55 44 55 9 1] S & 7 i Vol.44,No.9
2024 4F 5 H ACTA ECOLOGICA SINICA May,2024

DOI: 10.20103/j.stxb.202305151023

A ORI - DRI SRR A I, XU, EARRE. SRR AR ) A S A A T R AR ) A R A% R B G I TR 3R A A AR, 2024, 44 (9) -
3660-3675.
Mao J, Qimanguli Palati, Qiao F S, Hu L, Liu D, Wang C T.Spatial patterns and driving factors of plants’ ecological stoichiometric characteristics in the
alpine meadow of western Sichuan Province.Acta Ecologica Sinica,2024,44(9) :3660-3675.

SEEAEYESKSTERENTERERESM

£ HZFm - et e, F,x A, EKET
RSB, WS 610225

=
Fr
A
=
S
4k -
i \
it ’
:[E

FE AWK (C) A (N) B (P) Frim BILA S bR e TR P AL IS R, R, H TSR [RIAE ) T fg
QAT C NP B B A 3 At 5 U DA VRO 1 AR AR NS A 7675 9 = R AR B 4 i FE A IR B T 60 MAE A,
SIANFDIRERE (RAE WER GRMAEE) C NP S E RS (R IFERHRHE (3300—3500 m,
3500—3700 m,3700—3900 m ,3900—4100 m 1 4100—4300 m) FYASfL LA K H OGRS R F b AT 98, SRR . 1) A
YWIIRERE B — W AE ST HE N AR M, S TIRERE C & ik, WRBPAIGR N &, RAR IR mZe2i L P ik, DIk
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Spatial patterns and driving factors of plants’ ecological stoichiometric

characteristics in the alpine meadow of western Sichuan Province

MAO Jun, Qimanguli PALATI, QIAO Fusheng, HU Lei, LIU Dan, WANG Changting "
Institute of Qinghai—Tibetan Plateaw, Southwest Minzu University, Chengdu 610225, China

Abstract: Plant carbon (C), nitrogen (N), phosphorus (P) contents and their ecological stoichiometric ratios can reflect
their adaptive characteristics under environmental changes. However, it is still unclear on the adaptive mechanisms of C, N
and P stoichiometric characteristics in different plant functional groups under the change of elevation gradients. Therefore,
sixty sites were selected from an alpine meadow in the western Sichuan Province to explore the variation of plant C, N, P
contents and their ecological stoichiometric ratios ( mass ratio) in different functional groups ( grass, sedge, legume and
forbs) and the key driving factors along five altitude gradients (3300—3500 m, 3500—3700 m, 3700—3900 m, 3900—
4100 m and 4100—4300 m). The results showed that; 1) The alpine plants exhibited certain stoichiometric homeostasis
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different altitudes did not significantly (P > 0.05) affect the C contents in different plant functional groups, N contents of
sedge and legume, P contents of grass, sedge and legume, as well as C:P and N:P in different functional groups except
C:P of sedge. 2) Grass and forbs could adapt the alpine environment by increasing their nitrogen content with the altitude
increasing. The P contents of legumes were lower at 4100—4300 m than 3700—3900 m ( P<0.05), probably due to the
decline of mean annual precipitation in high altitude. 3) Generally, the C:N of the four plant functional groups showed
decreasing trend with the increase of altitude, which indicated that the increase of elevations led to a decrease in plant N
use efficiency. Additionally, the N:P ratio of each plant functional group was more than 16, suggesting that plant growth
was limited by P. 4) Compared with the other functional groups, legume showed higher N contents and N:P, but lower C
contents and C:N. 5) Based on the redundancy analysis (RDA) and structural equation model (SEM) , the contents of C,
N, P, and their ecological stoichiometric ratios in different plant functional groups were regulated by the mean annual
temperature and precipitation, which were then jointly influenced by altitude and latitude. In conclusion, plants exhibited
the ecological adaptation strategies of increasing, decreasing, or maintaining the stability of their own C, N, P contents and
their ecological stoichiometric ratios along the altitude gradient. These differences varied with different plant functional
groups. Therefore, when constructing biogeochemical models of plant C, N, P, it is necessary to consider the differences in

plant ecological adaptation strategies along the altitude gradient.
Key Words: different altitude gradient; ecological stoichiometry; plant functional group; alpine meadow; spatial pattern
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SRR LL 2 > b B A 7 AR TG O B R B, L K AR A S st LU AR AR B AR B, [FIF IR B C
BHE KRR AL Y Z ARV S BB TRE Y DRI, TR A DA oo S A A A o e A A P 17 SR LA e
ANFDIREREZ ) C N P AN AT i 22 5, I @27 B 255 IO B OR300 F1 A BEARE S X F 49
e I X A A e A 2 X ARPEAT I 20 B Ao TR M LAY C N P & &t LA B # 1T
i AR A B AN 2 P M HLAS D RE A AR 500 W MR SRS 1 25 57, A SR 7 75 76K = i AR B 4 1 FE R ) R B 60 A
M H R E(3300—3500 m ., 3500—3700 m,3700—3900 m,3900—4100 m Al 4100—4300 m)
4 PRI IIRERE (RAEL VRl GRVIZALEE) C N P & M HA S Ay AR L, 45 A5 X e
R (G268 B ) AUENT (PR FAERK ) DU A LRRE (%3 & /K%M pH, C NP
T NIE) , BTERV: 1) Y C N P & LR SR T U R RT3 FUAS [RIAE ) D B 2 o)
2550 2) SR FEIFEYIDIRERFAY C N P & A B = b F LR 247 3) LR XA
[FDIHeRE C N P & i S HAE B 2= LU iR R R A A IRRERA T T DI REREC NP X 1fg
PR 1 5 2SR A L], A m RS REMEY Z A S RE Z T Re R H gt it
WA

1 #efnrE

1.1 RS XS A
AT XA T 9 e SR 2R ma o, A48 DU ) 1| 48 BT 300580 0 92 1 TR N 21 S BT 3 R e A L DL H

http ; //www.ecologica.cn



9 1) BA A e A A A TR RAE A 25 [ A% SR B HE i A 3R 3663

BOBG FA NG H A ES EFAEES, 329 4~ H (97.88—103.20°E, 30.72—36.10°N; Kl 1), KA
ik 3303—4334 m, BFFE XM SR T FETRAN R R 2R U A, AR I B R U KA TR 0 A 4
ZUR A ) ERAS-Land B4, 195 1X 9 ANH 2019 F12020 4F4EFSIR (MAT) fE-5.41—1.00°C Z 7], 4F
K& (MAP) 7E 793.26—1338.91 mm 28] (K1),

08° 99° 100° 101° 102° 103°E
Z z
S 3
=t =
0 100 km SRR T ER
| S |
08° 99° 100° 101° 102° 103°E
1400 - 5
4L
A
1200 b 4 T
T A 1 3
I T
g 1000 1 B 2r
£ B I $
E [ ! s 1f A
I = I i
2z BLo ;
Q
% B x2 A \—j—l
PO S -1}
&2 600 & 2 A
g g
g 57T
g s
=
400 H 3L I
iy
B
200 H
75 .
0 —6 1 1 1 1 1
(=4 f=3 f=3 (=] (=] (=] (=] (=3 f=3 (=4
(=4 (=} (=3 (=] (=1 (=] (=] (=] o (=4
wy ©~ N — (<} vy o~ (=) — o
o o o o (34} o <t <
| ] ] |
(=4 f=3 f=3 (=1 (=1 (=1 (=1 (=1 f=3 (=4
(=4 (=3 (=} (=] (=] (=1 (=] (=] f=J o
o wy o~ (=) — [sa) w) o~ N —
HEHR Altitude/m

1 RERPHENXRERAESREFHSENEETE
Fig.1 The location of sampling sites and mean annual temperature and precipitation at different altitudes in the sampling area
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capillifolia) TN BERL (Scirpus distigmaticus) 55 ; GRMEWED , EEAFEIRIEP T (Oxytropis falcata) |
BB ( Thermopsis lanceolata) F1iE 1L ( Tibetia himalaica) 55 ; 245K 8% | FEAFE SR 258
JRIER B ER IR AIE R, AL HAEY O B T ERK S (Potentilla nivea) | B 7 525 R
( Stellera chamaejasme) AN V24 ( Ajania tenuifolia) FLEAFH (Anaphalis acteal) VAR W ( Polygonum
sibiricum) ERZEZL (Polygonum viviparum) F4E41E % ( Saussurea nigrescens) 55 . FHAUERIE T S5—9 H
AR 120—140 d, fRe @A BE IS 45—60 em' ™ RIESA 2 W il fif £, )2 IREE 40 em LU
R ORI TR FST , 5 pH AT 5.91—6.87 Z )P,
1.2 FESCRES
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58 RRRR G AR, BIRIBEREE 10 em, #7BEXFP O AR 0—10 em . 10—20 em F1 20—30 cm
REE R AL, BRI R HREH S22 105 CHET 48 h EIEEJF A LS /KE (SWC) FI%E (SBD) .
TEEAF I A 2 mm 0, BIERAR R MRS, BARTENE pH. 4 C 2 N ML P &,

3 pH R HEMRIEIE , KB ok 2515 R [IAE A T RERE AR S 4 RS (U R, 3 2 mm
TR ARIERE SR A5, TR 4T (Vario Micro cube, Elementar, Berlin, Germany) Il E 4 #1113 C |
N &k, YR IR A4 B H,80,-H, 0,7 #1 HCIO,-H, S0, &, A FHEABT L ke P &
B RS R HESOKR L pH AT C N P AR 0—30 em HJRAFRIE, YA LHECN C:PRIN:
P oA,
1.3 Bl

KRR E T 225087 (ANOVA) KRR MAP Il MAT R [RIFEA DI REREFN 14 C & N & & P
B C:N C:PHIN:P (225, WEKFHN P<0.05, 705K /N #2251 (1SD) Al Tamhane's T2 %%}
T3 2555 T 22T [RHEAR 2 B FaR S8 bn AT 2 E L ER . AR ST 4381 (DCA) 43 B X AR g
E C NP & EAC N P A= HHETT 00T, DCA HEF 45 R Lengths of gradient™ (455 —HE Pl
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FRENSERIG TR (£ 1) o Horh, RABPRIZLERE N & BRI 3900—4100 m F1 4100—4300 m i &
FHAWMER , SR P S EAEER 3700—3900 m 3 5 T 4100—4300 m (P<0.05) , [F—Ek T, (LEGRC,
N S 5 HAhRERE A g 225, HERF C &87E 3300—3500 m,3900—4100 m 1 4100—4300 m & F 1%
THADRERE C F i, 3700—3900 m B EFMRTARAEL C &, TN &7 3500—3700 m H1 3700—3900 m
B R T HAMIIER . WEEAEHRA RS, SRHMEY N S8 NP &, 1 C S MCNEAL, RAFC
FEMC NG W XAEY) Y C N P &5 310k 415.17 ¢/kg 21.30 g/kg #1 0.95 g/kg, C:N C:PHIN:P
394 19.39 448.14 F123.96 (£ 2),

Fx1 AEEEIMEYIEEC NP EE/ (g/ke)

Table 1 C, N and P contents of four plant functional groups at different altitudes

A5 Variable

3300—3500 m

3500—3700 m

3700—3900 m

3900—4100 m

4100—4300 m

ARAEL C 2 Grasses C content

VHEL C i Sedges C content

GH C i legume C content

Z8JEEL C 1 Forbs C content
ARAEL N Fig Grasses N content

VPHRL N & Sedges N content

B N & & legume N content

Z8JSEL N %12 Forbs N content

ARAEL P i Grasses P content

VPERL P {511 Sedges P content

Rl P & legume P content

ZLISEL P & & Forbs P content

429.66+6.34Aa
433.82+8.18Aa
369.97+20.56Ab
407.97+£6.47Aa
17.74+2.20Ba
20.20+1.58Aa
23.97+2.76Aa
20.12+2.44Ba
0.86+0.07Aa
0.79+0.09Aa
0.77+0.10Aba
0.93+0.12Aa

429.86+2.97Aa
431.15+£3.29Aa
423.89+7.60Aa
420.22+2.56Aa
18.17+0.80Bb
19.26+0.82Ab
25.14+1.67Aa
19.64+0.87Bb
0.92+0.08Aa
0.96+0.10Aa
0.86+0.08 Aba
1.07+0.09Aa

429.62+2.54Aa
413.10+15.62Aab
384.06+22.43Ab
418.34+1.86Aab
18.53+1.63Bb
17.93£1.70Ab
26.64+2.65Aa
19.40+1.73Bb
1.13+£0.16Aa
0.92+0.13Aa
1.09+0.16Aa
1.20+0.14Aa

434.76+4.91Aa
422.37+4.60Aa
385.39+24.92Ab
422.76+4.28Aa
24.17+1.48Aa
21.29+1.37Aa
23.62+2.98Aa
25.20+1.14Aa
0.97+0.08Aa
0.82+0.15Aa
0.85+0.12Aba
1.09+0.08Aa

425.42+4.24Aa
426.21+4.85Aa
370.87+24.33Ab
423.91+£3.60Aa
21.98+1.43Aba
19.68+2.60Aa
18.15+5.97Aa
25.13+1.60Aa
1.11+0.20Aa
0.90+0.21Aa
0.60+0.19Ba
1.17+0.13

TR RE MRS R, REAKCEE 3318 30.60,30 .42 il 18; A[H KRS FRER /R ARG & R ] 22 57 03, RREVNG FRERR R EEY D6
Bz EZERBE (P<0.05)

F2 B 3300—4300 m RNEEYINEEEFH CN. P REREATHEITELL

Table 2 Average C, N, P Contents and their ecological stoichiometric ratios of different plant functional groups at altitudes of 3300—4300 m

ThBemEZ T 7 A A B ik WAL T Lt AL
Function group categories C content/(g/kg) N content/(g/kg) P content/(g/kg) C:N C:P N:P

RAEL Grasses 429.86 20.12 1.00 22.66 459.52 21.95
IHIRL Sedges 425.33 19.67 0.88 20.45 491.13 23.63
TR} Legume 386.84 23.50 0.83 14.68 399.76 28.78
FE Forbs 418.64 21.90 1.09 19.76 442.15 21.47
{4 Mean 415.17 21.30 0.95 19.39 448.14 23.96

4 DUIRERFICNER A b Bl R i TR (Bl 2) o RAPRHC:NTE#E#K 3300—3500 m (25.08) |
3500—3700 m (24.68) F13700—3900 m (23.40) &3 & T 3900—4100 m (17.54) . WHELC:NFE 3500—
3700 m (22.83) WEE T 3700—3900 m (19.38) .3900—4100 m (16.83) F14100—4300 m (17.80) . SF}
C:NTE 3500—3700 m (16.39) BE T 4100—4300 m (12.54) . ZeELC:NTE 3500—3700 m (21.69) &3
T 3900—4100 m (16.89, P<0.05) . BRyFERFC:PFE 3300—3500 m (595.59) 3% & T 3700—3900 m
(381.70) ZAb, ANEDIREREC:PAI N:P MR EARE (K2, P> 0.05) . AN, ANEEGEE LRAFR I5
TR GRPIZE R NP 4351 . 19.52—27.15 .19.94—27.53 26.81—31.45 F1 18.69—24.54, ¥J KT 16,

[fl—¥4R T, DRFC: NI L FHALDIRERE, 14k 3500—3700 m 242 HC:N (21.69) & (L FARAFELFI
WEIRLC:N (4351100 24.68 F122.82) . ¥4k 3300—3500 m GARIC:P (416.80) BE(LTVWERIC:P (595.59),
M HAB R R AR FISHBEREC:PTC B.228 k. HE4K 3300—3500 m 3500—3700 m H13700—3900 m TR} N:P &5
TARAFFFIZLZEHE N:P, 39000—4100 m F1 4100—4300 m AFEIZHAERE N:P ZRAERE (K2) .
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Fig.2 C:N,C:P and N:P ratios of four plant functional groups at different altitudes
TR AR 2 2 RE AR5 433 30.60,30,42 Fil 18 A KRS FhERR AR 22 57 0%, AN FRR R AR DIRER 25 2% (P<
0.05)

2.2 AWK L C N P &R HAS AR

TN A NP B A R I i s, B3 C S E P S E CNAIC PR B E AL
(K 3), BRmMT, 3 N &EAERK 3300—3500 m & F KT 3700—3900 m F1 4100—4300 m, +3% N:P
TEHER 3300—3500 m 1 3500—3700 m i E KT 4100—4300 m,

2.3 ARRITIAERE C N P i S HA S 2= 15 b SRR IR ST T 19 56 R

mE 4 s, MRS TRARMA: Yyt eI S5 AR S RAR C N P & i LA ST
WEXR; WERN & S5HAYEERE T A R E A, 28 C N SE 5 A EAERE T LT
B 5 3 ARG, [l , SRR RS SR N 3 IEAROG ; B e AR i o] 500 N & i i 3E A G
MSC:NI R EEAG, 2R EESH C A8 CGNERFIFME, HEREEHEHIKEN SHEEN
K,

WRYIEARRITIRERE C N P a5 3 g A EH 719 RDA 4387 (B 55 & 3), 4508 MAP 3 pH |
+3E ¢ SEAE NP 2B EVHAFEINAERE C N AP SEMFET (P<0.05), HMBERSHN 12.40% .
5.20% .5.10% .4.80% .3.60% F1 4.00% , %54 Pearson AHFKAEHT (B 6) , AW LML E SARAFL C Fid:
N BF MK (P<0.05), 15 4 MEYIIREREN P & E il H B fUAHKE (P<0.01) . MAP 5RARH
FREN SR E A, A MAP 5305R GRS P &8 W fMoe, 18 pH 5428 C &
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Fig.3 Changes in soil carbon, nitrogen and phosphorus contents at different elevations

ARG FREFRIR A RSO RE 0] 22 5 35 s ns, 225 A3 (P>0.05)

LARARE FPHBIZER P i AR, M52 N B IEMK, 1 N:P 52K5 ¢ BHIEMH
K, BHECEHRMASER C SEBEIEMHIE (B3,86) . WA, K SRAR N FHEMIERE C N F
HRFIEMEK (K6) .

*3 TEMEMSEEFEAEIIAES C.N.P EENBRENEEZEKRE
Table 3 Explained variance and significance test of soil, topographic and climatic factors for C, N and P contents of different plant

functional groups

—_— —_
K ¥ Factor Exffjjjli% F P A F Factor Exiﬁlzfif% a P
26 Latitude 12.40 6.20 0.002** || F3EC:N Soil C:N 1.40 0.90 0.542
2% Longitude 1.50 1.00 0.466 F-3EC:P Soil C:P 2.40 1.50 0.172
MK Altitude 2.30 1.40 0.196 43¢ N:P Soil N:P 4.00 2.40 0.026*
AESEH) MAT 2.20 1.30 0.204 pH 4.80 2.60 0.012"
AEFEM  MAP 5.20 2.70 0.006** || SBD 1.00 0.60 0.785
4 $ERk # & Soil C content 3.60 2.10 0.005"* || SWC 1.80 1.10 0.354
13 N 54 Soil N content 3.30 2.00 0.072 ¥ Slope 0.60 0.30 0.952
+3% P it Soil P content 3.40 1.90 0.094

MAT, 4EFER; MAP, 4F[EREE; SBD, HHEE; SWC, HIEFHKFR ROTHRIORERRE, «FIRP < 0.05, = = FIX P <0.01

hE IR A EE C P A RE T EEAFEINREREC:N .C:PHIN:P I T (P<0.05) , HfBERA5H
15.70% .8.90% .5.00%F1 6.30% (Kl 7; & 4) . GES5RAR IEBIAZZEHEC:PA N:P B 1FME,
WA 4 FHIJREREC N B & AR SE, i H S SRIC: PR EFETAME (K6) . +1HEC 5KINEEREC:N .C:P
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) $©
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Gra.N:P * - —0.4
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5] < = on @ 5 < e o) %)
s s & 2 £ & & & EF £
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4 TEEMINEEER CN.P REREESUFETTEL SERFFIEN Pearson X 1E
Fig.4 Pearson correlations between C, N, P contents and their ecological stoichiometric ratios of different plant functional groups with
vegetation characteristics
Gra, RAF}; Sed, WHIFL; Leg, TR Forbs, %250 Com. B, MM A Y/HE; Gra.BR Sed.BR Leg. BR #ll Forbs BR /M2 ARARL J5 2
Bl SRR A RS AR LEB ;. Com.cov Gra. cov.Sed. cov. Leg. cov Al Forbs cov 7 B ZAAMIREIE ARARL VHFL GRIAIZL
FHAEYIY 35 L

NP B, L0 P SRABARECN BB, SRARHICP NP, BERICP, LI
KR NP LE G 6) .
2.4 IREHTFARFDIRERE C N P 27 (b i i R 2 43 b

FyR £ BRI (SEM) SM07 i B MR R DIREREC: N C:P I N:P IUFRBET T (% 4) X EATHOM
BEAE (F18) o JOh, £HEC A A TIRERE C N P AE AL R BB HIEHE (18 6) | IR it
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0.6
Latitude .
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B Soil P
<
N
=
a
< 40
@ Soil C:N )
Forbs P
Sed.P
Gra.N {| Slope Soil N:P
Gra.C v
=0.6 L ) \ ) Fgrbs C ) ) .
-0.8 0.8

RDA 1 (17.01%)

Bl5 ATFEEER C.N.PEES TR MEMSEEFRRSN (RDA) HFE
Fig.5 Redundancy analysis (RDA) of C, N, and P contents of different plant functional groups with soil, topographic and climatic factors
Gra, RAFL; Sed, WHER}; Leg, UHl; Forbs, 4228%i; SBD, HIEH A, SWC, HIEEI/KE; Alitude, 4K ; Longitude, Z2; Latitude, %
B Slope, Y ; MAP, 4N & ; MAT, 4 F50E

BN ZIE R, BHRE, WL T (BRMLER) Wit SRR F (MAT 1 MAP) M2 mAE 1) C
N P ASAE R, SEM 7 i35 R 25 B2 38 hn 4t [ 5 30 MAT Al MAP R RE, H MAT Fl MAP B AHF i
(R RE-0.52, P<0.001), MAP X448 P & & HA WL B EIERN, +58 P W4 FIXARAFRE N:P FIys &
FHC:PEA WM, (HAHE P X2 CNEA B IEN . MAT X 4 DIIREREC:N C:PFI N:P {52
AN, MAT XPRAFC:N C:PAI N:P &4 BELW, HXTYPFBLC:N C:PHI N:P HAT W IERY, MAT X
GRHC:P N:P DL ZRRREC: P EAT B3 IO % R RIZ R B CNEAT B U . MAP X ERIC:NE
A REIERN, 1 MAP ST R R IZIE B C PRI NP A B E R0, LA, 4 ASIIRERERYC:PAI N:P H.AH
S (I 2 %00.68—0.77, P<0.001) .

R4 LTHEMENMKERTF 4 HEMIIEERECIN.C:PH N:P BB RNEZ NI
Table 4 Explained variance and significance test of soil, topographic and climatic factors for C:N, C:P and N :P ratios of four plant

functional groups

s %
¥ Factors Exﬁj;j;% F P 5" Factors Fxﬁjij% g P
2 Latitude 15.70 8.20 0.002** || 1-3EC:N Soil C:N 0.80 0.50 0.762
2 ¥ Longitude 2.30 1.60 0.144 +3EC:P Soil C:P 2.20 1.50 0.14
K Altitude 8.90 5.10 0.002** || 4 N:P Soil N:P 3.40 2.10 0.088
SESEHSIR MAT 1.20 0.80 0.534 pH 1.40 1.00 0.44
AEFFT R MAP 0.80 0.50 0.764 SBD 0.50 1.00 0.928
+4 C Soil C 5.00 3.30 0.004** || SWC 2.40 1.60 0.146
+-3E N Soil N 1.00 0.70 0.632 Wi Slope 1.20 0.80 0.528
+ 3% P Soil P 6.30 3.90 0.01*

MAT, 4F20; MAP, 4EFERTEE; SBD, R, SWC, RIES/KR ROFPRIIREREE, « TR P <005, = = F/KX P < 0.01
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* P<0.05 ** P<0.01
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Fig.6 Pearson correlations between C, N, P contents and their ecological stoichiometric ratios of different plant functional groups with soil
physicochemical properties and topographic factors
Gra, RAEL; Sed, FHEFF; Leg, EFL; Forbs, Z22KE; SBD, HIEHE, SWC, THEAKEK,; Alitude, L ; Longitude, £ ; Latitude, &5
J& 5 Slope, YJ¥; MAP, 4E[FFE; MAT, 4575 IE

3 itig

31 AFEHEYISIRERE C NP SRR FHER
C M B B IR EEATTR , S YA i T R 0 50%, JF LI RYE (IR DR (2R 4E ) A
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Fig.7 Redundancy analysis (RDA) of C:N, C:P and N:P of different plant functional groups with soil, topographic and climatic factors
Gra, RAEL; Sed, WHEL; Leg, WF; Forbs, 222845 SBD, HHE%E; SWC, HHEFH /KR, Altitude, MK ; Longitude, £8J¥; Latitude, £
JBE; Slope, B4 ; MAP, SERERTHE; MAT, 44l

eSS MERBAR LAY (A SRR 2RSS ) B NAEAE, SRR K AL S I VE A i S A 242
FEAEI AR AR AR /N 2 ARG R BRI LA ThRERE C S e R E AR (R 1), R XY C
B A2 R TH R 5 RS TR | A B i S R XU S A 8 R AR AR B R M A /N, X 5 VT A AR X e R
R R FE R AL (Stipa purpurea) HRFR C S REMXTRRE, L RBIA R KB 9B IR AR
75 M-t VLAY ( Sibiraea angustata) R ZERIMSEEEE C & X FRE RS 45 AR, 9T XA C &
R 41517 g/kg (K 2) , KT 28K 492 FhFEHATYIM 7 C &1t (464 g/kg) AP EE AR RGEAMEY T C
B (438 g/kg) 2P AFEFEYIIIEERE C SRS MAP 27 (K 5), WA C & AR T
RS PR 5 e IR AR R P K B R, BOAHE A SR X A, [, YRR &AM RERE C A&
A Fe W FE AW 5 X A0 B A A ) T A 20 IO R 2200 © BB PE 2 B (AR FIZE Ry e ) DIARAl ™98, 1
AR T REAS RS AE A SR, R R S TR ARG g

AW XAEYE 1 N P S 84390 21.30 o/kg F10.95 g/kg (£ 2), N SR LIRIEAMY N &i
(21.72 g/kg) , T P SRR T2IKMEY) (1.58 o/kg) AP EFMZEMEY (1.21 g/kg) FILBKFAMY) P & &
(1.64 g/kg) >* | BLIABEZE X AEH) P & RASAK, P o] B2 0% b DA 4 A K A0 PR R 5% 43, TR R8I,
3900—4100 m 1 4100—4300 m AAFFFIZLHE N S8 B (£ 1), RE LN &0k E BT &
g (E3), HHE S N SEAEED SR NJES, RABMAREN SES LN 527
T A CE (K 6) , XEEEE RBWIRARZL R B AR A5 N &l AR (B 1) A8
PESRWE , FFA IR AR B , BVRE R RS A QI R AR e, AR TR A K, (DA i 3
TN BR P28 A UM I R R M 8 oy IR IR 22 YRR R e R e E ) R SR
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Fig.8 Structural equation models for the effects of environmental factors on the C:N, C:P and N:P ratios of grasses, sedges, legume,

and forbs

Grasses, ANAEL; Sedges, WHLEL; Legume, TBl; Forbs, 2435%0; MAP, 4 P& N ; MAT, 4E P34 ; Altitude, ¥34 ; Latitude, 255 ;
%, P<0.05; * #, P<0.01; * % % | P<0.001 ; RAFHEEL. ¥2=4.040, df=7, GF1=0.984, AGFI=0.916; RMSEA=0.000, P=0.775; VS 5 R}
Fif. %2=9.910, df=13, GFI=0.963, AGFI=0.897; RMSEA=0.000, P=0.701; ZRMEA . »2=8.197, df=11, GFI=0.968, AGFI=0.896;
RMSEA=0.000, P =0.696; 2225 B M, v2=9.247, df=12, GFI1=0.964,AGFI=0.893; RMSEA=0.000, P=0.682;%>: KJ5{&; df: H i,
GFI. JERCFEHL; AGFI. JHRJEE N EEFE4; RMSEA : IR 2545 ) iR

i, AR BRI R rp, XA AT R i O A SR A TAS R N &5 8 LOE S IR s, pilln, 35
bR 7308 5 ELA MR AN B (AR A W ), S SRR AR AT ) T DR A g IR EE , Dl /(I X L

Kiysemg, R e el s RS R AHEY N KA BSE (R DM, GRHMEY N & AR R R

R ) U5 X LR g SRR TR AR D6 2R, MU 1T LAE N, & B & N AR & Wi 2 SR N j Tk,

RARE PERBIIZIEE P S REHE R TR R ERE (K1), BVIXIREREA —EH P “4AE
s R . —J7 T, P2 DNA A1 RNA SRS Mo X", M4 P SR E
AT RFFIEHRARIRED . B—Trm, Xl GEE N T ARRER -5 P S R%a B E4Ek (F3) , B
“TRLE A W ERAL A UL, R T RS R G M T R, e NP A ROERR AR O T B NP
SRR BARTREP S RIETER 4100—4300 m B E LT 3700—3900 m (2 1), HGAF P A 14
P EREADEXRER (K 6), UK 4100—4300 m TR P S8 FHIEAZTHE P SE2MbE RN, TR
P o5 MAP BEEIEM X (K 6), %72 4100—4300 m F R P & IR MR E o1 MAP R (&
1) BIEM, XATREE MK EA L S8 5w & i o s SR X 8 P A 3R ER W BORUFR FH A5 AR
SIRAY T Bz, FEE NIRRT, AR D R ELA VR AR B SRR s S R P s A
KRR
3.2 AR FXEARAEY DIGEREC N [ C:PFI NP (5200

HIPIC: NI DIRAE N ZFHRCE, CNlfltsy, N ZR R Y AR XY FEHIC:N R 19.39 (%
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2), T T He 25 3008 075 M s R FE R A M A CoN (17) , 3% 22 55 AT BE S IR g ASBIF 2 0 5 1Y) J2 AS [l
P DIRERFRERRIY N S, 0 i TAEYI M A N S A A2 B (2%, i Ayt i N &
AR CNSL T E AR N S R EI A CN, [, AFRARIFC:N (19.39) KT 4k (43.6)
Y C:N, DL s 5t 126 FE R C:N (21.2) , X AT RESE I THFE IXOR R M1 S RERT C & UK
SRR, 4 DIIREREC:NEAK FREE RIS TR (E12) , R THm DR DIRERE N FIHECRT
e, —J7T, 4 FREEDITIRERFINC NS MAP B EMSE (K6, B 7), UiBlgHR TR SRR MAP T2
FRARAEY) N FUHRCR . X 0] AR K 0 AN e 51 13 N [ AR 2 2R 1 8 HCR AR 2206 N (il fiiz
W R, MREAR T A% 38 N BRI RCR A S —J5ih, B5E XA TIRERE C & Skl 4K T+ A
FaE (£ 1), MARARAZER RS A5 N &SN RS EORERE (K1), X8R515E
RARHZEEC:N TR, X THERM GRS, & WC:NY SR B E N, HURC:NIE S MAP
WEIEML (K 6; K7), Gt FRl (188) on MAT XF b HRHC:NEA B3 AUV I MAP X ZAHC:N
HA BEFIERN, KL, Wk 4100—4300 m REAVDE (E 1) 80X 2 NU6ERE N FUHRCE TR, HNTE
TR A AE SRR I 5 | A A3 A 08 T S, A, He S50 % 30 P 552 vty T 2 T | WG e 2 0 D R 5 1L
HHE JFAR Y R CNTESAF RIS [R) AR B 28 70 ) 22 5 38, M)Ak e R B HERFTE AR R T 70% 1 C N 7R
S, AR ZE R MK R B RAUR 3%, AT E S A AR IE (NS DhRERERY AR W i S S AR
Y e SRR DIRERE C N P &8 LHARMA TR R (B 4), KUAFHEYIEERC:N
& YD REREAE Y R R LU AR DG (R RGN AR RGNS & A W 55
FAEARSE, YU GRS R Y A0 56 FE R L C N, H S LR AT BB 5 R R e A E T E E /Y ¢
SMCN, BRI, TEAACRR BE T AN [RIAE ) 2 BEAF PN R AIE Y A28t 2 it i C e N 22 S Y SRR 22—

ABAET R AR BRI UL AR, PO A K A LR TS 2 K R AR %R (xRNA) 48 54R
FURMA R, RIBLC:PHIN:P 3K AT XA FC:P NP 4351k 448.14 F123.96 (%2), C:PET
B 14 FRREAAEYIC:P (262) , N:P & TRBREAEY N:P (13.3) P EFEAIEY N:P (13.5) Hl He
SIS G 1 T R R S JE R R T A NP (14.6) , UABIBIFSE XA A K B R AR AN, X B ARE Y
XAEY P S EARGIEN, WREEE ., WHIRC:PAE 3700—3900 m & F LT 3300—3500 m, #FHH 3700—
3900 m VS EBHE Y AE K #AE L 3300—3500 m PR, 5P AT B 5w AR H DX AR ) AR K R, A TR
PR A 4 AFE AR A s ] P4 58 i — R A AR R BB B, DR, AR50 BCRE 219 P31 Hh 13843 AT 580 C P
NP R BTV EBICPZA, MBI EANFR Y ShREREC: P NP TR &2k (K 2), Hrf N:
P BRFFTAE RS Han 4500 & BUFR E 753 Rl ARG - NP BEZE R4 I JC B 5 A L AR T 45 AL, 3k
B TORFEAE D D RERFC: P N:P B —E B MR A S C N P ANt X E WG, 64
B2 AR MR BE IRl NAR R I AR I R PR de AR AR ROR A DT 78 1 — R 91 1 A 1 A
Fhgd AR, RIEE, N:P R M A K2 N u PRI E E AR, Koerselman Al Arthur' ' (5T £,
N:P<14, MKMW T52 N BRI NP > 16, M4 KM 742 P BRI ; NP AT 14 F1 16 Z[H], P4
K52 N P LRSS AZ N P R, Giisewell' " 38 53 2 A& K it (0 it AE 52 30 50080 , TAH N:P /NTF 10 FILR T
20 HIE A HIWHEY) A K32 N BRSIF P RS, AN EREREE FRAR YRR GRFRIZE R NP 5008
19.52—27.15 19.94—27.53 26.81—31.45 F1 18.69—24.54 , & Y INGREREAE K AW 10 T2Z P BRI, ik, 7Ext
W IX (i FE R ) A2 28 R e AT Bl R A2 B ] L 2% i P

AN, ARBFGEE & 05 HAB I REREAR L, SR N S8 N:P &, 1 C S8R MC:NEK (£ 1; K
2), XFFSEEE RS AIRE N SIS R AT e, SRMEYICNR T NP AR B —5 Y, —or
T, XARELG A N T S RME ) 5 AR R i A 56 3R MM RE A ARETE 22/ N, LSk A (B 422 50 AT ) 1) A A5
ILPESRMEX HC NP B B0 , PRIMTAEA AAEY) C N (P AR Wyt 3ok Al 22 A58 v by 2% R A0 3t 17 P 56 i 11
225 B—Jrh, EAMEY C SRR BE S X I R ENR, AT ER T 2N C YRS e
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KIEEY (WNEFREZERMATTE) L A Wk 3500—3700 m 222K 5 C:N g R T RAE
C:NT & FERC:N (K 2), RIZER T 24285 N A RSCR IR T ARARHE Y& T S RHEY, hT 4
FRODBERERYC: NI S MAP B R 3 IEAHG (K 45 B 6) , PIKIEFR 5T, MABIERNARAR LA A A
R R LR Z A FE & KA N R, FERARIC: NG T4 CN; (EX T S RHEY)
i, HEMR C & ESECENNCNIET AL fERE

4 it

FER SRR I, 3 30 9 75 9 SRR B 2% 60 A iy FE R ) FE MU [FAE P DI RETE C NP i RSk
ST s AR SR R R 2, AR AR DU R S58 . 1) I I, o s R R Y D RE A — 2 1
AT RSN, XRITEIG RS T A IR C i, SRR RERHEY N &, RAR 3P
FRPRZREE P &, USRIPERIC:PZAMAARFE DI REREC:PFI N:P BERS PR FRFAI X AR . 2) RARAIZR
RECFEY W R A B N A E  EER (3900—4100 m Al 4100—4300 m) FREE, B03F T« IR A A Ak 3
B, 3) Hlm AR SR R P S AR, MKz PR, 4) T R S R IR R D Y ER
BSEREY AR AR TR (C:NL) o 5) SHADIRERH L, SRRk - HA & N FaA NP, K
C it (C:NFIC:PRYFRRL . B2 FEYTIRERE [ B3l I e 5 s RV 4k | 245 3 ] 3K 3 1) Tl S R /K 4% T A
R DI RERE C N P & i M HAE A e Mo L AR AR,
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