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[ Abstract] Objective: To investigate the ecological environment and associated plants of mountain
cultivated Panax ginseng were investigated in Xifeng county, Kuandian Manchu autonomous county and
Huanren Manchu autonomous county of Liaoning province, in order to provided suggestions on the development
of the mountain cultivated P. ginseng in these areas and necessary reference materials for the analysis of
ecological suitability of mountain cultivated P. ginseng. Method: The field survey was conducted through
sample plot survey in the survey pattern ofbased on representative area-sample plot-quadrat, literature review and

data collation, were conducted to record indicators, calculate relevant parameters and make summary. Result:
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The associated plants were investigated based on 42 samples of mountain cultivated ginseng collected. A total of
95 plant species were identified. The correlation analysis was made on the six main species with an occurrence
frequency of higher than 33%, and they were all positively correlated. Asarum heterotropoides var.
mandshuricum was the strongest, which was followed by Schisandra chinensis, and Tilia tuan was the strongest
in the arbor layer. The survey also found many problems in these areas, such as fewer large-scale planting bases,
more scattered households, mixed germplasms, irregular planting techniques, simple planting mode and less
sources of economic income generation. Conclusion: Xifeng county, Kuandian county and Huanren county of
Liaoning province boast a superior ecological environment and abundant resources of mountain cultivated
P ginseng. The survey gets the whole picture of the ecological environment and associated plants of mountain
cultivated P. ginseng in representative areas of Liaoning province, so as to provide the basis for the further

development of mountain cultivated P. ginseng cultivation industry and the promotion of mountain cultivated

Panax ginseng economy.
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Table 1 Geographical position information of different samples with mountain cultivated Panax ginseng

Ff: ERIT =) S
74 = S W A R 2% S I N 1 N42°47'43.33" E124°29'54.28"
2 N42°47'42.23" E124°29'54.37"
3 N42°47'41.68" E124°29'55.19"
4 N42°47'42.46" E124°29'58.66"
5 N42°47'43.02" E124°30'00.45"
S ) T I 9 B R ATR T8 AR AR 3R] B i VR 3 6 N41°03'47" E124°36'57"
7 N41°03'41" E124°36'52"
8 N41°03'38" E124°36'53"
9 N41°03'40" E124°36'55"
10 N41°03'23" E124°36'55"
INVEZ; B Ak 11 N41°04'38" E124°37'33"
12 N41°04'31" E124°37'15"
13 N41°04'25" E124°37'16"
14 N41°04'26" E124°37'15"
15 N41°04'24" E124°37'20"
16 N41°04'23" E124°37"20"
17 N41°04'22" E124°37'20"
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(Fraxinus rhynchophylla) , % Ji ¥ 3 (Viola
acuminata) , KW % (Spuriopiminella brachycarpa) ,
b 412 (Asarum) , 1L T WK F (Schisandra chinensis) ,
* At K B & (Arisaema amurense) , % M 1 &
(Artemisia stolonifera) , 3R & X & 2§ (Saussurea
pulchella) , % ¢ % i (Dioscorea nipponica) , KT K
(Gerbera anandria) , 7% W ¥ & (Adenophora
axilliflora) , % W 1> 2 (Adenophora tetraphylla) , faf
H 1 (Hylomecon japonica) , RE 2§ (Smilacina
Jjaponica) , 4 B Bk (Parathelypteris glanduligera) , 3%
#r W3 (Astilbe chinensis) , L 1T (Polygonatum
odoratum) , >4 % F+ WK ( Cimicifuga dahurica) ,5E k%
(Vicia unijuga) , RAITE (Impatiens balsamina) , H 3%
B (Artemisia sacrorum) , 2 % (Rubus parvifolius) ,
¥ %F (Duchesnea indica) , 111 % & ( Liriope spicata) ,
75 0 & fF (Pimpinella candolleana) , B M 5 R
(Urtica angustifolia) , 4 )3 ( Angelica sinensis) , T
F (Streptolirion volubile) , % 3 ( Smilax china) , 1.7
(Artemisia japonica) , ¥& W ¥t ( Galium aparine) , %
K At (Pilea , % % (Ophiopogon
Japonicus) , 55 W & ¥ (Carex siderosticta) , 5&
(Morus alba) , 8 JL T ( Cryptotaenia japonica) , K
F# (Cardamine hirsuta) , & %i 5. ( Lathyrus odoratus) ,
A Bk Wk (Juglans mandshurica) , 11 %€ ¥ (Cornus
officinalis) , % 4t © & (Lilium distichum) , W & %4
LR
grandiflorus) , 28 5.3% (Sanicula chinensis) , X M ¢
K F¥ (Cardamine macrophylla) , 22 7% (Veratrum
nigrum) , ¥ i 3% °F 72 (Epimedium koreanum) , [ J@
¥ (Salvia officinalis) , iL & #k (Quercus
wutaishanica) , ¥ 25 JE % (Viburnum opulus) , ¥ 2
F 7% 3% (Rabdosia japonica) , WL 7 F (Brachybotrys
paridiformis) , 55 Fk B (Lychnis fulgens) , Fl 25 8% & %
B I8 (Phlomis
umbrosa) , i Wl F+ (Glechoma longituba) , ¥
(Quercus mongolica) , fit 7 Mt (Betula utilis) , Wik B
(Acer mono) , ¥& M ¥ (Larix gmelinii) , J\ fi
(Alangium chinense) , W] K & & 3 (Potentilla
supina) , 2. ¥ (Pinus koraiensis) , 7% 4t 11 15 g
K (Aralia
chinensis) , J& %f ¥ (Agrimonia pilosa) J 11 42 ¥
(Parasenecio hastatus) G TRMRYEE x W) R AE S y
FET5 B0 A 1 Uk, DUSE x )l s 0 S O B8 DA
T7 BB TR A R B R o e, T
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(Saussurea  japonica) (Platycodon

(Dryopteris  crassirhizoma)

(Podocarpium  podocarpum)
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Table 2 Main companying plants of mountain cultivated ginseng

No. Wb B A /%
1 M2 Panax ginseng 100
2 Y=F Asarum heterotropoides 48
3 TR T Schisandra chinensis 43
4 B3k 3 Vicia unijuga 43
5 TB¥ Euonymus alatus 38
6 X158 B3 Viola acuminate 36
7 WM Tilia tuan 33
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al(a+b+c) ,PCAEB [0, 1], HAH IR T 1, R WX
ol b ) TE BB 495 b X 8% . AC R P SH 56 B Aol ) K 4%
FEM A KRB a,b,c,d ) LR F o 4 ad=be, W
AC=(ad-bc)/[ (a+b) (b+d) ] ; ¥ bc>ad, H. d=a, N
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Table 3 Investigation on ecological environment of mountain cultivated ginseng

FEJT MCG ¥ J¥/em  MCGHiE  MCG %% /% IS A B /% Wkm KRB RS i 1)
1 35 10 22 0.91 334 42 25 Jethi 7R 74°
2 45 13 32 0.91 330 46 47 At 0w 7 29°
3 30 15 30 0.93 347 43 44 dbfhi 7R 43°
4 37 8 20 0.93 346 48 29 dtm PG 12°
5 40 9 28 0.93 322 46 35 Jethi 7R 16°
6 50 1 1 0.92 650 33 33 Jb A 7R 80°
7 50 1 1 0.92 650 33 33 At Ak 7 80°
8 29 2 5 0.94 655 35 32 etk Zs 67°
9 34 1 3 0.94 660 41 30 Je A vE 6°
10 40 1 3 0.94 640 33 35 et 4% 74°
11 29 3 7 0.96 560 33 25 JeAm Ve 175°
12 29 3 7 0.96 560 33 25 deAm Ve 175°
13 29 1 2 0.94 730 44 26 deAm Ve 174°
14 25 7 15 0.96 720 40 28 deAmvE 173°
15 32 2 5 0.94 580 39 35 Je A vh 153°
16 31 2 2 0.91 674 40 26 de A vh 142°
17 42 3 8 0.96 684 42 26 At w74 145°
18 31 3 8 0.94 884 35 45 At w75 81°
19 31 3 8 0.94 884 35 45 e A 7h 81°
20 32 3 6 0.94 884 35 45 e 7 81°
21 32 3 6 0.94 884 35 45 e A 7 81°
22 27 5 13 0.93 883 27 44 dt 0w PG 129°
23 30 5 13 0.93 883 27 44 db 0w PG 129°
24 42 1 2 0.90 677 50 54 et 4 65°
25 42 1 2 0.90 677 50 54 et 4 65°
26 36 2 5 0.94 700 47 44 db s 151°
27 35 3 8 0.94 696 37 35 db PG 153°
28 30 3 8 0.94 696 40 25 db A PE 153°
29 28 2 5 0.95 694 41 29 de PG 155°
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K7 MCG & #/em  MCGHiE  MCG /% B AT 2 1% WAk/m BB RE/RE R R b R e 1w
30 23 1 3 0.95 441 28 44 b AR 15°
31 23 1 3 0.95 441 28 44 et A 15°
32 37 1 3 0.89 496 45 42 b 7R 111°
33 36 1 3 0.92 493 54 55 et A4 54°
34 37 2 7 0.92 492 62 67 dt 4w 75 103°
35 39 2 7 0.91 492 62 52 db 7R 116°
36 34 3 8 0.94 473 46 42 i 4% 28°
37 35 15 40 0.85 605 34 54 b 4 25°
38 35 15 40 0.85 605 34 54 e 4 25°
39 37 25 81 0.90 630 37 40 Jb i 74 3°
40 39 25 81 0.90 630 37 42 i 4 23°
41 38 14 46 0.93 620 32 37 Jefhi 7R 14°
42 41 16 52 0.93 500 34 33 At i %< 8°
H:MCGHMTFIIZ),
x4 FEAMRHETLSHERRKRT G
Table 4 Growth status of mountain cultivated ginseng in different areas (X+s)
JHAT H X n 5 B fem S H4y 0 -1 75 BE /%
7 LW R R 5 37.400 0+£5.594 64 11.000 0+£2.915 48 26.400 0+£5.176 87
G Tl R B R 1 AR AR 24 34.000 0+6.858 82 2.541 7+1.503 02 5.958 3+3.827 58
A B R BT 7 32.714 3+£6.799 86 1.571 4+0.786 80 4.857 142.340 13
EA N R BTS04 6 37.500 0+2.345 21 18.333 3+5.202 56 56.666 7+19.366 64

AN TRy P 22 (R A7 A % 52 4 0 i R) O 3R, A ELER
R AHE 2y A EARSE & PR AR I 20k
A AR W 8 B A — o R SR, AR SO
PR 12 AR TR RE TS o B % K >33% 1Y 6 4~ 2
PrFp kAT 7 OCER R 23 T GE i WL R 5. F (Rl K 4G
JE AR AN R Py A e 25 (] 4 A b B S5 M A ) Y R
S — A PRI 5, BRIV B Ik 45 R E IR &, B 1K 4
BH 11 2 A I 5 100 B0 888 45 10 AS [ 50— > i 114 A7 72
XF o — A B A FI I ELRE HE R IE I &5 D) 2 B 2 A4S
Xof Xt P % 25 5 AR AL RN B2 — A i I A7 AR X
T — AR R AR Il 2 B H 3 A A Y
] SC e, BRI IE DGR OC R, 6 EZ YA 54K
TS B E K, 4= I ME R ik, RO Uk ¥
HodirEg FREAR, A% TE THEARE, TARZE
DIABAM I P fe o o 2 F1 3,2 F1 4,2 F15,2F17,3 Al
6,416,565 A,
3 itig

T EMT IS0 EE A LRI X, s
T R B A B R R F A B AR, b AE (L
2T 2008 4 3K [E Z A B Ry b o S b b B AR G P

di DR APk B XY A S PR BE AR TR R AR T L
S0 FPAE o A R KBS AR L 2 1 A DG B
AR GE Ui KRB AR T 277 L, 456 A UCHE
T A 25 R A UMK TR AN AR ) WA R AR
JEREIR R ER A e i, AT ELEE A T AR A AR
TE I B AR, A A 8 22 5 N TR AR, I
JCVE AT P A R RE IS R AR 20 A o ARTT 1L 2 B e
FINATEAR FEARE A NE)ZE W R AN Y) = )2 B
TR BHOCEEAR TS I 2 K BDEL A 2,
FHMAT LS EEEERRERY 2, X8
ZMR R E IR L SART IS e 4, Ak T
2K METE RN AR HEAR R A ) 4
PR B 5 AR I 2 K Sl — i, i B 2015 48 fi (b
] 24 3 ) JL e ART 1 2 0 R Rl 7E LI AR BT AR RS T A
RAERK NS MEREST 28 il T LA K3 B AR 3
AR CEEAR (3R 7 1 5 2015 4R R 24 ) 1 B
AFE, ABEFR T RS 7l T 27, A2
HIEE X ERMTILZ". MR ILZS M, K2
RPN E BRI R E B R R & AN
AU 4 BRI 05 B B ], s 2 AR
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Table 5 Indexes and statistics of mountain cultivated ginseng in different sample plots
it I 2 1k ACH % PCHH Ochisi 1 51 Dice # 41 Jaccard 45 %
1-2 + b D 0.476 2 0.690 1 0.645 2 0.476 2
1-3 + D b 0.428 6 0.654 7 0.600 0 0.428 6
1-4 + D b 0.476 2 0.690 1 0.645 2 0.476 2
1-5 + D b 0.3810 0.617 2 0.5517 0.3810
1-6 + D b 0.357 1 0.597 6 0.526 3 0.357 1
1-7 + b b 0.3333 0.577 4 0.500 0 0.3333
2-3 - -0.629 4 19.836 8 0.088 2 0.162 7 0.162 2 0.082 2
2-4 - -0.066 7 0.3455 0.266 7 0.4216 0.4211 0.266 7
2-5 - -0.300 0 3.9545 0.166 7 0.288 7 0.2857 0.166 7
2-6 + 0.066 7 0.654 5 0.296 3 0.4619 0.457 1 0.296 3
2-7 - -0.5500 9.900 0 0.096 8 0.179 3 0.176 5 0.096 8
3-4 + 0.209 4 4.604 6 0.360 0 0.529 4 0.529 4 0.360 0
3-5 + 0.359°5 12.969 9 0.454 5 0.626 2 0.625 0 0.454 5
3-6 - -0.1250 0.464 7 0.1923 0.3227 0.322 6 0.1923
3-7 + 0.382 4 14.3153 0.476 2 0.648 2 0.645 2 0.476 2
4-5 + 0.407 1 16.072 6 0.478 3 0.647 1 0.647 1 0.478 3
4-6 - -0.377 8 4.876 1 0.1379 0.243 4 0.242 4 0.1379
4-7 + 0.250 0 73125 0.3913 0.566 9 0.562'5 0.3913
5-6 - -0.2533 1.624 3 0.153 8 0.266 7 0.266 7 0.153 8
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