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Abstract ; Through investigating of the habitat such as climatic characteristics, geographical distribution, soil factors and
the community structure, main factors for endangerment of the herb were analyzed. The results were as follows: (1)
Dactylorhiza hatagirea prefered the damp soil of alpine meadow soils which mainly distributed in the northern, southeas-
tern, southern parts Qinghai Province and western part Sichuan Province of Qinghai-Tibet Plateau, as well as the wet
meadows or swampy meadows, weedy meadows, shoals, and on river banks, covering the area between 94°15'49" -
102°46'27" E, 29°14'15"-36°59'7" N, with the altitude between 2 960—4 150 m. (2) The climate in the distribution
area of D. hatagirea had the average annual wind speed of 2.1 m + s, the annual average temperature of 3.5 °C , the an-
nual average precipitation of 339.4-680.2 m, and the annual relative average humidity of 58%. (3) There were diverse
species of D. hatagirea and symbiotic plants, with different symbiosis in each D. hatagirea in habitats. A total of 58 spe-
cies of vascular plants were found in the survey site, belonging to 22 families and 45 genera. The dominant species in
Community 1 were Ligularia virgaurea and Oxytropis kansuensis; The dominant species in Community 2 was Iris lactea
var. chinensis, followed by the plant of sun-tolerate and shade-tolerate species, like Potentilla anserina; The dominant
species in Community 3 was Equisetum arvense and Pedicularis longiflora var. tubiformis. (4) Principal component analy-
sis found that the main ecological factors affecting Dactylorhiza hatagirea were soil organic matter, total nitrogen content,
total phosphorus content content, rainfall and humidity, with the load coefficient of above 0.9, followed by wind speed,
temperature and pH value, the load coefficient of above 0.8. Fragile habitats, low genetic diversity, low wind-borne
transmission efficiency, low seed germination rate, weak natural regeneration ability and narrow distribution area were
the main causes for the rare and endangered plant. It is proposed to establish the protected area at the herbal habitat,
while the research of individual breeding and wild tending should be strengthened to increase the number and growth of
individual plants.

Key words: Dactylorhiza hatagirea, endangered plant, Tibetan wild medicinal resources, habitat, factors of endangerment
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Table 1  Altitude, longitude and latitude of Dactylorhiza hatagirea, an endangered medicinal plant
R AR BR
y Geographic coordinates Sr p e L
RGN T FERRCRE gt
Code Eame Collection place s s i (’H:yi ;lumge; Collection time
. . Altitude
Longitude Latitude
(m)
1 MX T AN 22 75 [ AR A el 101°53'10" E 35°15'43" N 3200 22 2016 4F 6 H
Maixiu National Forest Park, Huangnan
Prefecture, Qinghai Province
2 HR HE ML A 100°34'12" E  34°4521" N 3500 19 2016 4F: 6 J1
Heri Township Zeku County, Huangnan
Prefecture, Qinghai Province
3 Y UL PO IR 100°52'5" E 36°59'7" N 3130 20 2017 427 H
Xihai Town, Haibei Prefecture,
Qinghai Province
4 TD TR N [ PR R A2 100°40'15" E 35°12" N 3240 21 2016 4F: 6 J1
Gabasongduo Town, Tongde County, Hainan
Prefecture, Qinghai Province
5 BT GRS 97°01'5" E 32°51'13" N 3 870 20 2016 4 6
Jiegu Town, Yushu City, Qinghai Province
6 NQ LEEGER G 37 3 SipiN: 96°24'37" E 32°014'2" N 3700 19 2016 4F 7 H
Xiangda Town, Nangqian County, Yushu
City, Qinghai Province
7 ML PR 2 T R B Kb 94°15'49" E, 29°14'15" N 2970 20 2016 4 7 1
Milin Town, Milin County, Linzhi City, Tibet
8 BS [P =L AN R g 96°42'44" F, 29°45'5" N 4150 20 2016 47 H
Jida Township, Basu County, Changdu
City, Tibet
9 SL T N L3RR T & 102°07'54" E 34°29'47" N 3310 22 2016 47 13
Saierlong Township, Henan County, Huangnan
Prefecture, Qinghai Province
10 76 PO BRI 45 R S SRR 3 X 102°54'53" E 33°45'24" N 3370 20 2017 4£ 7 1

Ruoergai Wetland Nature Reserve, Aba
Prefecture, Sichuan Province

TEHL 3 AN [] MW b 350 780 A B ABORE i
YeREHAEY) 58 B R IE T 22 Bl 49 J&  1EIE WK 4,
2.3 RS

iz 1 SPSS24.0 4, >R H 3 WL 4 o B ik
(PCA) X 11 WA EE N+ 5 B VR FRIE K+ (°F- 34
BRI RR RO B W ) AT 20 B, 5 e 2
42T A ) F BT,
3 HEREaH0
3 ERZNMBELHIEESEERSR

Wil 16 227 PR A0 5 24 =2 W R A 95 v i 22 0
A7 T 780 L F8 AR R RN R S A b R 1 A=
e ) VAR AR ) ) WM (65 M) T K

TP T B B 94°15749"—102°46/27" E |
29°14'15"—36°59'7" N Z [8], % 75 il /= J5t it 1z 24
FHAEY 22200 10 ASFREE RS IE A 25 20 R , K
Vo3 A I ER BESR R o3 A FE AL 1A 26 i 6° ~ 13°
U PN, b SRy 7 V4 VG i 2 L P R e i
2 WA BN R B 28R e £ A 1|4 BT 3N
AR e [ AR OR A X G i Ol P L TR X2
KRR EL ) AR o 2 g g ) [ L B g M R L &2
75 B Z AR B, A3 A DX S5 5 A 2R i R R
VAR EB o A A0 R A S 43 A 0 LA X 8 78 Rt JE
WHEFEFERE, NEESMWSGERE, AR
T GG TR 2 960 ~4 150 m By L% JB AR
) R TRT K I SR R ) T A R v
VR TE 3 000~3 700 m %R L,
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Table 2 Regional climatic characteristics of the distribution of endangered medicinal plant Dactylorhiza hatagirea (1981-2010)

HBIX Regions

¥
847 Indicator Mean
. value
MX HR JY T BT NQ ML BS SL ZG
FRAR- 4 Rk 1.5 29 33 3 1.1 15 15 13 21 23 2.1
Wind speed ( m +s™)
IR FARAR TR 61 -13 08 06 38 46 86 107 -03 1.4 3.5
Temperature ~ Annual average temperature ( °C)
SARAR -y b e TR 135 68 7.1 9.8 122 129 156 17.8 85 9.5 11.4
Annual average maximum temperature ( °C)
R AR 05 -77 -44 -71 -26 -18 39 49 -73 -48 -26
Annual average minimum temperature ( °C)
[ oK i B R Z oK —  632.6 635.7 598.7 638.3 738.7 891.9 390.1 733.3 862.9  680.2
Precipitation ~ Maximum annual precipitation ( mm)
BURAE R /DK 293 330.8 311.5 267.4 321.7 370.6 544.7 105.8 384.1 464.8 339.4
Minimum annual precipitation ( mm)
AR AR 5 54 63 58 56 53 53 71 40 64 68 58.0

Relative humidity (%)

PAAT Y 10 D2E R0 A X o & B 5 A Al
DX, A5 7 T 26 A EL RN H AL B R N 22 55 R AR AR
YNTINCIE RS R /N2 s P E i TS NS /S
PRAP X AVE O\ B A S o 10 A2 AR X i i
FREEAH £ (HR) (H AN PEEL(IY) (il
TR St B (BT U E AR T O\ B s S
(BS) MW fE 24 ALY 5 34 2 A e i L ) | 6 b
T i S R 38 7 9 BT, 38 T K I R
ISR, G H RN 22 75 B R AR A (MX) 734
ST LU ZR B 0 O R O B A R X
B AE R B Sk 38, R ) - R XV
54% ., HiFERMFEIEL B ZH(TD) (FiFE
M E TR EL A A B (NQ) | P8 JBOMR 2 17 R AR L oK Ak
B(ML) 57 25 B M T g 238K e & (SL) 4r A 7
TATIITE DA ARSI 0 e FIRR I VE A BRI A
HBIRSE DO BT 5 R 36 W b H AR PR X (ZG)
AT RN T ) P 2 R 54 T Y T R I e A
B il -, 3 Ab T e IR A 2 T R R R R SR
ARG IACER . SR, Y2 A
R B A YRR, Bk A K T A R
O PTRAE 55, BEALBR TR R, AR AR RS AR
AHFEAR, MX HR SL BT NQ ML Fl BS %53 4

JSIE 2 AN R, Horp X MXJY A TD3 AN A ]
I M85 53R X HEAT TR PR 2, 40 N RE 7 it
HEH 166 B, LU 10 em H— PR EH KI5 4 9
FER RIS S ERARE(’ 1), HE
AL, BEGL T ARECH 63 KR, o5 VB 37.9% 5 i
G NRRECH 91 #, 5 ALY 54% ; =5 BE G AR BN
9 B, di BVELIY0.54% ; =i BEGL IV EREICH 18k, o5 S8
) 0.06% , MFPHE S BE URRAE 20 HT , 4 A1 X S0
JER I A 42 em, B fKH 10 em, i EEL I R
R B %, T AR M R M L R O A A
A5 53 AT KRR S R v B, FEAS SR AE T A2 7 H
Oy, IEAFIFAEIA , A K08 T df  BRBCR FE R L K F
10 cm, /5 BE 9 I Rk AR St ek /D a3, 0 Hodme iy
FEHL MXT (322 5, HARFEHLAY 73.6% , X 5
MX A B N S E A LR, Y Frib s
22 PR AR T A = R, BUR R R A 2
FEMAIE, TR RN ffh REE KRS
ZRAF AR =% I B R/ T e B T IR A
HRZE R/ NERRA — 2 W AE AL, AR 5 Bk 43 BE T =X
ANl 2 T 3 e B 25 S R
32 BRESHHMRNSIRESE

Wil 16 245 PR A0 2 284 4 A 7 s iR 22 93 A 196
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Table 3  Table of soil organic matter content in the distribution area of endangered plant Dactylorhiza hatagirea

K30 H Testing items

e EEEEIR g
Number nzzn?cmn Soil type BA B et HHL
Total nitrogen Total phosphorus  Total potassium Organic matter pH
(dry, g+ kg') (dry, g-kg') (dry, g+ kg') (dry, g-kg")
1 MX 1o L1 7 AR ) 14.19 0.784 14.8 257 7.4
Alpine shrubby meadow soil
2 HR [SE XN 2.96 0.386 17.9 24.2 7.6
Alpine meadow soil
3 JY [SES R E 6.1 0.468 14.9 128 7.9
Alpine meadow soil
4 D [SE SRR 6.8 0.685 17.6 117 7.6
Alpine meadow soil
5 BT ey FE ] L 2.63 0.372 17.4 32.9 7.6
Alpine meadow soil
6 NQ [GES LN KR 2.13 0.564 15 19.3 7.7
Alpine shrubby meadow soil
7 ML ey FE ) £ 3.25 0.26 13.2 75.6 5.1
Alpine meadow soil
8 BS B FE )+ 16.97 0.753 16.5 351 7.0
Alpine meadow soil
9 SL (SRS N W 2.88 0.373 17.1 30.1 7.6
Alpine shrubby meadow soil
10 7G [ESN T W TERE S 6.5 0.244 11.5 78.12 7.8
Alpine meadow soil and marsh soil
WA LTHES, DR MBRR s, E325n
45 - N § —
ol - A5 R 3 TR, 45 4% 25 15 IS AL R A, BS
B >20 cm - > N
= 35 Do ML 43 X BAEAEF- 2365 43938 10.7 °C (8.6 C.,
o - NN wh, — A I
20 Qw0 o EFRIREEE SRR , AR I P BB W HR
4 25 4 N .
° TD ,SL 3 T r 4 X, B b s 22 K, HLJ 10 A s v
5 20
()
€15 TR BARMHLIX . ML NQ J3 7 X W A 54 1
=
& 10 B, 709000 891.9 738.7 mm, HiHr, RARAE P-4 X
¥ 5 s ; . .
5 , , Hhb = N AN P E X, 8 3.3 m - 57
™ *r{Yz& MX1 MX2 T BRI A BRAL, A 1.1 m - 57 BARAE 1 0%
=EZk Height class NN - N N
e FETE VO B AR T A\ B ik 9,8 17.8 €L &
1 R R A AR BRI e i m m N E R FH £ 0
Fig. 1 Height classification of -7.7 C ,;%iﬁﬁiﬁgﬁéyj(ﬁ?’{@ﬁﬂigﬂiﬂ@[ﬂ(gﬂé

Dactylorhiza hatagirea population

o W I P 0= N R R I o e W 7
FRu] DL 4340 DX #0 e 48 B5 K 3 F8 45 25 85
i, FERL00 X RARE T ERE N 3.5 C, B4
AR B i A R Rl 680.2 mm , EAF S MR G B
K 58% AT X BAREAR V- L BE R R AR AR F 1 [

MAE, R 891.9 mm, AR fie A [ /K 1t 7E DU S D
Hi/\EE 5 2 0 105.8 mm; RARAE B A XHE
FETE 40% ~T1% 22 8], DU )1 By 0P 5 7K 36 98 b 8%
PRI X R 2 0 A Xl T o A AE TR b VR X
T T R W KU X X A R AR
MR, B 25K, R A, B AR I T+ 22
MG (X% +45,2017)
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Table 4  Statistics of the species of the resources family of traditional Chinese medicine plants
in the endangered plant Dactylorhiza hatagirea community
R HA e e i gk
Code Scientific name peneric total genera Species total species
(%) (%)
1 %%} Compositae 8 18 9 15.5
2 ARZAF} Gramineae 6 12 7 12.9
3 % %8} Scrophulariaceae 3 6 6 10.3
4 JeHERL Gentianaceae 5 10 6 10.3
5 BBl Cyperaceae 2 4 3 5.08
6 E Pl Ranunculaceae 4 8 4 6.8
7 TRl Rosaceae 1 2 3 5.11
8 ZF} Polygonaceae 3 6 3 5.11
9 2%} Orchidaceae 2 4 2 3.4
10 H A F Liliaceae 2 4 2 3.4
11 TRl Leguminosae 2 4 2 3.4
12 B EF} Iridaceae 1 2 1 1.7
13 +F AR Cruciferae 1 2 1 1.7
14 AT TBl Elacagnaceae 1 2 1 1.7
15 % HiiB} Plantaginaceae 1 2 1 1.7
16 A FE Umbelliferae 1 2 1 1.7
17 {738} Potamogetonaceae 1 2 1 1.7
18 JEEFRL Saxifragaceae 1 2 1 1.7
19 WtiRL Sailcaceae 1 2 1 1.7
20 AIEFE} Equisetaceae 1 2 1 1.7
21 AR Primulaceae 1 2 1 1.7
22 i R} Thymelaeaceae 1 2 1 1.7
&1 Total 42 100 58 100

33 BRESG AN TEESN

T332 HARPRIR (AU AR K SC b BT BE T
ZE) FINA R 2519 5 i 0 24, A 0 N A 48 mp o i
BRYF(N.P K FmEn®) ko, 2566 1E
MMA YK & F I RY FEIEA A LRSS,
I X 10 AS2EZ L0 0 X A HLR S £ 3% pH
H BN B PR K AR SCo BT B R TR 2 4 >4 4y
A XA A VLTS RHEE N B P A K A
KMEIEA—E, H, HR JY TD BT ML, BS %4}
A7 H X LA 5 FE 5] £ o0 3 MX NQ | SL 254315 s [X.

DL FERE N A o 352G AT SRR JHE L
M F . HRJY BT BS 3 A5 75 0 7K 9 f5# it 3 1) fE
I, BRSO B AR E A K
BRI, TSR, N 45~50 em, JY 4340
SRA PR S RX 128 g - kg, BS 206 SCA WL &
WA 351 ¢ - ke EMA P S R PR
BT ko e (R HEL DX

NQ 734 i A BE b Tor A fE LA MIE N T | 3%
HMERS, AR LB AR, AL S & 19.3
g-kg'o BSOMMENFTEHRN16.97 ¢+ kg, NQ
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Table 5  Statistical tables of different grades of wild medicinal plants in Dactylorhiza hatagirea community

di SRR

4 g K 2 4 Fih 2y

i H . Percentage of . Percentage of
. Number of total number Generic . Species .
Project o . total membership total species
families of subjects number number
(%) (%)
(%)

w8 Ll L 1 4.5 1 4.5 9 15.5
Containing more than 8 species
& 6~7 Fl 1 4.5 1 45 7 12.01
Containing 6—7 species
o 4~5Fh 2 9 2 9 10 17.2
Containing 4-5 species
B 2~3 6 27.5 6 27.5 18 31.1
Containing 2—3 species
Eav 12 54.5 12 54.5 14 24.1
Containing 1 species
A1t Total 22 100 22 100 58 100

AN SRR 213 ¢ - ke, A T BTA 4
M TP BN FEEMHAK S®ERkm, -
B N AR 5 AR 4 A i R AR A % B MX 5 BS
SR AT R B 2 A L XA R bR X
HEHh N SREARKWER, 5D P fefl
YT AL AR S B3 MX 5 BS 43 i 3 24 22
PEIN B AL I A IXAE G K S P 5 U FE L
WRRE ST, K TE 43 A DX ) ok 45 v . b pH
H AR — R AE 6.5 ~7.5 Z 8], ML 43 4ii [X. pH {4
N 5.1, AT X AR Y, pH AR 23 (AR ) BT
T K B IR0 R R, ML 404 X K f L
AL IXAR, K A G 4 I [, AT 52 me) -+ 38 57 43
AL WAL, SRR R S R O AT
3.4 BR=BENEREN

10 AHF U RE V% R AL 25 R R 2200 A T
e L DN RIRE ) T AR AT L 3 T 32 98 DA b
PR RS AL TR AR )2 i TR A
], BE VR AR BOIR Sl A AR, 3 A3 R 22 I AT
] v AT AR SR 58 B, SR E T 22 B 49
Ja . HEd 1 P BRI 15 B 29 J& 38 B,
BiHP N /N B ( Carex parva) | 85w 5% 5 ( Ligularia

=gl

virgaurea ) F1H 7 5 ( Oxytropis kansuensis) , % %4
2O REY), Ve 2 AR A Y 15 Bl 28
J& 30 B, M D (Iris lactea var. chinensis) |

R N #8502 B2 32 ( Potentilla anserina) /] & B
( Carex parva) %5 5-FH FHI AP FE, S 3 Hdt
BARAKEY 16 B 28 J& 33 F; REFL N 3F 6 &
580, ER 3 JE 3 MUK BRR 3R 3 Bl 2R
M) I8 ( Equisetum arvense ) . K AL & B ( Kobresia
macrantha) U4 X 5 J& B 5685 ( Pedicularis longiflora
var. tubiformis) SFAE Y , T UGS Fh Z2 0k | % BT
A WA 24 AR ) 5 2R =2 00 A XA v LA Dl B B
FIFEUN T AN FR G (R S) .

By A Wife 2 A ) R BT P R £
SR AR XK i 2 000 R,
I 75 980 5L o A Fh, RS REE P X
2 TSk A A A5 S5 A ) i S A 15.5%
LRHCE 9O R, KR W X SRR e IE B SE MY
FHECE 4~5 FRHE 2 4, 400 8 e IHE AT B =
B, 23 075 B AR WA 245 IR ) 25 224 22 BV b Y s
FECH 45 T 10.3% .6.8% , 3% 2 B EEL A BE
BFPEY 17.2% , FECIE 2~ 3 FERLA 6 A, 4
SAZZE SR AR HA R SR, S
B 10.3% .5.11% ,5.08% .3.4% 3.4% , 5 BB
(1 27.5%F1 5 SR ALY 319% . H 1 Fh Rk
B RENCERCLL E oy R, 5 SR B
54.5% , 15 BFNECH 24.1% , AT WL REVE B £ F
LR 2R . J3 A DX PN 2R B ) 3 98 AR O 35
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R6 HEHLEEVIBEITHIE
Table 6  Statistical description of associated

plant distribution in communities

g PERPIBOR g FEERE gy

Population Number of Coverage Average Average
associated number .
name (%) height
plants of plants
MX 37 5.4 5.7 22.6
JY 37 4.2 3.8 17.2
D 31 5.2 4.6 26.5
xT BENDAE
Table 7 Total variance explained
PR T7 TS J7
MEBATT A R
IR EHT e
Ay FEAFE Extract square Cumulative
Ingredient Initial sum load percentage
eigenvalue variance of rotation
percentage square sum load
(%) (%)
F1 6.31 48.54 48.54
F2 4.22 32.42 80.97
F3 1.50 11.58 92.54

F % FL( Compositae ) . Z Z B} ( Scrophulariaceae ) Fll
JEBY (Gentianaceae) o JEH A L) B L JY
W% 5 R AR BLL MX 38 &, BRBCH L TD
B (R 6) .
3SHERFEBHEFERTFHRERS TR

AT SPSS24.0 A4 X FRIFEP - 11 A2 5 il
HEV D 3 EAT R o B, 2 A 45 R AN 7 i
B =26 F o BB TTER 0 B A 48.54%
80.97% 92.54% , B AR FK WX = JE [H 1 RE LU b
il AR 109 £F A BR B R I P AIE

[Fi) AR 4 4578 Sk 0 p R ACES SR AN R 8 i, 28
1 ERS, BN S P A HL R R AR H oy
IE, HREFEFERZBKE  REFRDEKE R
ARARSF YRR B O B o BB R, 5 2
H, FARAR B XGE | RAR AR K | R AR AR
e e il | R AR AR T 1 B AR B Y B R ABOKR
HIWIE, FImf pH (B S gty , AR, 2 3
Gy AR RS R H BRI T R M B AT, B
HIE,

HRAE 3 A TR 1 R 7 B 45 RO T %Y
AR SREER RN . (1) REDLIREOR R | U

x8 MEMSER

Table 8 Rotating component matrix

1847 Index F1 F2 F3

BRI AHE Wind speed 0.080 -0.840 -0.388
BUEAE IR E Annual average temperature 0.303 0.950 0.012
BUEAE B IR E Annual average maximum temperature 0.260 0.942 0.124
FPURAE B AR IEE Annual average minimum temperature 0.269 0.947 -0.082
SR Z K B Maximum annual precipitation -0.889 0.086 -0.407
BUEAE f /D /K B Minimum annual precipitation -0.838 0.135 -0.507
BARAE TN EE Relative humidity -0.724 -0.183 -0.617
S Total nitrogen (dry, g - kg") 0.932 0.313 -0.014
S4B Total phosphorus (dry, g - kg") 0.903 0.041 0.112
S Total potassium (dry, g - kg™) 0.071 -0.603 0.658
A HLIE Organic matter (dry, g - kg™) 0.907 0.377 -0.057
pH fli pH value 0.273 -0.736 0.457
134K Elevation (m) 0.238 0.238 0.919
H B % Sunshine hours 0.033 0.005 0.836
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REHREZ KR
Maximum annual

precipitation

B R/ IKE
Minimum annual
precipitation

s rgiixgg ©° © pHIE pHvalue

Relative humidity

H BE 4 Sunshine hours

WP Elevation (m)

ﬁmﬁfi Organic matter

(dry, g - kg")
AP Total potassium
(dry, g-keg")

KM% Total nitrogen

M5 T% Total phosphorus (dry, g - kg")
(dry, g - kg") s

RGP0 iR

o Anaual average
maximum temperature

SRR R ) A
Wik spocd ® REETIRICERY

Annual average
minimum temperature

BT R

Annual average temperature

B2 Jess e i K

Fig. 2 Load diagram after rotation

A A A P il B — S AR AR TR, L E
FAEEE RIS B RS T (2) 4R B R A
AT AR XA B 0 2 2R 22 ) A A AR R A 31 A AR
P, S ARAF A0 552 ot 9 A5 A5 1Y A9 49598 G O 38 A Bl A=
TEWIARTE . HSEANOR, Sl i 2 v i 8 25 T AE )
FER R DA RA W MR E A, e, Al
R 25 SR i RO A B AR B AL 5 KK ), B
S A A TR R BE PR OR E RN M TR K
(3) XA PR N A LB & i R B, N XY
FEREEJEEM N &R K A
AR N HE i 2 S EUM R B /N LA R
P i B (e R AR S A, B v R B B FE R A S
P, iR S A A K 18 RS BN D, M
SN SR [ R ROR R X T Y
I PR R R A H IR EOR R R
TEAIEAEE BN B P AHLBHERI TR

e R B T A R AR B R BN (B 2) .

CEEORA N TR i Y WA SR
P 50 1 285 ma 5 24 22 40 A i IR 7 ok - G AL
B N B PR R AR A R HE 0.9
DAL 5 2 2552 K Oy BRARARE S XU | R AR AT
PR R BARAE B i e R | BARAR T 1 R AR
FEF pH {H, ok RECFE 0.8 LA L 28 =258
KA iR i B R L3 s RO 7E 0.4 LLE

FE TR B AR A AL B S | 4 R
TR A L B R B A T o R R A

F1 = SR x0.932+ 5 x0.903 +45 HL T x0.907 - &
AEAE I 22 [ K B x 0. 889 — B AT AF - 14 A X x
0.724) (1)

F2=—0.840x F A 4F 24 AU+ 247 41 347 3R <
0.950+ S AR AR V- 1) i (w1 B < 0. 942 + RAFRAE - 3
FAR IR Ex0.947-pH 1 x0.736 (2)
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F3 =74 x0.919+ H f&x0.836 (3)

& EWIrEEE1R)

F=0.4854 F1+0.3242 F2+0.1158 F3 (4)

R o 25 B 15 o A XL b B 22 )5
R =KW F 858 Rk 9 FroR, 8B4 50 ]
DA firp 8 7 e D BT A A 2 AL S 2 22 1 A B
frik, ity AW AX(4) o Al ERr 1 i
IMEFR KR 2Z R K, RIEZE AL LUE
th, BARAR B 22 [ K S R B8 AR A 7 4R X I B AR
R B [ 5% e L, 3 B T 048 A X 120 ) 52 e 45
KB AR RN B P A PLETAE R S ARy rh
Bl e W S A, AT RS U R DT S 3R T2 A
1 AR S ECON W E  t Fr 2 I, RAEAE
By | AR AR 0 B | R AR AR 7 34 A e T
B B B AR B S AR S ERFE A, pH (LAY
2 IR 2% B XU L BE FE AR AT ) 1Y
AR SR RS ), TN 23 X %R ) ) I IR R
T A )50 5 [  E g 3 TR IR A H O BREE AR
ABIEAENTEIR R 25 0 E 22 o W i

4 T

4.1 ERZHENEEZHEF

T AL e VI e A ) 4 2 SR R 2 R 25 )
Z— BHABREWAHME, A5 F R
R A 2 AR W) % 4 22 B — > ek Re A RO AD
FERABE/N | AR/l F 00 A Y il g 28 2 5
TR AN F BOR, TR M A S 1 SRR A
TEL VR ZRIRAE T, 22 R g SR AZ A A, A
FERSE AL S5 AR I R 52, S A P 7E A 4R
S v (18 1 A7 22 B R BRI
4.1.1 A EBARG MY F L 20 R KR
T e R R Y SR IR BT, SO0l 2 2 22 X A A A
BRBER M, — BAE A B A oA AR ARk A2
PR, AR R T AR SRS AL T, R
ol e SR A S R g b R b | vk AR AL
KA WK EFEUG YR A TR LT IE
WAEAEFURFC A ERES , sEma T FLBE IR I 5 P 3 AR

R9 ERNEERISBREIT

Table 9  Principal component comprehensive score descriptive statistics

Tl
. o o Avere lue EZE
Wt UM A e value e Jrd
Ingredient Minimum value Maximum value 53t R deviation Variance
Statistics Standard error
F1 -4.81 7.76 0.00 1.33 3.98 15.88
F2 -4.55 5.77 0.00 1.33 3.98 15.81
F3 -1.06 1.85 0.00 0.34 1.03 1.05

VP22 Bl 28 0 B IR B T B (BB & 5F,
2016) , HEH H BB (BRIRZARAE,2017) .
XY O I B R RO A B
AR LT 2 RS, B ot R
KT REEART 0, HAR BTN, Al DL 2 222 A )
BN FHOCI SRR R R NR, NER
oA X RESR R AT Y, P MUK o R A ) AR
T P A PR A 1 SR BN R 2 R i ) b 22
FEPEAS R A DR N 3R 2 — (BRI 7R 4E,2010) , K
P R I, BRI T — LE B R i) o A, A e

ZAEPENZ B (2 I 5, 2013) . THEIFS K
PR, E T R DTS A R S IR A 2
900~3 700 m Z[1] ; B 5 = AWy g 2 KA 1) N/P 4%
&Y, B3EA VLT & & BT AR AR KO
A MBI R, WER A5 LRI T LR
H pH XHHE I A K Kk R 2, R A
SEXF R b B AR W R R e R A )
SMIIEAS P AR A K R DL B R A
J7 A2 (FEERAE 2017 ), MARR = FIRE V% 43 A >k
F AR AR A A AR TE G K &R A i 7R
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I R RIK R A B A A I

A LR Y S IRE | H R R
W R R EE ARE NG A R E T TA
FIRPIRAS , B S 8 24 22 A v JE M 59 AR 85 N A bR
B/ oA KA R R 2 — |
412 AXZFED A TR ARG RS RAAAY R
AR A NEMRZ JFIE T B R
THe A IR 5 s A B O a, HE AL IR
TR ZE AL RAB GRS, HA Wb SR B IR YT R
B AR T8k, 25 A (8 v, RS 2 8 25 )
Z—, MYTERK, Z2FR WM, BT R
AEON” SR Y R AR T, F
kR AR S REA S, R R K, X AR
MR TR B IR R paE R A, K
WIXEDME &, N JE 20 0% 05 o BELAS T 5 A4 % U
e MANHZ —
413 ZHEYME T LA TRHRGEAMEME
HLZHMIRE N AERE LR RS
?ﬁ,ﬂﬂf?ﬁﬂﬁﬁﬁ%,d\ﬂlﬂﬁ%*,jﬁﬂlﬂ 20 c¢m
PIR, 2R W B 1 IR 40 40 A A 52 4, R B i
IR YRR 2 802 B ) 1 Bl 7 78 1 &
B B s 4 MK TR AR L A Ry LR PR IR 4y W R R AR
%, hti o AR K 208 S B50RF A AR I F AR TR AR
55 (VFMESE 2015) ¥R R EREE OB, 1
HARAAE T 3 24 228 1% Z AR EAL, KUBAE #E 30%
I, Bl 70 & A, FiORE AR BT AR 1 59 A &R 2
SEZMHYTE DR E Z —,
4.2 BREZPFEPTE
421 R 2T ARy HWABENELS
SR AR TS R KR A F I E AR,
2P EPRE R BN A B (Ramula, 2010) , 7
PPORIRI g 5 2 2 AR B R R L LUE fE R Y
JT, 354 2 DA SIE B A R 1 50 R R R 1 R T
DU R L DA A7 Al /0 Bl 1k 4k 2 1) i A
e S 4 b 7 70 S I AR A St e ) FEEE ) S R
JEAEBEOR r 2, R AT 225 o A KRV R o
TR b7 1B K 2R N SR A2 R A5 DR 2R il
WA KA, BT R B8 =X,
422 FRFIEF SHBM ALY =ILHA
SRIRA X 27 75 B R ARR AN Tl 45 K 5 1 4R AR

PSSR — o SR W S A ) s e, K
FEE PR X FRARA B N b [ 88 PR A4 X%
3T TE X P LAY b 7 A 2 2 R BRI ) T A
PR IX, ST DX PN 3 B AR A 38 A R 55 Fn A K
i, SMTER Y RE BT R T AR
S BRI AE AR M B A AR 3 b MR T 25
B AEE R, R BRSPS TFB, 0
A7 DX T A N TR A5 TG i 28 2 R R Ak
F7 o S0 A B R 4 R AR 2 AR ) R 2L )
CIESEZ 2 DA S IR I e e | W N T 1 e
EE AR AE R SRR I AE AR LR E, H
AT 0 e S Az i & S H AR AR B R BEREAT Y
B HEMA BN HE BV AR R H Y,

4.2.3 BANFREAFH R H R WG 28 R
Py 5822 HATFRE LT /IS AR B /D ) i 30 A
RS SRR AL R B B R 2 AR S AR SR
AT R A . WG A R 2
YRR RS R B R R AR B M 55
PR T RN 05T [ I A N7 7 960 ey Ji A 1
YRR TR AL E AN Ty EIiH, =
FEARAY 2 FHAR Wi fe 25 - YRR — &R
PRI & B AR T2 T AT PR B AR

424 FRSHEAEF  EEGH AR
o 9 e i DR 8 i D TRV A e IR BT
ERAERRZ T KRR ZN B REAEY,
TR I 2o T o B A 2 A 9
2 TSR R T T 22 07 TH R M B T R
54 > ST A R A 85 RN ) AR I 5T )
R A E SRR EEAE AL R Y
Hh B AR AE 25 FHAR 0 1) 38, BIR il R B4 4
R RO T B R CR A AR B S A
B A Wi 25 A A S TF B2 —,
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