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Abstract: The study on characteristics of plant communities and their environmental factors along the environmental
gradient remains an important topic in ecological research. The Yarlung Zangbo River is one of the highest rivers on earth,
and the most important river in Tibet. There was no systematic study on the plant community of P. centrasiaticum in its
basin. In this study, 26 sampling sites were set up in the main distribution area of P. centrasiaticum from Payang Town,
Zhongba County, the source area of the Yarlung Zangbo River, to Pai Town, Milin County, the middle reaches of the
Yarlung Zangbo River to investigate the characteristics of P. cenirasiaticum communities. The results showed that (1) a total
of 119 plant species belonging to 35 families and 96 genera in the distribution area of P. centrasiaticum mainly included
Compositae, Gramineae and Leguminosae. The dominant species in these sample sites were P. centrasiaticum, Sophora
moorcroftiana, Artemisia wellbyi, Artemisia sacrorum and Orinus thoroldii. The average richness in P. centrasiaticum
communities was 22.04, ranging from 12 ( Sangri county) to 37 ( Gyantse county), and the average importance value of
P. centrasiaticum was 39.38% , ranging from 11.88% ( Sangri county) to 67.52% ( Lhatse county). (2) The average
underground biomass of 26 P. centrasiaticum communities was 3374.23 g/m’, and the percentage of the underground
biomass in the 0—10 e¢m, 10—20 cm and 20—30 cm soil layers of P. centrasiaticum communities were 60.38% , 26.36%
and 13.26% , respectively. (3) The significantly negative correlations ( P<0.01) were detected between altitude and height
of P. centrasiaticum (r=-0.60), soil pH and height of P. centrasiaticum (r=-0.53), soil pH and biomass of
P. centrasiaticum (r=-0.55). (4) Redundancy analysis ( RDA) showed that axis 1 and axis 2 explained 40.60% of the
total variance, and played a leading role in the explanation of environment—P. centrasiaticum communities. Among them,
the RDA1 axis showed a strong relationship with soil pH, precipitation, soil total nitrogen content (TNC) , soil alkaline
nitrogen content ( ANC ), soil available phosphorus content ( APC), soil organic carbon content ( SOC), and soil
moisture, which explained 23.30% of the variance. It also revealed that soil nutrient factors and precipitation influenced the
structure of the P. centrasiaticum communities. The RDA2 axis showed a strong correlation with temperature and total
phosphorus content, which explained 17.3% of the variation. (5) Cluster analysis of altitude data in distribution area of
P. centrasiaticum was conducted, and the sample sites in the upper and middle reaches of the Yarlung Zangbo River could
be divided into altitude gradient I (3008.67 m), altitude gradient II (3824.75 m), and altitude gradient III
(4419.29 m). In the three altitude gradients, the height of 4 functional groups ( Gramineae, Leguminosae, Compositae and
Weeds) were decreased with altitude, the Gramineae functional group possessed the largest height, coverage and
importance values in different altitude gradients. The species richness and percentage of underground biomass increased with
altitude. The results showed that P. centrasiaticum was widely distributed in the upper and middle reaches of Yarlung
Zangbo River Basin, and the characteristics of P. centrasiaticum communities showed strong correlation with environmental

factors.

Key Words: Pennisetum centrasiaticum; community characteristics ; altitude ; environmental factors; Yarlung Zangbo River
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Fig.1 Sampling sites of P. centrasiaticun communities in the upper and middle reaches of the Yarlung Zangbo River

T o 2 B S AT 5 IX st B P R A B A R B RE M, I R GPS X (eTrex Venture, Garmin, USA)
TSR A 68 B EE E, HARIE L4 {5 B 7E International Water Management Institute (IWMI ) 7£
SN S5 (http :// weatlas.iwmi.org/ Default.asp ) 2 B I 1 AE AR EEIE (£ 1)

1.2.2  HYRERRRAE R A

2020 4F 8—9 H  TEMEW A K RE BRI | T4 b 18 PR 7 45 A8 A J80 0 A1 1 5 1 DI, BB AL R 3 4>
50 emx50 em PHARISERE DT, PR AL RE TR N & W0 F A iR B 56 B O TRE T AR TE RO/ NHER , b A= 55 78
ARSI AW IR A 5 AR B ) o 3 2SS T BY HURE 5 N A& W AP L B3 1 E N T 65°C TR L
TREE IR TE SR R Y R SRR A YR AR T A
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x1 BEEREFAMEERSERT

Table 1 Basic information and climatic factors of each sample site

HEH 534 X % i R KoKt TR
Community distribution site Longitude Latitude Altitude/m Precipitation/ ( mm/a) Temperature/°C
iy ez 87°27'36" 29°6'1" 4024 223.63 3.35
H 89°21'42" 29°4'49" 3870 153.08 1.97
ELE R 87°44'14" 28°11'59" 4254 209.09 —1.73
EH 86°55'36" 28°42'8" 4404 174.69 0.41
i< B 88°40'18" 28°18'22" 4567 170.90 —1.03
pigiR=] 90°49'37" 29°16'30" 3549 315.27 5.60
HREE 85°18'42" 28°52'36" 4096 210.88 —3.01
s B 92°46'24" 29°4'37" 3104 284.14 1.13
AR 89°32/36" 28°57'27" 4010 221.71 3.68
M B 89°38'24" 28°46'56" 4091 251.27 —0.59
EUR V€= 87°40'43" 29°11'45" 3857 277.65 4.68
iR 93°17'59" 28°59'41" 3039 396.85 4.28
AR 94°51'44" 29°30'59" 2883 589.67 3.50
TIARIX 91°39'50" 29°15'18" 3520 266.50 4.63
AR 89°15'12" 29°26'28" 3989 248.12 4.62
JeARE 90°10'38" 29°26'16" 3763 211.17 3.00
TR AE 85°58'58" 28°11'24" 3783 289.06 —0.64
=5 89°48'51" 29°16'46" 3815 168.50 1.82
BRI 85°15'57" 29°19'13" 4423 215.75 —1.52
IRy 88°27'32" 29°10'5" 3895 262.53 4.25
FHE 91°53'45" 29°16'57" 3535 250.59 3.43
R IX 88°40'13" 29°19'32" 3818 293.99 5.14
WHE TR 88°19'14" 29°29"13" 4284 154.94 0.82
WARE 89°23'59" 28°12'59" 4460 149.36 —0.98
LR 91°21'18" 29°19'22" 3581 304.38 5.78
fp 83°44'16" 29°52'27" 4543 240.02 —1.01

1.2.3  fYTReREn% 53

FIY DI RERE S B TR BE 7 ez LY BORRAMEIEA 400 23 o ARHR B35 A5 X G A VL e Uk IX % R Ui
X TH] J AR ) o = E 43 A5 R Sy B BF 5 45 RN AR 5T Th AL D RE R R 43 I R AR B ( Gramineae ) | 5L F}
( Leguminosae ) A F}( Asteraceae) 4225 ( Weeds) .
1.2.4 M AYEE

b A I S SR A AR R DR B9 T BORE . AR A2 5 em, 1 30 em, 3 FUHIZR . T AE )
S HBORE S AR R AT, B AR T R — DN AR R T BTS2 A
0—10 em,10—20 cm,20—30 cm, FEMAZER ABELEH FRicdfinl % N, FH 80 HFfimhik 08 MR &R
FZREAAAS T FE 65 CHAE N T B E AR T E . AR E AR 2 T AR Wy i I (4% L ) 46 53 A
AU T AR
1.2.5 3500

FH R B AR 6 HEA T L SR S BBURE | B RE T SR AE 3 45 0—10 em 32+ N RE S AR 420 A %t
PO RIS AKX TG LR e 5 MR AP, s, HIERSHESH M- Ok
By, 4 pH I R pH THINAE , 488 KRR AR B2 , 38 ML (SOM ) SR FH 38 4% R 4 4L Tk
DS, T HEA A (TNC ) 2R F 58 R B —m R T AL I U | 23 (TPC) SR i R — B R VA 5 | MU (APC)
SR PR S AR S — AR BA T LU L I | U8 L (ANC) SR Y HOR I E
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1.2.6  Hfuor
R
r=S
=7 LY/ PO g R e
p=RC+RiL+ R
Shannon-Weiner 850155 .

H= - Z PInP,
Simpson 455 .
D=1- 2 P}
PRI S RS
J=H/InS

Ao S A ALy N AP SE, RC AR 55 BE , RH AR RB A A1

JH IBM SPSS Statistics 20 #4728 2 )7 227087 ( One-way ANOVA ) Fil Duncan £ 5 H 48 (8. /K 0.05) ,
FHFITBEFEFREIEY Pearson ZEPEA R E; R Canoco 4.5 FAFHEAT H B BEERFAE S REE I F Z B A9 T0AY
41 HT (Redundancy analysis, RDA) ., F Microsoft Excel 2016 X R Ga ¥4 1L B I 1 T R A 25, Bds LI
PUE+PRETRZE (Mean + SE) 2R3N

2 ZR5HH

2.1 FEG AT VL b D R S A DA IV S5 A8 2 R ) 22 RV E R AR

N B A T 3 A B L SR AR S OR AR EL IR 1 B R A X 26 AN EEHL R & L R R VE ILE S R
A 35 BL96 @It 119 fh, Hh SR Z A RAF( Gramineae ) 15 J& 16 F, AR YF . R BV
RPN ( Elymus nutans ) 55 ; 555} ( Asteraceae ) 14 J& 20 F, fCRYFP BV | A8 W LELE ( Heteropappus
hispidus ) 55 ; R Leguminosae )9 J& 12 Ft fCRYFh . W0 AW 2 B8 E (Astragalus strictus) ¥4 ( Thermopsis
lupinoides ) 5 ,

HRAEFE AR 7 vh ) b Ei B /NI o3 RV Vb v FE s AR RR ATV | 1 2 TRV AT I VD RV 5
FRHETE A R AR T e A M RN AR AR BT L2 2,

B VT A 00 AR R A XA Y BRI ST A SR LR 3, S A R RRE YR E AR
R, FHEFAR(S=12) LA EE (S=37) MR EE 2% 25 4. Shannon-Weiner $5 %0 (H ) 22 154
1.28(f~ A E ) —2.30 (KA EL) ; Simpson F8EU( D) A28 A 0.52 (FiAC B ) —0.86 (CRARE) s MR 51 BEFE ()
AEE R 0.54 (BB )—0.80(FHE ) |

XA REVE N R B TS AR M E BT S M SRR 4, AR RN 64.22 om, AR
&M 26.97 em () —96.38 em (CKARE ) ; HRF-Y 53 Bl 56.57% , ZE W& 10.33% (5 H £)—90.67%
(BEME) s R R R 250.87 ¢/m?®, A8 R K 48.77 ¢/m* (5 H B )—507.84 ¢/m*(JEARE ) ; AH I E
FE N 39.38% , A5 A 11.88% (& H H)—67.52% (FiE ) .

2.2 FEEHT AR

BREE T 0—10 em, 10—20 ¢m,20—30 cm +Z2H F AP ol it , 45 Rk 5, £ 87 0—10 cm
R R AR O R B 2 R M R A R RRAL, S B T, 0—10 em ,10—20 ¢m ,20—30 cm
+ 2R AN 1969.30 g/m?,921.77 g/m” ,483.16 g/m*Fl1 3374.23 g/m” ;%% +JZ M1 F A& &
51 60.38% ,26.36% 1 13.26%
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Table 2 The plant community type and its structure in P. centrasiaticum distribution areas

HEvE 5 TR 24! FEH WAL FD
Community code Community type Sample sites Subdominant species
BT AW ES GEH HBE LA, BEBE GEE YR AL (Erodium
I SRR 33 HRIAR FAAMK (AT B R, stephanianum) iﬁﬁfﬁﬁﬁﬁ =R ( Trikeraia
P. centrasiaticum community WO T AP TTE A R TS hookeri) VHERR EHSF (Stipa capillata) ST
KJEAR (Artemisia scoparia)
n ol et M RS D1 LA st )
A A
i %tﬁfﬁ}iana community R L% YD P
v e conmmuni i B 11
AR o573
v (l/hf‘;jfl;i%communily e H B
®3 AEFENTREYEEDRSHEEEE
Table 3 The characteristics of diversity index of plant communities in P. centrasiaticum distribution areas
T S K %ﬁﬂéfﬁ i3 Shannon-We‘iner h.%ﬁz ?impson *Eéﬁt %ﬁi@’/ﬂ;*‘ééﬂz
Community distribution site Rlchvness Shannon-Weiner index Simpson index Species evenness inex
S H D J
B E 27 1.65+0.05 0.59+0.00 0.54+0.02
S:E=3 26 1.54+0.07 0.60+0.01 0.59+0.01
ESEH 30 2.11x0.10 0.79+0.03 0.72+0.04
EHE 27 1.82+0.15 0.74+0.03 0.70+0.03
i< BB 24 2.07+0.20 0.8020.04 0.73+0.03
pile=] 25 2.21+0.09 0.83+0.01 0.78+0.01
kR 29 1.85+0.20 0.69+0.06 0.64+0.05
Jny B 18 1.95+0.08 0.81+0.01 0.76+0.01
AR 37 2.24+0.18 0.82+0.05 0.71+0.05
R 30 2.29+0.07 0.85+0.01 0.76+0.02
EiesE-Y 19 1.60 0.52 0.54
IR 16 2.03+0.01 0.84+0.00 0.80+0.01
KpkE 28 2.30+0.08 0.86+0.01 0.78+0.00
JIRIX 14 1.44+0.05 0.70+0.01 0.69+0.02
BB 16 1.39+0.11 0.63+0.04 0.62+0.03
JeAR B 21 1.78+0.07 0.76+0.01 0.70£0.01
ERIARE 23 1.72+0.09 0.73+0.05 0.70+0.04
[SYiiF=3 18 1.28+0.09 0.54+0.02 0.55+0.01
[l 8=3 17 1.93+0.04 0.79+0.01 0.72+0.00
B¥im B 15 1.48+0.18 0.64+0.06 0.66+0.04
FHHE 12 1.37+0.06 0.60+0.01 0.59+0.00
R IX 18 1.31£0.28 0.55+0.07 0.58+0.05
W] 29 1.94+0.32 0.67+0.10 0.61+0.09
WAL 21 2.05+0.10 0.83+0.01 0.77+0.02
ol 13 1.40+0.03 0.65+0.01 0.63+0.03
i 2 20 1.76+0.04 0.73+0.00 0.69+0.01

RGP A —MRET Ak
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R4 BEIESHXEWMEEDT ST

Table 4 The characteristics of diversity index of plant communities in P. centrasiaticum distribution areas

HEVE oA X 3 I e P B 35 R REL7/ Ty 1 S
Community distribution site Height/cm Coverage/ % Biomass/ ( g/m?) Importance value/%
B E 90.13+15.13 78.00+10.00 377.52+48.40 62.47+1.09
S]EE=S 67.71+3.32 85.25+1.31 402.38+6.21 61.75+0.76
B 51.25+1.43 66.00+7.02 195.36+20.79 38.96+4.89
& H B 43.82+8.03 65.00+0.58 179.40+1.59 45.83+3.35
1 B 36.80+4.62 33.67+1.86 74.07+4.08 21.91+3.06
G850 80.12+6.23 46.67+1.67 345.33+12.33 32.81+3.14
kR 48.27+7.67 80.67+2.96 245.23£9.01 52.78+5.88
ity 2 82.56+4.20 51.67+6.01 314.13+36.54 29.18+2.79
TR 61.50£5.75 50.00+10.00 222.00+44.40 33.38+7.97
HEE H 66.00+7.38 27.00+3.79 109.08+15.30 17.09+1.87
PrfcEL 38.20 88.00 228.80 67.52

iNaS 82.33+4.10 36.00+3.06 241.92+20.53 20.92+1.06
KARE: 96.38+1.38 25.00+5.00 198.00+39.60 14.06+3.61
TI7RIX 92.86+3.02 57.67+1.45 389.83+9.82 39.94+1.04
BARE: 76.80+11.07 79.33+5.21 399.84+26.24 55.61+4.12
JEARR 87.33+0.73 69.00+2.08 507.84+15.32 39.32+1.87
BhIAL 35.22+0.78 55.00+4.04 116.60+8.57 45.12+6.72
[SviiF=Y 40.20+5.49 74.3326.17 205.16+17.04 66.51+1.03
I HL 42.17+4.38 26.00+4.58 67.60+11.91 22.50+1.95
[S1IE=Y 90.27+5.66 90.67+2.96 464.21+15.17 54.89+6.36
RHHE 49.72+3.57 10.33+0.88 48.77+4.16 11.88+0.77
R IX 78.07+9.95 84.67+0.33 447.04+1.76 64.89+5.62
W] 91.33x11.67 80.50+5.50 421.82+28.82 55.18+9.65
WARE 35.131.11 22.33+1.45 50.92+3.31 14.22+1.29
L 87.60+0.53 25.00+2.89 178.00+20.55 22.10+1.14
i B 26.97£0.22 77.00£4.51 98.56+5.77 46.89+0.29

*5 BEFENHGRARLEHMTEYEREREME LI
Table 5 Underground biomass (g/m”) of different soil layers and the proportion of biomass (%) in each layer in different P. centrasiaticum
distribution areas

HT AR T AR 5 (1020 em) HT AR

& H.(20—30 em)

BEAMXE (0—10 cm) & H(0—10 em) (10—20 cm) " . (20—30 cm) ™ on of N A
Community ~ Belowground biomass ~ The proportion of ~ Belowground biomass ef il'ropo <1‘0n Belowground biomass ¢ i fUp 01‘1‘011 ¢ Belowground
distribution in0—10cm  hiomass in 0—10cm  in 10—20cm , "10“’“;(‘;5 in 20—30cm , 23"“;; biomass/
site soil layer/ soil layer/% soil layer/ m' e soil layer/ m' om (g/m?)
N : N soil layer/% ) soil layer/%

(g/m*) (g/m*) (g/m*)
e 1100.64+315.81a 63.72 433.12+122.33 25.07 193.63+62.89h 11.21 1727.39+499.71
S]iiEES 1319.75+155.59a 66.93 514.65+60.36b 26.10 137.58+71.58¢ 6.98 1971.97+240.25
T 1600.00+342.38a 63.05 621.66+90.58b 24.50 315.92+66.31b 12.45 2537.58+485.05
EHE 1793.63+16.38a 65.19 694.69+68.19b 25.25 263.27+20.66¢ 9.57 2751.59+64.52
] R 2383.01+39.94a 70.01 647.13+44.52h 19.01 373.67£72.32¢ 10.98 3403.82+23.35
TR 1900.64+206.37a 56.60 957.96+61.43b 28.53 499.36+82.84h 14.87 3357.96+336.40
HER 1467.52+189.36a 72.73 387.26+54.96b 19.19 163.06+87.07b 8.08 2017.83+310.17
PIECRS 1696.82+112.14a 61.21 587.69+124.96b 21.20 487.47+88.52h 17.59 2771.97+269.63
VLA 1284.08+75.06a 70.19 402.55+63.71b 22.01 142.68+34.68¢ 7.80 1829.30+33.93
e 1L 2145.22+538.16a 56.43 1187.26+390.37 31.23 468.79+95.46h 12.33 3801.27+1016.27
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RN RN A
i H(10—20 em) i 1 (20—30 cm)

" . —20 cm —30 cm o
BEEAMIKI (0—10em)  [H(0—10em)  (10—20 cm) . ” (20—30em) o WA
Community ~ Belowground biomass ~ The proportion of ~ Belowground biomass ef;)l'ropor‘l‘on Belowground biomass ¢ E ITOP orvlvon 0 Belowground
distribution in 0—10cm biomass in 0—10cm in 10—20cm . olglorr;l;s in 20—30cm . 21(;)md;(; biomass/
site soll layer/ soil layer/% soil layer/ mn . om soil layer/ n ; om (/m?)

) N soil layer/% ) soil layer/%
(g/m*) (g/m*) (g/m*)

P 692.99+86.92a 60.18 346.50+54.01b 30.09 112.10+38.24¢ 9.73 1151.59+156.97
RS 2542.68+135.10a 52.69 1350.32+428.78b 27.98 932.48+280.21b 19.32 4825.48+626.81
Kbkt 2741.40+257.43a 50.68 1812.31+355.01a 33.50 856.05+171.31b 15.82 5409.77+764.85
JIRIX 2150.32+269.26a 51.67 1494.69+77.52b 35.92 516.35+119.04c 12.41 4161.36+400.95
FAAME 1467.52+462.66a 61.15 636.94+129.34 26.54 295.54+84.81b 12.31 2400.00+625.16
JEAR 2680.25+470.86a 59.91 1136.31+283.36b 25.40 657.32£171.47b 14.69 4473.89+923.56
FhIA 907.01+92.14a 64.73 275.16+35.67b 19.64 219.11+31.82b 15.64 1401.27+134.82
A 636.94+60.79a 62.19 229.30+20.38b 22.39 157.96+64.92b 15.42 1024.20+91.34
BRI 1987.26+669.93a 58.12 810.19+291.96a 23.70 621.66+139.76a 18.18 3419.11£1057.76
B 1467.52+498.11a 66.72 580.89+380.00 26.41 151.17+44.26b 6.87 2199.58+864.66
FHE 3543.10+649.47a 55.78 1746.07+340.63b 27.49 1063.27+213.41b 16.74 6352.44+650.62
RURAIX 1151.59+166.00a 60.43 555.41+44.42b 29.14 198.73+39.58¢ 10.43 1905.73+176.59
BTN EES 3373.25+451.33a 55.47 1870.06+107.37b 30.75 837.37+55.92¢ 13.77 6080.68+417.10
WARE 4081.53+257.67a 54.47 2019.53+602.28b 26.95 1392.78+302.35b 18.59 7493.84+346.05
£k 223 3016.56+301.41a 55.47 1610.19+446.85b 29.61 811.89+212.19b 14.93 5438.64+414.87
B 2070.49+724.47a 54.18 1058.17+410.37a 27.69 692.99+193.56a 18.13 3821.66+1222.81

ARG SRR 15 F A0 KON IR] T2 R AR 44 2% 5 13 (P<0.05)

BREH AR BT A Wi i, A F 7493.84 o/m? A A ELH TR AW AR, S 1024.20 ¢/m?, 7E 0—

10 em +J2, WAREB AW e, b 4081.53 ¢/m”, 5 B LAY i e e i, M 72.73% 5 78 10—20 em )2,
WARBAE YR S, 0 2019.53 ¢/m”, Ty AR IX AW b ey, oM 35.92% ; 7F 20—30 em H)J2H AR BAE YA
e, o 1392.78 o/m? B B e d s, o 19.32%
2.3 HEFERERIE SRETERRAE S S EEREE N ] AR S

FIEFPEFRRIE 5 F 2 AR F A OC RN 6 in, I m B 5K (r=-0.60) , 5 & B 5 45
pH(r=-0.53) , FIEA Wi 5 14 pH(r=-0.55) 2R B EFARHLKR(P<0.01), AEGEGES 2SS (r=
0.42) R E SHA T &® (r=0.43) , AEHGESAEIRE R (r=041) , HEAEYE S LS E(r=
0.40) , I EZ A S5 MM A & (r=0.40) , AR EEEH S AV T & (r=0.46) 2 B EIEHCLER,

®6 BEMBFESIREETFHEXIN

Table 6 Correlation analysis between population characteristics of P. centrasiaticum and environmental factors
B F B S i A ) H 2
Climatic factors Height Coverage Biomass Importance value
MR Altitude -0.60** 0.21 -0.27 0.21
7Kt Soil moisture 0.25 0.17 0.16 0.14
43 PH Soil pH -0.53** -0.29 -0.55"" -0.21
AR TNC 0.13 0.36 0.21 0.39
e TPC 0.42" 0.25 0.40°* 0.20
ARG ANC 0.19 0.43" 0.29 0.40*
TR A APC -0.08 0.26 0.09 0.22
LIEAPLETS A SOC -0.17 0.41" 0.06 0.46"

# FERTE 0.05 KT (CRUI) b SEEAEIE, + o+ FIRTE 0.01 AKX - 5 2 AH ¢

TUAIIHT (RDA ) S — Rl [l 34 5 2 8o 2 Al

SRR T S WS R IR 0
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AR S R IRIE D 155 1 R R v o UL A o R SR AR A 22 18] B S 2 o 3 A AR i L 19 12 A )
(H&E WM EHEE EEE BT HEE Chenopodium foetidum JJUEAL N EEH Saussurea japonica | [ VHHL |
AU Taraxacum mongolicum “F-Z-H1 Plantago depressa . EINFLEL Oxytropis sericopetala , TEFEPE I H oV )
8 R (R R A Rt e S e RS R, DL O NIRRT (7 A SR i AR AR R R D) A
M RAE LT RDA 43047, 452 R LI 2,

il ANl 2 AR A 22 10 40.60% , TE IR BE—REVE RO MR PR 4T, JEP RDAL B 1A pH
ARSI R i R i A S R OO e AL | SR A R A S R, SRR T T
2211 23.30% , LW 3357 00 R 1 B o T o A R R R P LR R, RDA2 il S5 4R R | Al A
SRAHOCHE , B RS S 17.30% S b, FIRE 2200 A X 4 pH 5 e R IR RHIE 22 ) 2 A OG,
R B R R A AR AR AL A R B AR S

0.8
A. wellbyi
O. argentata H. hispidus
O. thoroldii
r £ nutans Soil moisture
9 _
3 A. strictus
~ Precipitation TNC
g )
a C. foetidum ANC
& SOM
T. mongolicum
P. depressa P. centrasiaticum
S. moorcroftiana
08 Temperature
-0.8 0.8

#11 RDA1 (23.30%)

B2 BEIESHRERMMHEZESHNEETH RDA HF

Fig.2 RDA ordination of environmental factors and importance value of common species in P. centrasiaticum distribution areas

2.4 HELFEAG RIS

IR 5 2 A3 A DX T R S R 5 A VTP i 26 A S EAT RIS AT B R A T b i b
DX A R X o AR B T BB TT AR BE 1L, DLIAT 3,

BREE 1 (2883—3104 m, V314K 3008.67 m) , L& s H I ELFORAR SR 3 RGBS 1T (3520 m—
4096 m,F-3JiFK 3824.75 m) AL E B R SRERAIX R ARARESE 16 A BB EE I (4254 m—4567 m, T3
MK 4419.29 m) AL EHATTH 8 HE B85 5% 7 M
2.4.1  A[EREHR AR D) BERERRAE

A TRIHE ) I e A AE AN R AR B A0 B (1) 2 B S5 b AW i AR B AN &) 4 TR, 26 SRR M AS [A] D) RE T
PR BT A RAFE(32.78 em) >TZAF(20.11 em) >EFE(17.00 em) >Z2ZEH(9.16 em) , A IIRERE I F-1Y
TN : RAR(65.50% ) >3558} (14.25% ) >TRF(11.01% ) >ZKF(9.01% ) . A IIREREF- i AR Yy i
R A  GRF(327.78 g/m* ) >ARAFE(305.15 g/m’ ) >HF}F(255.55 ¢/m*) >Z4HKH(67.23 ¢/m*) . K IEEREF
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Fig.3 Clusters of P. centrasiaticum distribution areas in the middle and upper reaches of the Yarlung Zangbo River
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Fig.4 The Characteristics of plant functional groups in different altitude gradients

ARG bR R AR R AN R A D RERE AR AE 22 50 35, AN [R)/IN'G B B A R R S RE TR AE A AN [R) A 22 57 (.35 ( P<0.05)

PG E R . RAFH(52.51% ) >3 (16.90% ) > TR (16.04% ) 245 (14.55%)
SR RARE GBS T BRI = B Y B TR TR W RRAIR (P<0.05) . RAFL DI RERE M) 55 5
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TERBIE I (70.22%) 5835 THEEE 1 (40.93%) (P<0.05) , 5848 1 (65.27% ) 22 5%/ i 25 s 5 BL U BEBE Y 36
(42.29% ) FERRRE T 35K, W38 TR 1T (8.44% ) FIAREE T (15.52%) (P<0.05) ; BRI 2428 R D RE A (1) 35
FETE 3 NIRRT 2R AR, R OIRER 0 DAY E AR 1 (1255.58 ¢/m®) W& S TR (118.42 ¢/
m?) AR I (140.38 g/m”) (P<0.05) , 42D RERE A A mAE B2 1 (178.01 g/m’) BE R FHE 1T
(42.45 g/m*) (P<0.05) , SHEE I (76.40 g/m*) ZRAEE ; SRFURAFL e R AW 3 Mgk T
ZEFARE . AR R BE AR L 1T (55.85%) S 2 I (55.58%) 22 AN .3, B35 THRE |
(27.50%) (P<0.05) ; 5PN RERE AV EAEAERRIE 1 (39.53% ) B2 TARIE I (12.47% ) FRLEE L (17.32% )
(P<0.05) ; GRMFIZ4 DI RERE A FHELMHAE 3 MR T 2R A B,

2.4.2  A[FIEFARAEYIREVE HL R A Wi 43 T

RIFERE SRS G T AR i e S
BT RAE 5 PR BEERERIORR S F e 510000 . N
L ERIN(P<0.05) , RSN T EpR G BT U
%y 89.08%, §ib % w5 T BEEE 11 (77.37%) FIBS B 1 %g’“w
(65.44%) (P<0.05) Bl I FAE MR S LB H BT 52 zzzz
BEEE T (P<0.05) % :
2.4.3  RIENERIDRETE SRR T £ HEI FoEn BRI
HEHITREYS S RE A 45 B PE 1 2 W26 7 VS AL At eradien
PiFhF= 5 BEAE 3 NGRS 22 e AN 1o 2, AR b a3 Hs5 REGHETENE S

Mo AREET (24.00) >56 | (21.44) >8P 1 (20.67), Fig.5 Percentage of underground biomass in different altitude
BEE ZREERS B (H D ) TEAR IR A A ke gy oy Bradients

BET SR M >#E I T, B T B8 KRFFE N (P< joi]j@?%%%i&?gt%ﬁﬁttﬁKlﬂ?ﬁ?ﬁ?é%ﬁ%(m
0.05) , BRI M ANSS 2 MR =R AR5

K7 ARBEHEMHEESHEEYR

Table 7 Diversity index of plant communities in different altitude gradients

EZ73 YR E Shannon-Weiner 3541 Simpson EiEE 0 YRR ) B PR HL
Altitude S H D J

BREE T Altitude gradient [ 20.67+3.71a 2.09+0.11a 0.84+0.01a 0.78+0.01a
BRBET Altitude gradient 11 21.44£1.77a 1.66+0.08b 0.67+0.03b 0.64+0.02b
BRBETT Altitude gradient I 24.00+1.85a 1.95+0.05 0.76+0.02 0.71+0.02

ARG TR R R RE T 2R OS5 .35 (P<0.05)
3 itig

3.0 GV L R A DA A D RE AL

IRERERON N2 5 R GERI RN DI RE AR SR WIRIAE , D RERE N W A xt 22 58 RO VE AT AR AR, DA
FHEIRERFELE 0 YRl ZREME S ERIF E Z R S AR S RGEIIRER G R IR ™ L TR LU REAS )
T b JBE B0 A 58 v ) o 22 RS Jm R 28 A e 5 A A8 R BT RE RN DG 2R, 1 52 4% ) 1) R Ay 17 A L 5 HL 3 i
Syt RBRE A R AN TR, AR [RURRAE G D R (9 J) a3t AR ] 0 R g SR R A
TPk DX 1 o B E o et AT T = KR 3l 4 RASRE N BB I S AR ST A S5 R A R, LA 5T
ARG AATY DI RERE -t BRI LA RS B, 7 S5 AT VA 130 26 /SRR R A S R0 R i 38 M 2
{8, ZEAE RS 5 HOC ISR A P340 270 i) T SR AR R AR K, TRERE 2 H) A A M
M AR SR SRR, Y —Fh DB R B s A 7 ) R R, 220 5 — SE D RE R PR AL SR s (] fifi 2
G 2 Y S B T AR AR R I BB R BE AR (40.93% ) , A FL D RE AR B AT MBS 4R HL v
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(36.34 cm) T2 (42.29%) A= W)HE (1255.58 ¢/m”) FIEEBHH (39.53%) . HEWFFEWRIIRARH R 25 5 1Y
REATRE S B0 T RO AN A SR 22 RASRHIACR 35 B (4R T, B A2 B/ 0 R 3 R A A5 A1
S L A S AR PR AL A A PR B — R S8 5 38 e SRR =2 1) A R LA oA S BB A S RE AR X R R AR e 1
Remg
3.2 GBI L A R I DTS A5 A L 5 PR AR

T Z I AE A T V2 S 2 AR AR T AR 25 R T S R R Bt 3 28 R a3 ST 2
(] AR B OG- 0 AL T s A A P IR 5 2 S5 R 3 7 ) 25 SR, % T e v R R R R A A LA R T
PRI HE Z2AF IR R 0E b HC 25 8] 3 A1 6 SRy BE 8% S e BR S5 X R R PN A AR A FAE A2, AL RE S BRI E 7R A )
FOREAY A G SR FER A SR B v | 32 B 2 Fh BRSSP 3R A SR, e i ORI 8 A Ay 2 P A f A
F O R AE R T R BT T A T AT SRR G R A A YR 7Y 1 AR B A
AR B AB 22 RV MR BT N 27 BB S MR R e P WORE B 907 V1 LUK IX 2 R I s
HEAEIRATY) 238 B WA A i Je L B A S A T Ui A P O R L L T L TR D54 AL
BB R B S B AR LA, 7 L BRI T2, RS PR B DA Ay L vy 2 A e o o
R, AEARSIE R, B R 3 I SRAR IR 119 A Blfe sk Bt R R e, fEE
B AR IX RASBHE YA R AR D BEAE rv i RN 55 B2 dme o, o Fe e IR AN IR 0 L3, S BUR A 0 HE
B ARSI SRR A A SBUIR TR R A, BERE T IR BRI 2 1 3 RO 1 A AR
FEL AT K AT AL AR & R SR AR TR Al R D R R R AR T
BREE L, [RI3, BREE IT A b o o BEAR TR T, 2 A 22 DX BSR4 A 4 SR (R R A3 A X 3
pH 15 H & AR S SR OG , 15 50 0 1 6 R B35 A s 398 L) % T SR ol e S % e ) 3 Y
BEFESS AR 3 pH SR IEAH D OCR  RACRL R 2 8 R AR A 80t 6 - 3¢ pH (B i Jn " 1 i 1
RO R B R A LR R R A DORA B Y B T EE BRI I >E R >BRE 1 v 2
FEMERS B AR SRS, ok 5 R I Ak e B 5 A5t R A B 4 T A I, oK 33 Shannon-Weiner
FEHL . Simpson 5 B Ff 32 2] BE 48 AL /X — SR AT

P B A XA v T, T 2 e Bl TR TR I 03 08, 7E 0—10 em 2 J2 M T A= 42 ik 3]
60.38% . FRJZ AN, W T AW R, R T TR BE AR, b SR BE 5 K B R AR AR S T
R RN R A VT 10 RO 4 T A e RO A A R 3R )2 LURIRUCE Z i i K
Sy R 57, 2R W e JEUREL ) S P IS BB A G L 7 R D T DX SRR A A T R AR D R LA
FERET Ve KA AR A0 L 53 5400 BB A M LUK T O S B0ms VE A b XA A T /N
AR A ; IR, AP A AR Y 2 A7 A AR ) S A e 4 B B ) RO A VP L3R
Sl T A DX M AR R TR TR

44 it

PA_E AR 0) A G AT TR b 3 3 DX R S A DR R PR AR TR R A T ) £, R B RS R B0 XA 119
AV JE 35 ) 96 &, K L JRHUR AW A . RDA e Hr R W FRs B SUE A RSO R e e
W SRR A AT LTS A R A OGN . BRI TR AR 4 A D RERE A o S5 K AR S L T A
Ve b= AR AR A RSB o FEE N, LA B SR S Y P RO R RO T 3Tz 0y
il & L5 RERRFE 2R, SR T BRI AR S
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