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Soil stoichiometry characteristics of different vegetation types in alluvial fans of

the Lhasa River Basin
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Abstract; The alluvial fan is a precious land resource in Lhasa River Basin, and knowing its soil nutrient status is the basis
for its scientific development and utilization. In this study, ten alluvial fans in the Lhasa River Basin were selected as
sample plots, where the plant community composition was investigated and soil was collected from July to August, 2020.
The soil organic carbon (SOC), total nitrogen (TN), total phosphorus (TP) , total potassium (TK), available nitrogen
(AN) , available phosphorus ( AP) and available potassium ( AK) contents were determined by the soil samples and taken

to calculate measurement ratio. The results showed that 87 plant species were found in this research, belonging to 79 genus
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and 29 families, among which the Gramineae and Compositae plants were the majority. The average contents of SOC, TN,
TP, AN and AK were 34.38 g/kg, 2.77 g/kg, 0.39 g/kg, 130.78 mg/kg and 189.79 mg/kg respectively, which all were
showed grassland > shrubland > farmland, where SOC, TN, AN and AP were significantly different under grassland and
farmland (P<0.05). The average content of TK was 19.68 g/kg, which was showed farmland >grassland>shrubland. The
average content of AP was 3.36 mg/kg, which was showed farmland>shrubland>grassland. The average value of C :N was
12.75, which was showed farmland>shrubland>grassland. The mean values of C :P, N :P and N :K were 102.50, 8.10 and
0.16, respectively, which all were showed grassland>shrubland>farmland. Generally, P element was scarce in alluvial fan
soil. There were significant correlations between soil N :K and SOC, TN, TP, TK, AN, AP, AK, and the community
coverage was significantly correlated with SOC and TN ( P<0.01), while the Shannon-Wiener diversity index, Margalef
richness index, and Pielou evenness index showed no correlations on the SOC and TN. Additionally, Correspondence
Analysis (CCA) showed that soil nutrients and their stoichiometric ratios had significant effects on species composition of
plant communities in the alluvial fan (P=0.002) , and TP, K P, AP were the dominant factors of the composition of plant
communities. In conclusion, the species of alluvial fan plants in Lhasa River Basin were relatively abundant, but the
distribution was uneven and the composition was unstable. The contents of SOC, TN and TK were relatively high, but the C
N values were relatively low, indicating a high rate of soil organic matter mineralization and low soil fertility. Moreover, TP
and AP contents were low, the plant community of alluvial fan was limited by soil P element in the process of growth and
development. Furthermore, it was also found that soil N :K could be used as a soil ecological stoichiometric indicator to

evaluate soil nutrient status as C:N :P.

Key Words: Lhasa River Basin; alluvial fan; plant community; soil stoichiometry
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Table 1 Basic characteristics of alluvial fans

R g a4 R TR THEHE
Alluvial fans Longitude Latitude Elevation/m Area/km? Interference factors

1 90°51" 29042/ 3857 2.58 B+
2 91°10’ 29°59' 3929 1.39 B+
3 91°39’ 30°04 3934 4.41 Bl
4 91°50’ 30011’ 4479 0.42 T
5 92°08’ 30°03' 4300 0.20 B+
6 92020’ 30°07' 4413 0.09 T
7 90°45' 30°01' 4070 1.62 HiRh -+
8 90°36’ 30°11" 4525 1.26 B+ T
9 90°46' 30°20’ 4435 49.75 T

10 90°07" 30°32 4435 0.90 Ci
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Fig.1 Distribution map of study sample area
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FYAH I IC R R Duncan I 35 VEKG 55 70 B AN [ A 9 2R AR 3% o & i SOH Ak | L Z W ) 22 5% (P<
0.05) ;i i XN ZT5 2253 M1 ( Two-way ANOVA ) A5 IR FIAE B2 7 K LA B AR X 18R 73 B HAb 273t
i RS2 5 >R FH CANOCO 5.0 K F 47 MLy X4 B 43 M7 ( Canonical Correspondence Analysis, CCA) , AW Fh £

cov x100% (5)

FE B R S b AR 1, 8543 M Ak LU (A AR A i B AR i, IR 9T 38 2 S Ak 2 i X AE W B Vs 0 o 2 i
AR REFEEE . AR SR I EIMEF A Origin 2018 FT R 4.0.5 224,
2 HERG5HH

2.1 AHBEEE KRR

AT A S AT 45 R W (36 2 AR 3) , 10 DHER U 9 60 D7 32 B 87 Mt , 4rJE T 29 BH 79 J&
HApLIRABHI R YRR Z 555 BE BN 19.0% 1 13.9% , SR 17.2% 1 16.1% ., AR K&
A SR AT IS L 8 Bl WL BB KA (Scirpus validus ) FETE AR VDA ( Tripogon chinensis ) FEV% \2H B R R
( Potentilla sericea) FEY% 121 It B ( Ranunculus tanguticus ) PETE BT 138 ( Polygonum paleaceum ) FE7% | 4 fif B
( Eleusine indica ) #£7% . FRE0 5 ( Gnaphalium affine) BE% F1 5 & (Astragalus membranaceus ) FEVS | ¥ A FhZSAH X
Fu, BT 27 B 74 J8 81 b, Hirh JKALTPAEA& M REHL ) B2 H0S KA ER, 24 K T 80k K
o U BRI I R AR R K o S R A, VE AR B AL 5 A JENFP IS UR B 6 FIEAR 43 JE T 3 LS
J& , 5% /INBE ( Berberis thunbergii) + i 3|18 JE % £% ( Rosa omeiensis f. pteracantha ) BEV% . /]NBE+ 4> @& 4 ( Potentilla
fruticosa) HET& /INEE+1R LUK ( Sabina squamata ) + i A5 345 B9 7% e R 05 Ji5 32 AR 7% P 42 R MERFE VR 55, AL AR
HENE RIS /N T 50% , 2253 A0 T T0iat ) | LR, JHE REAR R 2 22 L8 35 B v (H R 2 AUA R
— P REFIAEAE . AR R IE 6 4 RAEY) T2 R B ( Hordeum vulgare var. nudum) FIIMZE ( Brassica napus) |
53 JE TARABIK A J& TR 2528 8 A NEDFI R 25 B R B 9 S A IR AL, LA A A b 55 B 7F 80%
Zidi . ARV P HEARTEYS Shannon-Wiener Z A8 5L Margalef 3= FEF5 50CF Pielou 35) B8 £ 09 ¥ (8 43
B4 1.35 1.67 1 0.54 ; FEMEE IR /N T RATE R, 705004 0.50 0.57 F110.51(3% 3) , RWIBERUH HE AR
T RV E PEAC AT IR 22
2.2 AR e R H A R L

H 2 F R4 AT 45 ) BF 52 A #.SOC | TN | TP FITK (14 - ¥4 & £ 43 il 1 34.38 ¢/kg 2.77 g/kg 0.39 g/kg Fll

http ; //www.ecologica.cn



6806 i

*2 FEVMER

Table 2 Major species information

YIF 4 Species name #} Family J& Genus YiFi % Species name #t Family J& Genus
IKZ Scirpus validus PER FEE )R HEZWEFE Potentilla sericea TR P& dr
BB Panicum bisulcatum AAF £ I35 Polygonum paleaceum R B35
FREHE Ranunculus tanguticus EEFR EHE ¥ Pennisetum centrasiaticum RAE MERR
KEE Leontopodium leontopodioides HE KGR W Sedum lineare SRR b oN
& Astragalus membranaceus TR HER KEF Stipa grandis RAR HEE
N Z B3 Potentilla chinensis TR ZBIR 2% Kalimeris indica 3R g
8 Ligularia sibirica E HER A E Eleusine indica AAR B R
LRI 4% Tibetia himalaica TR Ll S M3 Brassica napus TR P2y 9
WHLEL Lancea tibetica g R E TF#E Hordeum vulgare var. nudum RAFE KR
HlH Gentiana scabra e IR Je s JKHIF Cotoneaster multiflorus. TR i+ )&
SR Gnaphalium affine ARk i E LA Sabina squamata Jisrs [EF )&
HAEEYD A Tripogon chinensis RAF HIDE R 45 M Potentilla fruticosa TR Tk
INEETE Ceratostigma minus FAEFRE EETEE it JilUdk JE 3545 Rosa omeiensis £. pteracantha TR iR
M JE L Eragrostis pilosa AAR i /INEE Berberis thunbergii /INEER /NEEIR
HIRZERBE Potentilla supina MR ESoedH
R3 BEEMYFERHE
Table 3 Species composition characters of various plots
FE b B 27/ %ﬁ:ﬁ ﬁz]sﬁrg“ {E&\fﬂg
Plots Main species Species Grass Shrub H Ma E
numbers coverage/%  coverage/ %
i} 1 Grassland 1 Sci+Pan+Pot+Leo 26 73 — 1.90+0.12a  2.49+0.41a 0.70+0.04a
b 2 Grassland 2 Tri+Gna+Lan+Cer 13 40 — 1.54+£0.49ab  1.64+0.33bc  0.64+0.19a
b 3 Grassland 3 Poten+Sti+Erag+Sci 19 75 — 1.86+£0.19a  1.91+0.14b 0.70+0.07a
BIHh 4 Grassland 4 Sci+Trig+Pote+Tha 19 88 — 0.98+0.31cd 1.65+£0.39bc  0.38+0.10b
Wi 6 Grassland 6 Pol+Ran+Pote+Sci 19 98 — 1.75+0.31ab 1.85+0.52b 0.67+0.06a
Hith 7 Grassland 7 Tha+Ligu+Ast+Gen 11 58 — 0.50+0.16e  0.98+0.06d 0.23+0.07b
Wit 8 Grassland 8 Gna+Sci+Ast+Sed 15 53 — 1.36+£0.05bc  1.51+0.19bed  0.57+0.04a
Wi 9 Grassland 9 Gna+Sci+Ast+Kal 14 45 — 0.83+0.13de 1.20+0.36cd  0.38+0.05b
Wi 10 Grassland10 Ast+Sed+Him+Pan 20 70 — 1.40£0.15bc  1.77+0.15bc¢  0.57+0.10a
HEMAEHL 3 Shrubland 3 Ber+Rosa+Cot-Tha 47 67 55 0.72+0.21a  0.88+0.35a 0.75+0.15a
HEMFEHL 4 Shrubland 4 Ber+Pott+Rosa+Sab 29 65 55 0.78+0.38a  0.86+0.50a 0.66+0.16a
HEAFEHL 5 Shrubland 5 Rosa+Ber+Cha-Pen 36 83 49 0.88+0.17a  0.97+0.36a 0.93+0.68a
HEFEHL 7 Shrubland 7 Rosa+Ber-Tha+Gen 21 11 33 0.14+£0.24b  0.17+0.29b 0.20+0.34b
HEFEHL 9 Shrubland 9 Pott-Gen+Sci+Tha 18 47 42 0b 0b 0b
A¢H 1 Cropland 1 Hor+Bra — 87 — — — —
A¢H 2 Cropland 2 Hor — 65 — — — —
4¢3 Cropland 3 Hor — 82 — — — —
A<M 5 Cropland 5 Bra — 67 — — — —
A<M 7 Cropland 7 Bra — 87 — — — —
4<H 8 Cropland 8 Hor — 53 — — — —

Sci s K2 Scirpus validus ; Pot ; K- ZEBESE Potentilla chinensis s Ligu : %28 Ligularia sibirica ; Leo : KHLH Leontopodium leontopodioides ; Tri; FAEE VL
A% Tripogon chinensis; Gna ; RINE Gnaphalium affine;Lan : [N FHE Lancea tibetica; Cer: /N T AL Ceratostigma minus ; Gen: JEfR Gentiana scabra; Tha
£ 5T Eleusine indica; Poten : 8 BZ B Potentilla sericea; Sti: K& 3F Stipa grandis; Erag : 10 JE ¥ Eragrostis pilosa; Pote: WK Z W% Potentilla
supina ; Pol ; %19 Polygonum paleaceum;Ran : F B R Ranunculus mnguticus;/lsz;;ﬁfé‘ Astragalus membranaceus ;Kal ; B>~ Kalimeris indica; Sed :
I BE Sedum lineare ; Pen ; [1 ¥ Pennisetum centrasiaticum ; Him ; 2 Sy R HEK 148 Tibetia himalaica; Pan . % Panicum bisulcatum ; Ber : /N5E Berberis
thunbergii ; Rosa Jit FI JiS 7% Rosa omeiensis ; Cot : K] ¥ Cotoneaster multiflorus s Pott . 5> 854 Potentilla Sfruticosa ;Sab ; = AT Sabina squamata ; Hor ;
HER Hordeum vulgare; Bra:1M3¢ Brassica napus; H: Shannon-Wiener Z2 4% % Shannon-Wiener diversity index; Ma : Margalef 3= & & 1% 41 Margalef
richness index; E : Pielou ¥J 5] FEEH8 %L Pielou evenness index ; AN [R] A F B FZAE L IS B N A M) 2 HEVERRECEE AN R RE 7 2 6] 28 57 1 35 (P<0.05)
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19.68 ¢/kg, HH1 SOC TN Fl TP & A [FIAH B A T BRI b > FENS A | + 58 TK SR04 B > 5
Hi>VEM, 3 TP I TK FEAN[FAE G AL () & 22 R A B3 (P>0.05) ,SOC Fl TN 7% f 76 b A 1R 22
SR (P<0.05), 13 AN AP Fl AK B9 550510 130.78 mg/kg . 3.36 mg/kg F1 189.79 mg/kg, HiHr,
3 AN Al AK BYS B 7 SRR TR 2253 8 3% (P<0.05) , 13 AP fE AR M T 2R A8 % (P>
0.05), SOC TN AN F1TP &%) COV 431N 59% 58% 57% 1 60% ,J& T i 5 LB Ay A8 5, +3 AP S Ay
COV 73 3h 171% ,J& Tom A8 5 , R B2 ()42 S R 50K 5 4% TK & 51 COV N 17% , FEXTEL/N T AK 75 12
1) COV 2 114% , J& TR A8 55, KW + 58 K SCRAEWFIURE LS4 I3 A0 1 S (A S0 25 50K

R4 HERBELTERSRENFITELNFE

Table 4 Characteristics of soil nutrients and their stoichiometric ratio in alluvial fans

I - I
measurement ratio Variation range Mean values deviation variation/ %
SOC/ (g/kg) 10.28—109.75 34.38 20.14 59
TN/ (g/kg) 0.78—8.97 2.77 1.60 58
TP/ (&/ke) 0.04—1.27 0.39 0.23 60
TK/ (g/kg) 7.71—25.57 19.68 3.38 17
AN/ (mg/kg) 31.27—358.56 130.78 74.65 57
AP/ (mg/kg) 0.12—15.31 3.36 3.48 171
AK/ (mg/kg) 41.00—629.00 189.79 140.52 114
C:N 4.55—19.17 12.75 2.21 17
N:P 1.01—31.64 8.10 4.54 56
C:P 16.02—465.76 102.50 64.20 63
N:K 0.03—0.62 0.16 0.12 78

F#e 4 FIE 3 Al A5 WFS e 38 C =N . C :P N :P FI N :K {H4 5%/ 12.75 .8.10,102.50 F10.16, +-3EC :N
FYAME R BN A T SHEMSFE M+ C:P N :P FIl N K (HI RPN FE b >HE S I, Hop OB +88 NP 75
AR A S 7E B RN R AY(E 22 5+ 3 (P<0.05) , +3E N:P C:P FI N :K () COV 433K 56% 63% Fil
78% ,¥IJE TR AR AR S 3E C N 1Y COV N 17% A% /N, 2B C N ERFFERE AR b A K, Hi R 4
A4S, 148 C:N(12.71) Z 8| R AP 200 FER R 28 N AR AN K, 1 38 C <P N =P Fl N K FHXP R Ui
fare B ECR

4375 KA Z )Y Pearson AHOC/MHT 78 (B 5) ,SOC 5 TN TP (AN AK N :K Z [ ¥ FF7EMN 2.
FIEM KR (P<0.01) ,5 TK K P Z[AIFFAER B E W A KR (P<0.01) ,5 AP N :P B EHX
(P<0.05) , 5+ C:P BEMMAE(P<0.05) ; 14 TN 5 TP AN AP AK N :K 2 [A] S 7E 76 M Gk 25 19 1E AH ¢
KZ(P<0.01),5 TK ZEIfFEN B M A X R (P<0.01), 5 N:P BEIFEFHE(P<0.05); HIE TP 5
AN N K Z A B AEFER 0 2 M IE A G OG R (P<0.01) , 5 TK N :P K. P C:P Z[HFE7EMR B 2 M TUAH EOC R
(P<0.01),5 AP AK BFIFAR(P<0.05) ; 13 TK 5 AK BF7MAHX(P<0.05) ; 133 AN 5 AK N :K 2 [d]
PIFFAEA R E M IEAHOC G R (P<0.01) , 5 AP N :P C:P W IEAHX (P<0.05) ; 11 AP 5 N :K Z[AFF7ER
BEMIEHIEICR(P<0.01) ; +4E AK 5 N K Z[AIFFZER B 1 IEA R (P<0.01) ; +4E NP 5 +HE K.
P C:P Z AR B W IEAHDCOE R (P<0.01) , 5 N:K B IEAHIE(P<0.05) .

2.3 FHYIRFIE AR TSR MR R L Z R O R

FRETE AR EAE 505 133 Ak F i L Z 1A Y Pearson AH G0 s |, XA MiAh 25 5 SOC Fil TN %
BB IEA G (P<0.01, 3 5) ;1 Shannon-Wiener Z2FEVEFE AL Margalef = & FEFE 4L Pielou Y72 B $8 HUF Y Fh AL
Y158 + 3Ry K R AR B A OE (P>0.05,5%% 5) . CCA #F—0 R | HI3E35R 00 K AR 24 e x it AR
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Fig.2 Soil nutrient content under different vegetation types, different letters indicated significant differences in soil nutrients

NI A F B R TR A S BTE AN A B AL T AETE 3 22 57 (P<0.05)

A AR 2 ) Rl 2E R ) S 2 (P =0.002, 18] 6) AR RS T W) i 4 1l 22 Ak S 28 5519 26.9% , Forf (AT TP
K :PHI AP 3833 SRR ISR (R3S 499 W) XA M0 HEHS PrAh 2 i A8 Ak 52 i B 35 ( P<0.05) , 43l fiff F¢
TR RS T 6.2% 5.5% F1 4.1% , W]+ 33 TP K :P F1 AP 252 i it FH B M W BE v ) b 4 1738 Ak 1)
FE A SRR T,
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Fig.3 Soil ecological stoichiometry under different vegetation types, different letters indicated that there were significant differences in soil

ecological stoichiometry

AN AR R A A A T i LR AR TR R R B T A7 4 (35 25 57 (P<0.05)

RS BEWIEHSIEESAFTERPHEXXR

Table 5 Correlation between community characteristic index and soil stoichiometric ratio

RERASE
Community characteristic SOC TN TP TK C:N N:P C:P N:K
index

YIFIEL Species number -0.011 -0.002 0.153 -0.061 -0.033 0.030 0.021 0.077
5% Coverage 0.412*" 0.424"" 0.288 -0.112 0.058 0.081 0.095 0.289
H -0.207 -0.232 -0.088 0.163 0.168 -0.094 -0.055 -0.129
Ma -0.112 -0.107 0.079 -0.005 -0.034 0.004 -0.006 0.001
E -0.217 -0.224 -0.051 -0.069 0.010 -0.076 -0.062 -0.061

H - Shannon-Wiener ZH:PEFE4 Shannon-Wiener diversity index ; Ma ; Margalef FEERE Margalef richness index; E ; Pielou 5] R %L Pielou
evenness index; * * FE/RTE 0.01 22 IAH M 8.3

3 g
3.1 HEBUR LIEFRARE

BT, WERUR SOC R TN V-84 7 B 145 T3k [ - HE SOC(29.51 g/kg) Al TN(2.30 g/kg) V-3 #rfit, 7]
AT LR 3 7 A, 3 kB U 1 A OO AR ) e FEBERE SOC 1 TN B
T, XL I AL SOC TN 25 [A] 48 S i) 3 Bt PR 5 G o b AR B L 0l B 25 T2 vy, JU HR R, P 34 5 B
65% , hti & 255, AT 1338 A BILBT ) &5 ey 5 e =2l T AR R AR AR AL 1 32 A FH AL A7 RRHIR B 1)
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Fig.4 Soil ecological stoichiometry characteristics

WIS ERR AN DRI 2Bk N GO N 242 7 18 ¢ N ST R &, Ak X R AL 7E AN
i b A S R G (A B RO A A5 R BT ) AN R BIAA AR 7 A e D b DX R ) e A7 LA
T e AR, (A5 A N LR 8 i 7 T R AURR S AR SE R SOC A TN ZEAS IR 9 2K 780 R (1 7 e 35
RN RS HESA | HAERCHUAIR BT 22 53 B35 (P<0.05) , —J7 T 2 P O B 3 AR FH A 7 ) o 25
K, T3 —J5 2 R T b A A b 8 T8 BT ) 25 5 | S T AR B 2 ) (9 22 5 S8 (R 6) . T TP FEK
VAT e RE I St AL, PR HTE 3 i S A AR U R R - 88 TP S & R 0.39 g/kg, BEAIK
T4 E 13 TP & 0.52—0.78 ¢/ke, BEIRTHF L8 TP V345 & 2.8 o/ke, O FHESE PR, X FE
5+ HERE T A ERIAT 56, VB A B A R A% AR - PR AN T RIS R 4 TK 17
Pyt h 19.68 g/ kg RG4S Rk HIEFR A bR EBUE £ 1 K JTR M & RO T = AR,
JETHIXTE K A5, PR E KRR FE2G LR — Ry R K e R FERE T+
BERE I, 10T PG A X R b K GRS F R A P b X 1 58 K o0 3 XU i B 3 i AR AT
MR TK S EiE . RIS Z MBS 3R, 11 TK 5 SOC TN TP Z [ 34 S At 2 19 A OC (P<
0.01) , X 1] &S H e P rh K & mm TV K 5. 2R P50 RBUE A USR8 A L
PSS K Z AR FRReakons ™ B 3G HLBT A 19 i 23 S 30 H 384 K AR (R s B 5 K T
R IR AR, JF A 2Btk Ak

3 AN AP AK SFHAIER IR RAE - EE AL S BERE RE T 1 R AFFa bR , WAL L+ 48 AN AP T AK ()
SR R 130.78 me/kg . 3.36 mg/kg  189.79 mg/ kg, AR 4 A IR HHEM A SR HARES (K T)
WFFERE ML 4 AN F1AK & S0 FREFIKOF, AP & A FHUK T X 5 3 TP & =0 ¢, AN B9 i
N TP SN R R 2 AL 5 8 P OGRS I Bl B R IR AR I (45 4 AP B AL,
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-0.53| 0.01 | 0.27 | 0.26 . r 02
-0.54 —0.01| 025 | 0.26 ' L o
-0.33 020 0.12 | 0.18 * L oo
~0.80 —0.20| 0.22 | 0.28 ** ' Cos
~0.58| —0.25 0.19 | 0.26 | 0.96 | 0.96 | 0.67 | 0.90 & TN ' o
-0.19| —0.02| —0.03| —0.01| 0.32 | 0.32 | 0.20 | 039 | 034 AP | (%

-0.8
-0.47| —0.11| —0.37| —0.37| 0.51 | 0.52 | 0.27 | 0.52 | 0.56 | 0.29 | TP

-1.0

%6

Table 6 Effects of alluvial fans and vegetation types and their interactions on soil stoichiometry

5 TEFSEHAFITELRZEHEXXER
Fig.5 Correlations between soil nutrients and their stoichiometric ratios

#% P<0.01; * P<0.05

HERBERLB R EZEEAN T ELE T ERENRE

% Factors

WE M Significance

ek et LA TR A <L
Vegetation types Alluvial fans Vegetation typesXAlluvial fans
S0C 0.046 * 0.000 ** 0.138
TN 0.026 0.000 ** 0.310
TP 0.996 0.000 ** 0.686
TK 0.325 0.003 ** 0.551
AN 0.038 " 0.000 " 0.090
AP 0.095 0.071 0.504
AK 0.031" 0.000 ** 0.596
C:N 0.093 0.009 ** 0.020
N:P 0.025" 0.361 0.890
C:P 0.05 0.314 0.649
N:K 0.126 0.004 ** 0.655

* FRTE 0.05 HINFEN W3 5 + + FRIRTE 0.01 FI5 0w i 2

32 BERUR AR RS TR AR

AWFFE R, 3 C N {EAE T FENFIAR H A IE 3R 12.47 (12,79 F113.40 , 0§ & TR E L3 C:N 1
SEHAE 11.3853 B /NT RIS FASE E C N E 25:1, WL R SOC MW b R4 m . 3 C N [HIE&
MDA T B4 F SHE S HEHE | 3% 5 Liu A Wang"™ 75 5% 1 /85 J 2 FE L X AP FE 45 SR — 3, 1348 C =N

{EL 5 B2 i A ROAELRORS Y 1 10 o5 T RS2 1) 398 v i A R 7 8 2 Bl 0 A A BIL i O 114 4 T
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Fig.6 Canonical Correspondence Analysis between community major species and soil nutrient and their measurement ratios
A5 AR R R, 200 R BRI IR ; Sei . K2 Scirpus validus ; Pot ; 34 el 3% Potentilla chinensis ; Ligu : 5% 5 Ligularia sibirica;
Leo : KGLHE Leontopodium leontopodioides ; Tri : FHEFLYIEE Tripogon chinensis; Gna : RIN . Gnaphalium affine ; Lan . AR F Lancea tibetica ; Cer ; /)N
WAL Ceratostigma minus; Gen: JE B Gentiana scabra; Tha: 4 i 5 Eleusine indica; Poten: 48 BB ¥ Potentilla sericea; Sti: K%t 3F Stipa
grandis ;Era; ] JB 5 Eragrostis pilosa; Pote: ¥ K Z B 28 Potentilla supina; Pol; % Il ¥ Polygonum paleaceum; Ran: /& Ji & K Ranunculus
tanguticus ;Ast : 78 & Astragalus membranaceus; Kal: D% Kalimeris indica ; Sed ; ¥ 55 Sedum lineare ; Pen ; A% Pennisetum centrasiaticum ; Him ; 35
LRI (148 Tibetia himalaica; Pan: 8B Panicum bisulcatum'; Ber . /N8 Berberis thunbergii ; Rosa ; Jii 3| Uk J& 3% %% Rosa omeiensis ; Cot ; 7K ¥ T

Cotoneaster multiflorus ; Pott ; & 7&K Potentilla fruticosa ; Sab : =5 1UAH Sabina squamata

SRR FE AL | M A BT A 20 i SRl e 2 o T i) 3 P s A RO RSVE Wb LR A W o g LT BT
B3 T E /D, DR G ML 4 o el e A, AT L 38 €N Ay . MENIVE W B AT 3 £ (A A AR HE I A 4
B (L HSENRMTE AR AW , 55 b IR V5 DA RIS A R S P 5, DR i R L R b C e N
T EH, SOC F1 TN & AR AR H T 22 5 8.3 (P<0.05) (18 2) A58 X 14 C:N(12.71) fEA [ A
PR RPN BRI (8 4) X5 Cleveland I Liptzin ) 8 4088 2557 popF 5 45 B —%, 1 SOC 5
TN &5 2 [ i) 2 IR A 5E (P<0.01) , BEBR [RIAE B A% SOC A TN A B — 3k, +3 C P (HEES
RS IR FEB R F b > HE M S H B A3 50 R 122.70 ,107.90 F1 69.36, #41/N T 200, — &Kt C :P<200
BEWE HEANURAET L X5 €N (G RA—50, ¥WU0H T ARBZT SRS A LT A8 b R A
o, TS 30T R HEAR 7 A R %

HATe T bt i 28 F €N PP RBFs8 b 4% N :K {H5 SOC TN TP AN (AP,
AK M i E A C (P<0.01) , 5 118 NP B3 IEAM S (P<0.05) , 2 N K H 0] LIE N PEM SR +
BRI FE bR, THE NP B(E S A% DI SE R 56, AW gT 18 NP 7 b A S A,
ARES AR AR LM EE B DPMK D REGRHEY A 5, 13 TN TP 5 N :P [§) Pearson #1554
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M, 3% TN 5 N :P 5 5 EMIEASE (P<0.05) , 118 TP 5 N :P 4% B F A (P<0.01) , 601 3%
TP Xt N :P (MK T TN, Du Al Gao ™ ¥E 7 ik i J5 2R B 1R fh o 9% ) vy (AR 5 s, IR B 38 9 475 M
AR KRBT Z ) 158 P TR AR, AT SR 8 NP (8.10) 5 HMFFE X 14 N :P(6.60) #2ilT,
H A3 TP(0.39 o/kg) K T HAFFTIX A TP S (1.18 g/kg) , Ui WL FR S A w78 AR K & 3 2 b o 32 3]
13 P OCRMIBRE, FL L A ARWIAS R A SRR XA B BE, T N DT ) R 5 P e XA
AT LS P RG] AR g AR K R i R R A2 I HE P OnE BRI, R 2
TP BEIR ERFE RS, 13 P U R A SRR R S

®7 TEERFSARITE

Table 7 Classification standard of soil available nutrients

E73i FIT5r AN/ AP/ AK/
Abundance degree Nutrient classification (mg/kg) (mg/kg) (mg/kg)
= abundant 1 >150 >40 >200
F§=E slightly abundant 2 120—150 20—40 150—200
H1%% medium 3 90—120 10—20 100—150
Bk slightly deficient 4 60—90 5—10 50—100
Bt deficient 5 30—60 3—5 30—50
Bk extremely deficient 6 <30 <3 <30

3.3 RIS R UL R R AR R W i A AR Y S

YRS AR PR 805 H 395 0 L AR 2Z 18] 1Y Pearson AH5E 40 #1 2718, Shannon-Wiener Z2FE 1445 £
Margalef - & BEFREC S £ 13053700 SOH T U Z B EAAEAE 38 AR R R R (P>0.05) |, 3% Fll— 2622 3 (g Bl
AR—F TR S AR RPN T B R A G 5, BRI R R AR T AE 5—9 H AR TR L
HERUE R 2 R A A ) 2 REPETR BN R IR VE S5 M A ARUE NI S BUE P REVE FRAE R 20 5 11 5%
g3 BOHAR E i e 2Z TR A AH G155 5 LUK, TR s 30l A7 AR MO G O — e R B b AR EVR IO 2 FF
PEREARTT IR T W54 Z R ASARCAR B . ARBFIE R Pielou 5] BEARHL S + 1% 00 KGR L2 [l
A EMIE, X R 2EY E R SO A TR AR A ST 45 R A — B, Pielou Y5 BEREHUR
W TRV N WA AR 22 52 HUE B R/ IN 5 W i R A A G, T AS [ 400 A PR A 3% 2 1 1) 22 5 0 2% 3 0 1Y
TR EEANI] PR 45 BE (B FT B8 5 SRR e (1 3 03 R AH DG . b B AR IEVR 2 8 5 SOC R TN A I 35 1E.
FHFE(P<0.01) , BEHIFERE B it dml P A o 30 AR R AR v ZH ISR 9 L DX JE 7 S B TT R LL B 3dk 3 i 11
HIRE ) ZAE VRS ECE S A RO BURE 5 ISR Z B G R  CCA #E—28 Wow | R3S O Lot
IR A O R 5 A A 2L AR A B R MR B 3 (P =10.002)  (H U B R ANA 29.6% , Liu 250 X % 4 IR
A R AR R B v S S RN AR AT RS R A R AGUE Y C NP g
BT RETR YR B A B8 5110 80.8% , U ABR 1 T3 A 38k 2= i i K 2 Ah, - A W AR Wy i FAE ) AR
B C N P AR A YR B W R A A 22 R - B AASHIE SR CCA AR A 1% J5E A Pl e 2 1A
A VE 2 BB RS BNy TR RN SRR W T AR I i MR A AR RS X 1 4R )
B B AL PRI 2R 7 2250 #r (36 5) AR B LA ) B 19 28 St 2 368 ol - 5% 0 22 S i LB R 7R IS 2L 1) o
FEHR ST AT, CCA 4558 R, +4E TP K :P Al AP S HEBUS AW v My A 4 Y 5 22 A 25k
THEEF (P<0.05) , 7E—E R FEHIE T AR AR B AR e A K B i B b 52 3 145 P T s BRI WA

4 Lt

ARSI I 7 ] O SR A (A B A, R AL e TR %I A R A S Y - 4
FT R RE  FAARSE RANE
(1) PR RS AR A R AR X 2 6, 22O AR A, o DR B S B s 22 5 HE A/
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INBEVR I 2R 25 B 35 B S B R VR 22 s BEEAR T R IR AR S0 o 5

(2) PR K A 453880, C N K FR53 B A S /2, TP Fl AP & 30, Mg e A K R Bk it b 2
F 3 P ST RWRE], EARUEEUE SOC TN & AR F & (03 C N EAL, LA PURT L ER 5, N
T B R 9 R K, A, 23 C N [EAEARE R A T Z 8 RAFWL R, 27 A K, 15 N:K
5 SOC TN TP AN (AP AK Htl i A 5C (P<0.01) , W] N :K [6] C:N:P —#¢, d VN PEO T3 5% 4R 00
SIE N A e =g i

(3)CCA Z55R MR, 38R Akt it R XA ) A 7 2 B T d 25 (P =0.002) , i+ TP K <P il
AP JEUCBUS AP S DA AL ) 2 R A2 R N T (AR B R A 26.9% , TE AR R B IF 5T
WA IV 785375 FE 3K A3 TREE DA R i 1 S R T R RS T

(4) AR5 308 3o 18 A 7 = e 4l b A B R TR A B 28 R T 9 3R O i, e A AR S AR T R AR AR B
L B ] 3 S R AR ) - TR e AR BIR A, AR, AR RS e AR R 3R R A R i — T T, R AR
Pt ) 8 A R TR S ] B HE T Adh A= 2 AR A B 0 i ik 27 | AR 5 A3 T T I e 0 S D R SR 229 i
A AR BIBFFE R 2 msd X SR s A B 522 ST
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