.568 0.646 41.930** 0.002 0.556 0.224 6.650"* 0.004 0.302
Soil bulk density
R SCFL LR
ié&ﬁi?“ﬁj“ﬁ; . 0.560 29.214** 0.003 0.426 0.633 39.635"* 0.001 0.329 0.219 6.452"* 0.008 0.568
Soil ventilation porosity
i%ﬁ*}LE 0.423 16.855** 0.027 5.664* 0.736 64.077°* 0.005 1.237 0.201 5.771** 0.030 2.228
Soil organic matter
A
i.ﬁéﬂ. 0.344 12.050** 0.009 1.923 0.697 52.879** 0.003  0.694 0.201 5790 0.048 3.536"
Soil total nitrogen
+ 4k
,,% K 0.202 5.805* 0.019 3.962* 0.387 14.547** 0.016 3.650" 0.176 4.899** 0.092 6.792""
Soil total phosphorus
44
j:.,%%%‘ﬁfﬁ . 0.152  4.118* 0.008 1.732 0.163 4466 0.001 0.242 0.162 4.441** 0.010 0.775
Soil total potassium
+ 3¢ pH Soil pH 0.355 12.651** 0.02  4.218" 0.067 1.650 0.001  0.340 0.209 6.062"* 0.061 4.526"

# FORAE 0.05 CF O EWFEARI, * « FIRTE 0.01 KF(CRUIM) b REAME;
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Fig.2 The comparison of soil physical and chemistry properties in the plots under different degree of degradation
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3 itig

3.1 HEYE R LE SRR R0 b e e T e b R AR Y ARk

A LI RETEF 2 A S A 00 B B35 PR 1728 A ) AR BT W) 30 1o ) RE I P i 20 D0 1 A 2 278 (I B
AT K, BEIRACAR BE R, ARAR} 2R R RERE Ay A 3 A ol (R 1y SR S 5 i e T i 5
JE R RRE S 535 55 B e 5 W AR S Bl g i, oA R iR = 2 R R s T4
FOEH P E RN R — R HEAEH T A & (AR T RERF AL RURRIE & AR O, B A Y A2 2
DLECAE | TR AR A B T R ) A 23l MR SR L EEERIUR . (1)t R4 CORABHRIISERL) (A
BLE Selledi 5 (2) 22 B AR S AL ALY 5K AR FAR ) LU A3 I 5 (3) RAFI RIS B4 B S 2R Y)
MR K2 IR 2GR 1 A SR G, R R AE Y e 2 A 18R AL, bl oy — AR LR AR A A AR 3G, an K 42
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Fig.3 The relationships between plant functional group and soil factor
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AOFERETY ) ARBIFSE & BR, AR A AR BE IR, 3 A WL A pH DA B A 25 3 3R A0 R A Bt 1R Fh 2 58
FEARRIRBEACI T, X T BB TR & B9 BRI 1 % - AU A B & A A8 Ak, KUk K Bl Ve R 3 s
ErE IR T L R R B R AR HOR K RS [ A AR VE 3 2 A KR B AR IR A ST LR B
105 7 VAR 5 1 el i s 610 R 10 e oo [ | 3 A T | o e M3 2 T N 1 il = L £ R T A )
AR AT RE SR TR A R & B X A R ASEIF S P S L 1 R R B R B — BUW AR AL, £
IRAb DR i - J2 TR B, e s N, i 18 5 K R LB R AR, REAR AR B R, 0—30 em
& LR REE A BRI | 5l S ALBREE R | &K i e ARG 3 N R AR A 33X & T = VLR X 1 9E
B AR b R B B A e SRR AR S B R R K 2 R, LA s 2 S EUR P 56K 43
I B RARR ) 5 5 — T 5 i YD AR A IR, ol 22 TS A 1 P X - S B P A S, o+ e s s o, 33 FL
BREEAS /N, FIREKAE AR 222 D, 3R AR 3 A B M G S i B A e v, HL R S R e R Ak A
AN B, HL R ] SRR P Aot i g
3.2 PR R A R v A R T XA A ) RE AR AL A ) 5

TP RERE 2 ELAT 1 E M) D REARIE ) — RPN VAL S R M B R IR BE R T sl AR (LR S A
BT, (i TERL AR Y DI RERE L URAE A0 I K MU KA AR B 0 A o R P A 2 R 3R A S A )
SEMR A 25 SRS - M A% S M T AR A Bt O 2 A S R IR, R R A R 2 R TR R
TR S AT SRR M B AR IR TEREE T 0 20 A o AS[RAE ) D e A R xR Ak 9 28 A — 35, B RH AN [
THREZE I (4 R %o B3 DR 772 S A O e, T RS TR R B8 IR B A A s o>

B A ) 2 REPE S 1 R EE ) ELAE — R MR e SR A S R G R X R E AL . AR
WFFE AT RERE N JEA BT XHAE R E VR 1T RDA HEFP A5 . 45 D BE A F B 15 - 58 AL B B2 19 1E A G P e
K, 5 HEA T B TR MR U — 2 0 D) BB EE I T TUA AT, R B R X — R D RE AR
HEAEAAA EER, bR A AR e - e B MR R e JE R ) I RERE R R RN =g
B S o D RE A E AL ORI N - ) B AR S RV I SR (AR, T A S B MRS T B T RE R
WAL AR R, B T A AR i AR P RS K R S B A A S AL, B R v —
PR LA 5 — SR e 2 ) A e AR P R R T 1 S s A S R B D RE AR R AR AR AR SR Sk AR
H ) eI AR R PR AR AR b b A X AL T R A B B 22 R A B M B KO (P
<0.01) , 482 -4 pH DL S 15 /K X H Jy 25 i B i ik 31 i 25 /K7 (P<0.05) |, AT BiF9E Lt /2 BIR o]
FHAE A A G Y X R I BR L5 A TR R X A2 R R ) 25 S A0 A B R AR A R v 2 S R R 37
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