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ABSTRACT: Objective To investigate the effects of maturities, cultivating altitudes and regions on the nutritional
and bioactive components of Rosa roxburghii fruits. Methods The Rosa roxburghii fruits at different maturity and
altitudes were collected. The content of main nutritional active components in the samples were determined by
spectrophotometer and liquid chromatography, respectively. And the quality differences of the samples were

comprehensively evaluated by principal component analysis. Results Mature Rosa roxburghii fruits were rich in
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bioactive ingredients including vitamin C, flavonoids, tannins, polyphenols and triterpenes, with content of

744.01-1260.93 mg/100 g FW, 35.86-52.11 mg/g DW, 128.80-188.70 mg/g DW, 78.04-119.54 mg/g DW and

22.56-32.32 mg/g DW, respectively. By comparison with mature fruit, lower soluble sugar, organic acid, amino acid

and polysaccharide content were detected in half-mature fruit. However, total flavonoid, tannin, polyphenol and

triterpene content were much higher in half-mature fruit. Essential amino acids and total free amino acids were

negatively related with the cultivating altitudes. Principal component analysis results indicated significant quality

differences between mature and half-mature fruits. Moreover, no regular change was observed as affected by

cultivating altitudes and regions. Conclusion Bioactive components in half-mature Rosa roxburghii fruit are

remarkably higher than those in the mature fruit, but the impacts of cultivating altitude and region are relatively low.

KEY WORDS: Rosa roxburghii fruit; nutritional and bioactive components; antioxidant; maturity; altitude and

region
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KB (Rosa roxburghii), JEIEERRL, K ZAEEFEIT
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1.1 #RI5EF

6 PRI SEAE R T4, Mtk s 5,
Horbr 3 RS RE (LI BEAE IS 110~120 d)SR4E T T
(% 2000 m, 4R 1600 m., V4K 1480 m), 2 Fh AR A

SR T R BATT OB 1480 m ., ML 1250 m), FEAR(Z
BEIEW G 60~70 d)RAET AT TH (4K 1480 m).

TR CEE(C R e, BT B TR Ak T BRAFD;
ZNE (Al mmE R (43 M7 4l (R HETT R 3 B AL AR
FRAAFD); S-TEFE KA IR . BEER R 4. 750 . WRERER (ST
aff, KA ARE2EF ), 1,1- R - 2- = RS R R (5
Braf), WETFIR. M1, R, WG, sl
=98%) (IR M AE MBI AR AR, FMmiEEN . ik
B COPRER, 45 = 98%)( i B T A= AL B e fy A5 B
o Hl); 6-3% 3 -2,5,7,8- U O HE 8 5 -2- R R (6-hydroxy-
2,5,7,8-tetramethylchroman-2-carboxylic acid, Trolox)[ Fx
HE A, 4l BE>98%, & ME (L) YR A RA A ;
Asahipak NH2P-50 4E f4j% (250 mmx4.6 mm, 5 pm)(H
7% Shodex 23 Fl); 0.22 pm 7K AH I8 8 (R 7 LM SE 06 &%
HBRZAF]); ZORBAX SB-Cjy fi41(250 mmx4.6 mm,
5 um)(3E [ Agilent 22 H]).

1.2 UE5EF

UV 1800 U2 4NAT U486 BE T . SPD-M20A =3
AR AL (F A B HEA FD); L-8900 B4 [ B & IEMR 1Y
(HA B2 E AR A H)); ST85B3-1 BIH A ¥ R TR
[# Milirock 23 ).

1.3 LWHE
1.3.1 TTEHEEG N

FREL 2 g e diBL L 14 mL 28080k, WA IR, &
o SR DM Wk e, S5 ek, 4552
A M E A PR, WEES 3 1R,

1.3.2 #Eaa4mE

£% YU ZPLR w0 @ e, BRI 1S g
BEEFIZLE, A 1.5 mL Z808K)5, FINA 9 mL K4
fig, PLYE 20 min, $E5), B0(5000 r/min, 10 min), B I
W, 022 pm KAHUERE, @5 EMR: @SN
Asahipak NH2P-50 4E (250 mmx4.6 mm, 5 pm), A&:i#% A
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RN, IR IREE N 50 °C, HiE 40 °C, FishH
K T5%Z G-k, w3 1 mL/min, L 10 ul, I
EEH 3 K.

133 AARESEFMNE

Z2% LU SO ik gt A s, BOR B SR B
2 mL, JIIA 75%Z. % 6 mL, {R%4], ViE 20 min, 7£ 4 °CT
B5.05(5000 r/min, 10 min), 3§ 0.8 mL, filA 0.8 mL
10% S-TFAK BRI, IRGHES), 16 4 °CIitE 30 min J5
FEE B 15 min, 1 0.22 um AKHIIERES FHA SRR A 35
BrAE . MEELE 3 K.

13.4 %A% CAHENZ

W5 7 3 2 2% TR T SR VTR Y T R £ 3 T
FREL 0.25 g W THIZLE, InA 1.5 mL 0.3%mBERR 7R,
TEVR IR S (X T 2% 75 kW & TFIRAT 2 min, #£ 4 °CF,
B0 (5000 t/min, 15 min), WL 0.22 pm 7K HE 28 i
JEREI . FTERERIRIA 3 . BG4 N ZORBAX
SB-C,g {41 (250 mmx4.6 mm, 5 um), F:¥ 30 °C; — %
EEEHRA, AER C WRMEK R 254 nm, HAbLG
HUBR ARG I3 K 210 nm; HEshAH: 0.1 mol/L AYB IR A
ZANVEIR(pH M 2.7); WHE: 1 mL/min; #ERERE: 10 pL.
EEH 3 K.

1.3.5 28 EY R alae ) ne

Wy 2Py A I AR 0.10 g YR T HIZL RN 8 mL 80%
FHEER I, 2.0, & BRI E 20 °Clitife, T A
My, SECEE . S TRIBT ARSI . A R
#3405,

SABSENE: RAMARILAKNE, 2%
DRAGOVIC-UZELAC 2Bk, 45 B LA TR i it
W, MEELE 3K,

SR SR R B Ak, 5% Tk
FAEPI Dk, SERLOY T RURIR . WEEE 3K,

BHPSREINE: B NY/T 1600—2008 (KR B
S RIS BT R AIE ) PRIk T . AR
DI FRRFEWEET . MEEK 3K,

1,1-— 28 3E-2- = RS F PR k(1,1-diphenyl-2-picrylhydrazyl,
DPPH)HLAMLAE I : 2% e i Mk, K ELe
SRR R R — RS, B0, BURIER 2 mL, A
4 mL DPPH ¥ #(0.1 mmol/L), #E% 30 min, 7E 517 nm &b
EWOERE, S5FLL Trolox Bk, MEES 3 K.
1.3.6 ¥=Z@4EnE

K F A VKA R, 2% ZENG SRk, Br
B 1.00 g s AL, A 50 mL Jo/K 2B, #5 1 hiRHL,
50 °COKIF, Ja O H HIEW, TE 548 nm AN E OB EE, 45
SRUIAER IR BT v T, MEEE 3 K,

1.3.7 #2330 %
KRR B BRI E"Y, B 25 g T HIBLE, fmA

50 mL ZE1E /K5 R A PRI 30 min, B5.0H EIERERE
20 mL, il 4 f5RFRAY 95% 2%, BEUidid, UiiEdk &
FrE AR E A . BUEIEW | mL, A 1 mL 5%
B3, A S mLYERERR, T 490 nm AbIIE WG, 45581
PRERT AT R A . WEERE 3 K.
1.4 BUEAIE

KM Excel #1780E581T, IFHFIF SPSS 25.0 3¢
BT RN E 22000 S-N-K 4636, Hicdls TR 9 14
R 2, BEMIREN P<0.05, WHEFEEERN
P<0.01. iz il SPSS #EATAHICH: AT, TR 43 BT A T
BRI A R

2 HER5HH

21 RRLFEEFMDTAEHR

AN B R Pt DX B SR SR 43 . BRZE 43 I RTi
PRI G RAIER 1 PR, SRR, IR oA, 4
AR HERE 3 FIWELLY . UGBS S . A E
BER SR80 1.06~1.86,0.65~1.31,1.30~2.77 g/100 g FW.,
I LR S OB i SRR O 4 R — 5, 1
1.83~7.32 g/100 ¢ FW Bl N, (R FHE A . AFR.
170 2y 25 b K SR T A R S v SRR A A
1825 (P<0.05)MIR T B S, FLARAGIN H M. AN )i
W F, HT 2000 mo A BLR ST BB A B AR
ML 1480 m FE i 1Y SOWE & B Ak, [F—4k 1480 m
T, BeT1 T 5 o BE T RROR A B S I B 4L 0 25 SN,
IR 5 A B3 22 57 (P<0.05),

1R, FIRURSOP SR . MER . B DR
PURMBREEAER OFFANUR, Hrh iR R sl & C
TR LT HAA YIRS R, 15 744.01~1260.93 mg/100 g
FW, ERM T HIRZ . & D& mBAL, L 4504~
71.82 ug/100 g FW. 1] WLAEA: 3 CORAIBZLIR S 2 20 3R
Oy, ZEER S Rt IR g R — 3, SR THIBL R A ERGR
Y2 C AR, LY 17200 U, JET &
SO S BRI BL RS e AR 2 C O B A R 1 i
B0 o AR AR S B R GEA: 3E C S 22 AR,
HoH T 1480 m A 442 C A, Mi5ET1T 2000 m A 4E
A3 CE AR AR [ R DORIBL R S 4 AR R C itk
W, e[k 1480 m T, StFHMIAL AR SR e 4 %
C &b 33.2%.

BB AT PR B 1 1R 0.24~0.40 g/100 g FW,
BEMTHEE FEal% KR, SRER1480 m)lH
HiL X (KT A BB RAR E, RIS TR i P P EE
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2.2 FEIRKERE KGR i X BRI B R SE R ERRLE 57
EE 3R

AN [ BE R v A b DX I B SR S A B R A o sk 2
Fiane B2 AT 0L, HiIZY 5512 35 3 95 %% (threonine, Thr)
24 W2 (serine, Ser). 4+ % R (glutamic acid, Glu). H &M
(glycine, Gly). N4 /i (alanine, Ala) ., 4fi%(iZ (valine, Val), 2}
Jit &R (cysteine, Cys). 5t5¢ % (isoleucine, Ile). 5&2 IR
(leucine, Leu) .fi# & 2 (tyrosine, Tyr) 7K N & #2 (phenylalanine,
Phe). #i% 2 (lysine, Lys). 14 %R (arginine, Arg). FHi%ik
(proline, Pro) 14 Fijif 2 S FEMRA A, Hip, BEBRIZH ST
B S EEN 22.93~129.27 mgkg FW, B SII AT E
FHETR I 8 R O i SRR R TG, TRF4K 2000 m A
FEL ) SR B S S 1 0 T S R R R 2 S R B i K, &
SO 1250 m RIFLRSLH 17.7% . 34.2%. Arg J84)
LML TR &R, I RAARURH G DA . eI
FERML, 5 LU 55 RS, ARSI th & BRI AL R e
ESHEEN Arg, BRTENT 2000 m ARIFUR S, HAHIBL

RELFEM I AR Arg B, IR E R T IORECR T
Arg FHE(P<0.05).

I HT R SR A AR I, B SE F B A R
24 R (phosphoserine, P-ser). JJlZ /& (sarcosine, Sar). a-Z&
T FR (a-aminobutyric acid, a-ABA). f-1N 2 R (f-alanine,
p-Ala) . y-Z 3T BR (y-aminobutyric acid, GABA). Wi
(ethanolamine, EOHNH,) , ¥#3& i Z 2 (hy droxyproline, Hypro)
7 PRI, i, GABA B4 RGN E LN
s B, HARUE . PURIE. PLOARE . MaE
TR NI HPY, 5 LU ORI, 6
PURIBLRM GABA 5w, M 27.31~112.17 mg/kg FW,
H IR GABA & 5 MR INAR Y, Y 2 & T
BRI . AR A KSR BRI, IR
SR S 1 S R PR 5 R AN S SR AR ) & BRI T R
S0 RIBLSR S BAL G W B R R S T
MRS, HrhBEbH 1250 m F A B4R 52 & AL & 8

o

i
il
Bl

F1 FEMAERSRBXPRMRIETEEFRITSE(N=3)

Table 1 Major nutritional content of Rosa roxburghii fruits of different maturities, altitudes and regions (nN=3)

TR T AR
BRI
Heyy Koy Heyy paE| paE| Ky
2000 m 1600 m 1480 m 1480 m 1250 m 1480 m
A 1.79+0.05¢ 1.86+0.07¢ 1.06+0.08" 1.2940.04¢ 1.83+0.13¢ 0.33£0.01*
/(g/100 g FW)
LAl 1.310.09¢ 1.1340.04¢ 0.65+0.01° 0.75+0.01° 1.07+0.11¢ 0.48+0.01*
/(g/100 g FW)
b b a a a b
2.7740.40 1.68+0.01 1.30+0.12 1.93+0.01 2.61£0.16 -
/(g/100 g FW)
b d c b ¢ a .
5.86+0.54 4.67+0.08 3.01+0.22 3.97+0.05 5.51+0.4 0.81+0.01
/(g/100 g FW)
gﬁi/:':% C b e f c d a
744.01+58.84 1076.36+83.71 1260.93+£60.31 841.99429.96 978.30+10.69 46.01+2.36
/(mg/100 g FW)
R 86.74+2.26° 84.52+12.65° 89.91+9.72° 95.41+8.45° 104.04+5.02° 67.87+5.52°
/(mg/100 g FW)
FrAsi 29.83+9.32° 12.77+3.70" 7.98+1.95" 5.98+0.72° 6.03+£0.06" 3.84+0.51°
/(mg/100 g FW)
%Qﬁﬁ a b be c be c
45.04+1.26 57.03+8.00 67.02+6.05 71.82+5.48 65.55+3.13 73.63+5.81
/(ng/100 g FW)
BR b a b
860.62+65.81 1173.71+£70.58° 1358.89+57.75 943.45+38.79 1088.43+14.02° 117.79+7.85
/(mg/100 g FW)
N 2
T 0.24+0.02° 0.39+0.03% 0.39+0.03" 0.33+0.01° 0.40+0.07% 0.47+0.01¢
/(g/100 g FW)

TE: AR TR AN IR 4 1) 22 5 35 (P<0.05); -FoR ARG 1, T 1A
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Table 2 Amino acid compositions of Rosa roxburghii fruits of different maturities, altitudes and regions (mg/kg FW, n=3)
LR FHER
M5y BTy Eiat] LNt | Bt £
2000 m 1600 m 1480 m 1480 m 1250 m 1480 m
Thr 3.69+0.04° 17.02+0.17° 17.97+4.78° 19.13+1.75° 30.12+0.09° 13.27+0.76"
Ser 7.99+0.01° 13.17+0.25° 15.05+4.06° 17.50£1.65° 27.58+0.18° 26.24+0.78°
Glu 89.39+0.58° 70.49+1.85¢ 6.83+1.96 15.04+1.34° 46.14+0.13° 7.06+9.98
Gly 2.18+0.01° 4.23+0.04" 3.15+0.69° 4.16£0.35" 4.89+0.02° 3.53+0.10°
Ala 26.58+0.17° 67.36x1.25° 59.99+15.62° 60.53+5.65° 72.46£0.27° 34.49+7 46"
Val 13.55+0.01° 27.7240.21% 26.70+6.69™ 29.64+2.41% 53.98+0.02° 16.34+2.10°
Cys - 2.73+0.07 - - 3.44+0.16 -
W Tle 1.65+0.02" 10.28+0.07" 10.2442.69" 12.3141.14° 20.77+0.074 6.56+0.91°
AR Leu - 4.43+0.02* 3.52+£0.91* 3.78+0.37° 5.35+0.08" 2.99+0.09°
Tyr - 9.57+0.03° 7.52+1.79% 5.09+0.48" 7.15+0.05% 6.62+1.36™
Phe - 3.07£0.07° 2.18+0.81° 2.68+0.47 2.76+0.08* 3.43+0.12°
Lys 4.04+0.05° 18.26+0.15° 15.79+4.04° 15.63+1.42° 16.29+0.12° 4.09+0.15°
Arg 34.17+0.07° 195.18+3.76" 267.95£66.51°  245.57+22.04°  226.95+0.69" 10.57+7.34°
Pro 13.79+1.53* 24.4240.30° 21.3443.98° 28.78+4.29" 57.62+0.97° 11.39+0.74°
W EEER 22.93+0.11° 80.78+0.69° 76.40£19.92° 83.17+7.56° 129.27+0.46" 46.68+4.13°
SR AR 197.03+2.48" 467.93+8.24° 458.23+114.53°  459.66+43.36° 575.5£1.96%  146.58+31.15"
P-Ser - - - - - 21.88+0.76
Sar - 1.43+0.07 - - 0.76+1.07 -
a-ABA - 6.58+0.97 - - 6.77+0.30 -
p-Ala - 1.36+0.08" 0.74:£1.04™ 2.81£0.36" 2.73£0.06" 0.45+0.63°
ﬁ%@ a b ab c d d
e GABA 27.31£0.21 50.39+1.28 42.62+10.64 80.61+7.84 112.17+0.73 100.06+12.16
EOHNH, - - - 0.77+1.08 - 6.53+0.72
Hypro 0.1440.10° 3.49+1.34° 3.03+2.35° 4.06+0.35° 4.31+0.15° -
AR 27.45+0.31° 63.25+3.74° 88.25+9.63° 46.39+14.03°  126.74+2.31°  128.92+14.21°
BERMEY 224.48+2.79° 531.18+11.98°  547.91+52.99°  504.62+128.56°  702.24+4.27°  275.50+45.36"

2.3 FEIREE R SR MX AR RREEEFEMAL
D RIMENWIEEEER

MBS WESEEIAE . BTH MIREL LG
HWRASWSE, PR LRERR", BAmITANE
FAE, = R A VL (T HLIAA R . 43R S s |
o | FEPUSBK R AL Z R A s 1k, I RE R A EE 2L
SETE MR AR IR S b i = T R 2 R
R ARG R PR =l M AT AL Y kA, 2
SR THME I HIERIIE 5, HATT R . 5t
iR | B . PUEEEE I AT CHERIZR S 2
WA e Iy . BUARALSERE T, RIS TEAR

[ IS A b DX RIS S 5 BE LR 3 R, 45 R AR,
TBL BRI R S i 35.86~52.11 mg/g DW, W
TR BBk BRI R AR B
TE N 128.80~188.70 mg/g DW, It T#i%5 & 97 &
b, SRR SRR A T B IERY, %45 R S sk e g 4500
0 5 B A AR S B B e P P — 0 A B B
Bl 78.04~119.54 mg/g DW, BER THRAOM ., FriELK
JRBN IR R B = Rl 22.56~32.32 mg/g DW, L
BET TR A WK R BT R 1 A T |
BT BB BRI Y B 2 TR 52 (P<0.05),
v B R e 24 Ry AR LY 2 A A R
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B el 5.76~15.43 mg/g DW, FSZRIBLRSH £
WS B B T RS (P<0.05), AR —Hu X AS[R) IR
FHIBL SR S TG Mo i, TR R I i AR LRI
AR —F4R 1480 m 1, e THAFIAR (IR SR 52 = 2 s
B4 B R T BB, R B W] AR AN [ b DX
W BIGAMSEERA L,

JKH DPPH B i 3LERRAE S PEM IR R S BT AL TE
P, Z5RNER 3 Fn. 45REM, BCRE DPPH &>
775.15~1103.72 Trolox pmol/g DW, it THA N . Fkess
HAh KRB 55 FRIHEAL (1480 m) ] H X (52T R R AL R AH
H, MR AR DPPH H B ERAE N LR E2R
(P>0.05), FBMEEXHHIZLRSI DPPH A thILHRRAE /1 105
W/, BETSTRN B BH AT AR 45 = AL SR 521 DPPH A
P BRAE F13eR. 17 [ —IE R 1480 m HP, ey Tl Rive A4 )
AL DPPH [ H 5345 B fig i 255 T 9 BH T Al A 9
(P<0.05), FHFBIFAET , Febis S 0FA5E R R 35 ] REx] B 5L
DPPH H HZEIEFREE D, T " DPPH H MR
REIZ MG E 1.5 fi5.
2.4 EXMSH

B M LAY B i S AR AR EA TR DG A BT, AR ANER 4
TRo 4 FW, BRI AR LR A X
3 FPHT A TE A B2 (R 2 S B 3 IR A 2 (P<0.05), H
rF R BT O A A AR S IR A 26 (P<0.01) AR 1 A
FLUR L) DPPH H SV BR B (LS T & B
B 1E H 5€ 36 R (P<0.05), 2% B 30 L 58 5 p (i B oy
DPPH [ th %35 bR AE /1 (0 B2 sTmk o iR ) O R B,
JZLE S M DPPH A M 3L EBRAE 1 B B 3 IE A 56
(P<0.01), FHJst K5 AN [EIAE b & B AT PR 10040 L B A
HEEFAR, N T HE—LPRRIRUL B By =
i AL AW P IS, A AL TSI A R —
HFIE . BEAh, BT ST FE R A G A A I
FHI(P<0.01). EVETHR -5 SR &t 2 A OC(P<0.05) A
RO R U DG (P<0.05) . SR ALERE I i
W B IEAH G (P<0.01). £ WA, BME. SRS ElE,
A IR S B T2 N =SS P A TS P A BRI
4 R, BB RSO AR R B A
(P<0.05), MM AW Y& =0 5 58 2 0 S AL

Xof AN [ BB o ¥ 3 3 IX ) 0 B SR S it 2 FEPR & 5L W IEAH 5 (P<0.05) .
®3 TREBAESRBXMRBURETEEFERT EERMENEME(=3)
Table 3 Content of main active components and antioxidant capacity of Rosa roxburghii fruits of different maturities, altitudes and
regions (N=3)

R T AR
o
b E C C fRT fR C
2000 m 1600 m 1480 m 1480 m 1250 m 1480 m
B HHH/(mg/g DW) 48.84+5.66° 52.11+0.75° 44.40+2.25% 35.86+0.49* 44 40+2.16™ 119.25+7.85°
BT/ (mg/g DW) 152.82+12.5° 188.7+£5.21°Y  184.66+6.88" 128.80+10.48"  175.26+6.83° 206.48+17.09¢
B /(mg/g DW) 119.54+9.59¢ 101.79+0.89° 110.93+0.82¢ 78.04+4.14° 90.58+2.77° 156.65+5.51¢
S =i /(mg/g DW) 23.19+4.06" 28.57+3.57% 32.3242.38° 22.56+1.12° 25.60+£2.92% 54.40+4.36°
S Z 4 /(mg/g DW) 5.76+1.72° 8.3+1.05¢ 8.66%+1.57° 5.77+0.63° 15.43+1.19¢ 3.09+0.46"
DPPH /(Trolox 826.15+£148.91™  1097.85+82.39° 1103.72+145.48°  775.15+17.66 990.67+£53.22*°  1026.35+27.99"™
umol/g DW)
F 4 FIEMREIRMEX NS
Table 4 Correlation analysis among indicators
ik - ) . . .. DPPHWE | MW REILm
= COMER MEEC RN MB Mo M DT M o e
EH Bine AR R
syt 1
Al 0.70 .
sl '
R 0.95"  -0.79 1
EFEC 059 —0.26 0.64 1
SR -0.78 0.59 -085" -0.88" 1
BB 065 0.34  -0.66 -0.73 0.90 1
BEE S —0.907 0.73 -0.93" 074 0.96" 0.86" 1
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l » DPPH i B RESER
Sy MR iR C O REE AR B BT N JEF 2 .
= 1= I = S . BrfiE = e e
BT 054 077 —0.65 -0.27 0.69 0.69 0.77 1
DPPH i 035 0.72 0.44 0.20 0.30 0.324 0.46 0.88" 1
)4 0.57  0.11 0.52 0.61 -0.53 -0.56 —-0.47 0.01 0.26 1
T A .
Iy 043  0.14 0.40 0.79 -0.71 ~0.84 -0.58 -0.21 0.20 0.80 1
TR
RELE 049  0.14 0.42 0.49 0.55 0.77 0.51 0.25 0.01 0.86" 0.88" 1
Rt ’ ' ' ' ' ' ' ' ' ' '

TE: % 7R 0.01 FBIOWR), AR R, *7E 0.05 ZUN(BUR), MR

2.5 ERSAH

I ok 44 3 B 4> 43 HT (principal component analysis,
PCAYERY, 43 A7 A [a] B oo J8E R i A it DX R B 5 S5 1 o Joit
225, TS FERUPRRIEE KO 25 5Tk . RSB AT AR R,
SR 5. 6 PR, £ 5RY, EMSF1. 2, 3T
BRZRII1H 58.83%.23.19%F11 9.44%, 3 A~ F A4y Ril 2
TUHREN 91.46%, ULHIRT 3 DNEBSRET 12 MER
91.46% ML G5 B, BEEATHb fz WL IR 4R 1= 4k 56 B B0 1 15
Bo HE6 A, JUES | FRAS KD FERZEL =
. RV B, RES 2 B RN R
J& DPPH H HIFEIEERAE T, TES 3 F MU /MY 2N
RERZHOE.

Bl 1 AN TR) s 3 Tl DX P B R S 1 =
B, NESS 1 180 EF, FIRH BRI 5 AR
SRR, R E 2R EBR . AN AR IO S
TS | 1545y EEREUDN, BETERS 2 855 R —E
By22 5, T 1600 m 55477 1480 m ML SEA &
SYEES, ULHAME ST . SRS, IR A
b T IR R Rl . AT DX T 2 I AR AR AL

£S5 ERMHEERAERGRE

Table 5 Principal component eigenvalues and variance
contribution rates

EBO  FRE O FETTRER% RBUTETTRR%
1 7.65 58.83 58.83
2 3.02 23.19 82.02
3 1.23 9.44 91.46

3 gt

ABIFFEEEE T AR R R T4l DX R S5 7
WP R ATRACTE PR o 45 2R A B HAACR AR L,
RIBURIEA 14 Fhilfe s LR I 7 Fa LRI, D

FEMLEAER C W, T . i AYSEEE
Gy, RHHIEDIREE S ILTRRL. A s H & i, Hl
BT AR A4 2 C B o BAR Y 1/20, T BETR |
S R S I 4 2 T AR E(P<0.05), i S
PRI, =05 S 2N AR ALY 2 i, SR AL, etk
RIE A TR 0E5T, SRk TR B SR D Rk
BN T N RS AR o RO SRS A T A R
SO I B E LA 45 R . R AR B S s
A2 C A RbEIATR, FLrP e 1480 m AR 4EA:
C o . MEURSMM T AR . ME LR 5
PR ARS TRl 1480 m tfy, HESS iR i i LR 52
F B B R A TS Y T S BT R Y, R
WA | 1 DX DA B35 25 4 R 23 34 T g s M B SR 5
ERTT. AR, TR A AT S SRR EH IR AR S R Y
ARSI, HIBLARCRAE S T L R BE R | R I X
ML B E LR (L, HAEETY 1600 m 555 1480 m I 5L
TS R BLRE 5 s o ASBIF 45 SR T Sy S B SR 5 s v 15
Bt R R —E S
+z6 EMDBITER

Table 6 Principal component loading matrix

By 1 2 3
sy -0.98 0.18 0.00
S TR -0.98 0.00 0.16
pEyl) -0.93 -0.14 0.09
SR 0.88 -0.24 0.25
ps¥ii 0.85 -0.15 0.30
feA:% C 0.81 0.37 -0.35
SR AR 0.72 0.65 -0.07
S -0.71 0.59 0.02
MR 0.65 0.56 0.37
DPPH 3% -0.36 0.81 -0.24
A -0.58 0.76 -0.02
B 0.60 0.66 0.44
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