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Abstract: In order to understand the mechanism of phenotypic variation in Panax notoginseng, the relation
between phenotypic variation and climatic factors of 3-year-old P. notoginseng was studied cultivated in Yunnan
and Guangxi by using multivariate statistical analysis combined with GIS technology. The results showed that the
variation coefficient (CV) of plant stem mass, underground part mass and total mass were high, while that of
aerial part ratio and underground part ratio were low. Correlation analysis showed that phenotypic variation was
influenced by various climatic factors. The effect of precipitation on phenotypic variation of P. notoginseng was
stronger than that of temperature. The range of precipitation seasonality was a key climatic factor for phenotypic
variation of stem diameter and leaf area. Underground part mass and total mass of P. notoginseng decreased with
increment of mean annual temperature, annual precipitation and precipitation of the driest month, and which
increased with increasing of mean monthly temperature range and isothermality. The increment of sunshine
duration would decrease of aerial mass ratio of P. notoginseng, and accelerate the accumulation of underground
part mass and total mass. Therefore, it was suggested that the variation in morphological traits of P. notoginseng
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was strong with the changes in climate condition of producing area, which would be adapted to heterogeneous

environments.

Key words: Climatic factor; Phenotypic variation; Medicinal plant; Ecological adaptability; Panax notoginseng

BN LKA G A M), HHE
WA B R R KR RN A
FIFREEISE0, MR T 2 WAE A BRI SME TR
BIRERIHE, FHATEASPERRAZ DL FIE RN SR 3
BRI, SR o A5 AR, A%
AERIEAE S ILRIVER, YA R ER
T 1] 1) 2 B P AR AT R R A AN [RI RS FE I TR AR
RN FOIEAAL 5 LIRSS, A BT RAEY)
XTI (1) i 87 7 RO B SRS, 0 s e T B 2%
PR Wb 1 R A B B O,

A R Y RS A, R E AL )
TR R, SR A A2 AR S (e — L
TR F B REN) 2 xR KR
A X BRI TR R 2 R, 1E
T RURI R AL b, WK TE R 100 m, AR RIS
0.56°C, IKPFHFES tHFE 2 Y5, [ RN 2 ) 5 3R
S AR R A A, R SR R AT
RE T 7K 4 2% AR R0 S JR S5 3 4T 7 70 T o8 A 1 /N = g
KA, ydE R DA _E ARk, R4 e
VEANTC . TR AR LUA R K [ A iz, 438
FE SREBRFEABE K EIG e, 2 MAR)E (Quercus)
AR I 2R 1 5, ok 3 P8 e A AR AR
TR SR AR SZ PR A, BEAHE M) 3 46 57 (Anthoxanthum
odoratum). #&Z & (Arrhenatherum elatius). %2
(Chenopodium album). J$7 47 % (Galium aparine)%§
0 s 48 o e R DA e R R L DO g
(Datura stramonium)i 7 JEJE . g 4RH 4 S5 A=
HLVEE . A ALHE 205 ) Bl ' o B2 (%) 38 in 3
TNt Syl 5 £ BEEEST, 528 BR(Q. mongolica).
JRER(Q. acutissima). H#(Q. dentata) =54k & 4 A -
T AR T P A AR AT R 508 K el T 338 K0,
H FIHs A5 R 1 550 7 0 A A P AR G R
RIS IR IR SR, SO MR
BT 2 — 18720,

AT 24 R ) 2R B R D s I A 2 O
VETFAL MR, WA SR PR PR AR 1
(3 S 7t A ) bk P A T ROK B4
7 (Artemisia annua) 7K 714544 . R & EC M ZE T
SRR . XF AR, . WAL A R A

(Lonicera japonica) I R AL A 7E R H, thim. ©
N e T E R NS TR N B SR PP R P S
=, WBART B AREYITE A FRIE B A W 1R
TERPR, 25 e 5| b M YIAL it FE b, FTREAERE
F AR 5 R R AR B AR PO IR NIRRT R
155 25 M) R TR S B A BLOR R, WA
T 7= b 0 3 I A R T B U ) 22 A PRI AT AR R
B,

N2 & %5 ka4 =t (Panax notoginseng) /& —
Pty BB Y, TR R AR ZE T TR TT
PRFT A ot A B, BAA s 2 a2
PP, =-CHE AR, X AR AR (LA
HEUE, ALK, —HUNTHEEEA S
T, TP E . PSR4 400~1800 m
I8k 7 X 48 A P8, B 25 75 SR BRI AR 1 A i
PERRRS I R A, =50 A0 X IE LA ST Ll Sy o i Ji
XA RSP, S MR A, o
IRASAFERRAE B3, /N0 BRI M 3 AR AE B 7T g 5 3
A B KSR SR . A E P =B ) R AR
S A 2 R T AT A0, (P R =
2 AR S ) S I A R P, AR I DL A
T M EAEASEFE TR 3F AR =1
NAPEL, PRI R R R b R MR AR
SR RIS SRR IR R IR AR AR AL
(196 & s ARSI R = LHIR AN EBE R,
TR = AR AR 1) T BRE R B @ B R A
HIR K .

1 MBS

1.1 BF5EXARA

WX K SO 20, fd T, &
B BT RS, AT 23°10121.507~
24°44'58.14" N, 102°26'00.50"~106°30'51.98" E,
1 824~2179 m, [E 1AL 139070 km?. %
PSR T R AT . P RGE b, sk
EEEAC, ELIRE 17°C~20°C, K E 800~
1800 mm. +IERM FEBONRELIE, HorHX N
AR
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1.2 =LRESRE

AW 5t =t (Panax notoginseng) 3 4 [7] —
A, AAE RO E . RAbE.
HE. BHAMKRERE 10 MR ER 1K
1), SR IS5 R T AH [R) AR SR s A R K I 7 2
2015 4F 10 H =LA GERWAN AT K P, B —FF
B ALIZEEY 10 AR o 3 3 AFAE M AR, FHE RN E
PR (Plant height, PH), FHiERR = RO & 254 (Stem
diameter, SD), & [ ¥ rh U 2 B4 Iy ki i K
I 5 Al SR SOIR S kg By /N i I T (Leaf area,

R1FWGER

Table 1 Information of plots

LA), BCPEME. SR A 2 E
T 70CHAE Rt R EE, RAME 0.01g HT KR
ST E Hi R A 41§ (Underground part mass, UPM). It
"W (Leaf mass, LM)FIZE2E4) 5 (Stem mass, SM),
T 4 bk BB Y B (Total mass, TM). i FA &
Et(Aerial mass ratio, APR)F1h 447 & Lt (Under-
ground part mass ratio, UPR). MZAEWE =254
E+HAEYE+ T AEYE, A ER =G
W E Y E) SRR, N AR E L =1
TEYE I SEYE,

FEiL Plot {7 # Location R Altitude (m) £ Latitude 2% Longitude

1 PSP £ Wuping, Jingxi, Guangxi 824 23°1021.50" 106°30'51.98"

2 21352 /il Xiaodianshan, Mengzi, Honghe 1753 23°1221.79" 103°23'14.06"

3 21 5% 5% Shizhuan, Mengzi, Honghe 1666 23°1327.92" 103°2102.13"

4 213 52 [ S 3 Wangshaopo, Mengzi, Honghe 1803 23°12'53.80" 103°2325.26"

5 AL 2 Panlong, Yanshan, Wenshan 1543 23°30'55.36" 104°18'43.21"

6 LR LB A 45 Ameng, Yanshan, Wenshan 1493 23°45'00.28" 104°35'10.42"

7 il Ak J\iERS £ Badaoshao, Qiubei, Wenshan, 1939 24°03'30.48" 103°58"28.28"

8 FIZFFI Huangcaoba, Yuxi 2004 24°2720.37" 102°26'00.50"

9 i is2 PR £ Longging, Shizong, Qujing 1895 24°36/02.54" 104°03'43.78"

10 BWAMEL 2 Guishan, Shiling, Kunming 2179 24°44'58.14" 103°39'00.96"
N bio04). A f% =ik (Max temperature of the hottest
A month, bio05). ¥4 H &Kz (Min temperature of the
coldest month, bio06). 4G A5 i (Annual mean
g0 temperature range, bio07) . fx & Z= #4 i (Mean

8 .

Z# Yunnan

24
-
3
ISnon Wat
B 1R R AR

Fig. 1 Scheme of sample collection site

1.3 [AEHIERE

FEHb 19 A5 PR £ 95 (1950 - 2000 4=~ 34 1H)
I Rt LS B % (WorldClim-Global - Climate
Data, http://www.worldclim.org/) T %%, £k 73 #8%N
2.5 min, @IEELEE (Annual mean temperature,
bio01). H ¥Jif A% liE(Mean monthly temperature range,
bio02). B il 2 5 41 % L (Isothermality, bio03)+
IR 2 3 M AR 4k 5 2 (Temperature  seasonality,

temperature of the wettest quarter, bio08). & 21
#E(Mean temperature of the driest quarter, bio09).
#Z=LE (Mean temperature of the warmest quarter,
bio10). A Z=14iE (Mean temperature of the coldest
quarter, biol1). F#JBF7/K&E (Annual mean precipi-
tation, biol2). #xif H [% /K & (Precipitation of the
wettest month, bio13). %1 H %7K & (Precipitation of
the driest month, biol4). F&/KEZI5MEARL T 2
(Precipitation seasonality, biol5). & i Z= % /K &
(Precipitation of the wettest quarter, bio16). T Z=[%
7K & (Precipitation of the driest quarter, biol7). fx#
Z=[% /K & (Precipitation of the warmest quarter, bio18)-
B 4 2= [% 7K & (Precipitation of the coldest quarter,
bio19). ¥ ¥ -5 A\ DIVA-GIS #fF(Version 7.5),
WRERAF L T 45 B2 AT B4 U R A7 i A5 3
P, A M R S 3 RO P (hittp:/Avww. data.
ac.cn/)#EHL 1-12 F 135 H HE S i (Sunshine duration,
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bio20) 45 My A H HEIS 25, ) 10 o P A H R 2
BT #E b SR Bl 35 = iR 55 M (http://
data.cma.cn/).

1.4 Gittart

A5 5 Z ¥ (Variation coefficient, CV)H T3 =
G AT IR R 7 e A B ) AR R . R
Pearson 3¢/ il 7t =-LR B MR 5 A %K 1 1A]
PR LR AR, RAH S 2 3 BiAl 2. 2% (P <0.05 B P<
0.01) 1) A% £ #F 4T b #E 4k 3= Hlf (Standardized major
axis, SMA) 73« 73 Hr R BT A Eicts AT X0 e it .
G BRAH ¢ R E(r) KT 0.90 AR, LATHBR AR &
] f) 58 ek e RN, e MM T SPSS 20.0
BAFIEEL; SMA 73 # R HI2E T DOS [¥] SMATR 2.0
ARG 35 B R H EE I FE A K % Bioinfor-
matics & Systems Biology ¥R 2H T & (7R 2k T. A%
fill (http://bioinformatics.psb.ugent.be/software/details/
Venn-Diagrams).

2 MY

2.1 ARF=HASRPI L

Pearson FHICHE /TR BH(ER 2), SE3JIRE (bio01)
5 H B i (bio05) s HiiE =i (bio08) T
ZE 1 (bio09) . fx M ZEY i (biol0) . f ¥ 2= iR
(biol1) FRIHH It 4 & 3 (P<0.01), AHIEZREL r 3K
T 0.90; 4EH P4 /K B (bio12) 5 i H 47K & (biol3).
T ZE MK & (0i007) R ZEF/K & (biol6). f il
ZEPF /K & (biol9)AH ¢ 1 # & % (P<0.01), r #KT
0.90; XL EF T AA BERILEHERR. X
THALELHERNER T REH P — T E4E
WF 7T, e 230 BUAE 135 FE (bio01) . H ¥R A F
(bio02). BRI % 54 7% A (bio03) . Az

2 AUEE TR AR

Table 2 Geographic variation of climate factors

PEA AL 7 7 (bio04) F¥RF/K & (biol2). FF/KEZE
AR T % (biol5). He T H /K & (biol4) FI4E H
R £ (bio20) 3t 8 N SER FHET 58200 A
7 AR SR R O NE S MBI ZE 5.1°C, FYY
KA ZE 475 mm, 4 H RIS E0MH 22 755.17 h, B
T H K E L7 R E(CV) I K(0.16), H I
1P 7K B (0.12) FI4F H BRI %(0.12);  FE/K B 2351k
Ak 7 2 55 /M0.03)

M HT R (R 3), Fethigik . 4. &%
5 8 M A1 1) 58 & K % (P<0.05 B P<0.01).
HERONEL L 51 (bio01) . FFHIFE/K & (biol2) &
W35 25 1) Sk 52 (P <0.01); 5 A ¥R AR (bio02)
B R % 5 IR 2 H A (bio03) 2 4% . 25 1 1E AH 5%
(P<0.01). F=Hhifgth I+, WA Ty 2
(bio04) (P<0.05, r=-0.571). T H B&/KF(biol4)
TH(P<0.01, r=-0.717); Zifghn, EEFTE
A4k, J7 7 (bio04) - JH(P<0.01, r=0.223), [F/KEZ
ARk )5 7% (bio15) T 4(P<0.01, r=-0.261). &%
3 B R M S 25 1 (P <0.01),  4E 3478 (bio01)
(P<0.01, r=0.549). & == P28 10 77 7% (bio04)
(P<0.01, r=0.843). F4 4% /K & (biol2) (P<0.01, r=
0.546) M1+ H F# /K £ (biol4) (P<0.01, r=0.799)f#
P ZRIERS, BB H SR E (bio02)
(P<0.01, r=-0.712). B & % 5 535 % HAH (bio03)
(P<0.01, r=-0.978). FF/K &1 14454k 75 7 (biolb)
(P<0.01, r=-0.430) 1 H i % (bio20) (P<0.01, r=
-0.826) | LI BRI T Ba

2.2 REZRDHT

AP = EAE R R ZRL AR AR
B EEIBRAKESR, KR KERERMEK 241~
30.14 f5 (R 4). thmr. FZAME. WHEYE. T
AP EEFIEIR A R, RS,

S F Climatic factor /IME Min B K AE Max FH{E Mean FrEZE SD A5t AB CV
bio 01 14.20 19.30 16.21 1.34 0.08
bio 02 8.20 10.50 9.48 0.70 0.07
bio 03 37.10 47.50 43.83 2.82 0.06
bio 04 418.30 530.00 461.79 35.48 0.08
bio 12 1005.00 1480.00 1169.80 144.49 0.12
bio 14 12.00 21.00 14.40 2.39 0.16
bio 15 82.50 89.80 86.37 2.70 0.03
bio 20 1501.30 2256.47 1999.40 247.03 0.12




% 54

VETEAE: =L FRANAR S B OO A IR 1 Fg o

449

# 3 AR T 5 ELF T 1) Pearson 4B 4B

Table 3 Pearson correlation analysis between climate factor and geographical factors

KA T Climatic factors R Altitude £ Latitude 2% Longitude
bio 01 -0.884™ -0.748" 0.549"
bio 02 0.850" 0.862" -0.712"
bio 03 0.895™ 0.358"™ -0.978™
bio 04 -0571" 0.223" 0.843"
bio 12 -0.751" -0.858™ 0.546"
bio 14 -0.717" 0.0165 0.799™
bio 15 0.0753 -0.261" -0.430™
bio 20 0.694™ 0.0134 -0.826™

** P<0.01, *: P<0.05.

4 =EMRMAR

Table 4 Phenotype variation of Panax notoginseng

H/ME Min KM Max P Mean bz SD A5t R CV
¥k Plant height (cm) 21.80 86.30 42.03 17.12 0.41
254 Stem diameter (mm) 2.64 11.32 6.11 221 0.36
i A Leaf area (cm?) 6.70 46.78 21.61 7.85 0.36
LW Stem mass () 0.14 4.22 1.60 1.06 0.66
H-AE 4B Leaf mass (g) 061 821 353 1.99 0.56
Hi R A9 Underground mass (g) 1.20 23.10 9.67 6.50 0.67
25 Total mass (g) 2.18 30.87 14.80 9.00 0.61
M AEY) L Aerial mass ratio 0.23 0.68 0.36 0.09 0.24
iR A4 L Underground mass ratio 0.32 0.77 0.64 0.09 0.14

®, CV KT 0.40; ZEREAT AR A0 22 S M B R
2, CV ~0.36~0.37; i FAEYE Lt A =
E A SR BE f /N, CV 43514 0.24 11 0.14.

2.3 REMERE SRR TR

=B BRSNS R AR S 8 N
I A G E A R W (3R 5), 228 HHEY)
. OMREYE. BAEYE. R BT
Ay EE 2 H B TR AR (bio02) R BEZE T VEAR AL TS

#(bio04). #x T A /K E(biold). FE/KEZTI AR
177 7 (bio15) 55 7K A R 1 1 3 [R] 52 1 (P < 0.05
8 P<0.01), #km. M. mHiE AR S H IR I
(bio02). B i 7 5416 7% thE (bio03) . i EZ=T
PEARAL 7 72 (bio04) . fE¥ /K& (biol2). & T H F%
K& (biol4). F/K B ZENT AR 7 2 (biol5) (1 AH P
BEENEFEP<0.05 5 P<0.01). H N %(bio20)
Lt A b 5 3 A OE Ok &R (P<0.05, r=
-0.201), HHAMIR 2N EE IEMHILK R (P<0.01).

* 5 = LRAMRE SR E T ¥ Pearson Ak

Table 5 Pearson correlation between phenotype traits and climate factor

Gy EE o Em R SREI o wkemRr el AR
factor Height Stem diameter  Leaf area Stem Leaf Aerlilal ﬁ)tal Aerial mass ratio mass ratio
bio 01 0.167 -0.146 -0.172 -0.143 02717 03207 -0.302" 0.213" -0.202"
bio 02 -0.356™ 0.207" 0.230" 0.207" 03967 0493 04527 -0.385" 0.377"
bio 03 0.06 0.595™ 0.533"  0.606™ 06347  0728"  0.718" -0.320" 0.291"
bio 04 -0.375™ -0.703" -0586" -0.721" 06077 06747 —0.690" 0.174 -0.137
bio 12 0.201" -0.035 0093  -0.025 -0.19 -0226"  -0.205 0.181 -0.181
bio 14 0471 -0.653" -0.602" -0669"  -0563" -0578" -0.610" 0.042 -0.013
bio 15 0.065 0.464™ 03477 0.495” 0465~ 05627 05517 -0.283™ 0.255"
bio 20 0.342" 0.650" 0583" 06777 0.604” 06727  0.684" -0.201" 0.164

**:P<0.01; *: P<0.05.
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XA P . 2 B I 3 1 AR B R AT SMA At
(% 6), B~ HbeEIE E (bio0l) I FH i, M EWE
(SMA=-6.443) . #h A& (-11.200). =AY &=E
(—10.640) Aiith N AE4) & H (-0.696) £ N &%, Xt
SMA REZFEAT LLEE, Hu T AR5 bE S22 4F 351 (bio01)
PIFEMEL /)N, TR N AR A A ) S 3R
(bioOL) I M K, 1 [ 343 A BT A IR v i B
o BRiRE A AR R AL, AR HREE H 353
AR i (bio02) FIE A il 22 5 47 it 22 LU AH (bio03) Y 3 il

#*6 —BRAMREIEERTHRR

I, B AR S BRI B
A . BT A IR B R 21 VAR 5 22 (bio04) 1
THE R FRE©ES. i SMA R, N EYEA
SRR P IR AR A AR R . Hh AR L
R A= T B S AR 1R (bio01) . H YR AR
(bi002). BT % 5 4 2 LUAE (bio03) #H e 1 15 3%
(P<0.05 =¥, P<0.01)(¥% 6), {H SMA {H7EHTH PEIR
A, /8T 1, RO AT DL MR 152
M 5 e bR 5

Table 6 Relation between phenotype traits of Panax notoginseng and temperature factors

R T o H — Y& Biomass ey B FEmRL
Climai o S lafama B M REWA B i, Unegroundpan
bio 01 r - - - - 0.074 0.102 0.091 0.045 0.041

P - - - - 0006  0.001 0.002 0.034 0.044

SMA - - - — 6443 -11.200 -10.640 0.788 -0.696
bio 02 r 0.127 0.043 0.053  0.043 0157  0.243 0.204 0.148 0.142

P 0.000 0.039 0.022  0.039 0000  0.000 0.000 0.000 0.000

SMA  -4.749 5.299 5.363 6.023 6971 12120  11.520 -0.852 0.753
bio 03 r - 0.354 0.284 0367 0403  0.530 0.516 0.102 0.085

P - 0.000 0.000  0.000 0.000  0.000 0.000 0.001 0.003

SMA - 5.900 5.971 6.705 7.761 13490  12.820 -0.949 0.838
bio 04 r 0.140 0.494 0.343 0520 0.368 0.454 0.476 -

p 0.000 0.000 0.000  0.000 0.000  0.000 0.000 -

SMA  -4.651 -5.189 5252 -5898 -6.827 -11.870 -11.280 -

SMA bRl B3 AR, - P>0.05. FEIFE.

SMA was slope for standardized major axis; —: P>0.05. The same is following Tables.

SRR (biol2) Y

Wi pkT . MR A=A

75 7% (biol5) Thif My b A= EE AN R AR LR

AR, BEERE KR (biol2) N, e N
#(SMA=2.989) . Hh T AW 5 (-7.628) Fl o A &=
(-7.249) IR H . 5T H /K & (biold) F3 b
AR TrRE . 2O AR, Z2AEYE. AR,
R AR RS AR FOKEFETTHEA L

R T ZRIERSBOKETIR R

M e /)y, {H BB 0 2560 (12.630) . [ A4 (12.790)
FRH 0 J 25 2B (14.360) HAEYDE(16.620) M T
A1) (28.890) AL AW L (27.460) AR R, FL 5%k
RI) SMA Ry, RBAREK S22 A 77 225
—ARAHAR P FE K T HAR SR T (R 7).

Table 7 Relation between phenotype | traits of Panax notoginseng and precipitation factors

AEE T e ESil " A& Biomass ) = AR
Climatic H*fi;t Stem nga;ﬁ;f{:‘a = i WL A ;&éﬁﬁﬁ:ﬁo Underground
factor diameter Stem Leaf Aerial Total mass ratio

bio 12 r 0.041 - - - - 0.051 0.042 - -
P 0.045 - - - - 0.024 0.041 - -
SMA 2.989 — — — — —7.628 —7.249 - -
bio 14 r 0.222 0.426 0.362 0.448 0.317 0.334 0.372 - -
P 0.000 0.000 0.000 0.000 0.000 0.000 0.000 - -
SMA 2431 -2.712 —2.745 -3.082 -3.568 —6.202 -5.894 - -
bio 15 r - 0.215 0.120 0.245 0.216 0.316 0.303 0.080 0.065
P - 0.000 0.000 0.000 0.000 0.000 0.000 0.004 0.011
SMA - 12.630 12.790 14.360 16.620 28.890 27.460 -2.032 1.795
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M 2 7] 0L, Bl = H H R % (bio20) 3 in =
L FAEYIEILEE, bR, 22 AR, 28
Vs, AR, A EMSAEYE S, K
R AV EAE YRR SMA R (A
6.966 F1 6.620), Hb b= L I HAR(SMA =-0.490).

g tE, AP TT A E. BAEYE
5&ARE T SMA RER P& T HAR R, KW

(A ePH SMA (PH): 2.730
00k o SD ;-=(].II?,P=.0.{)OI
o Lsof
[=11]
=)
~ 1.00} i/ﬂ;,t/kl
050 SMA (SD): 3.046
o ) . r=0423, P=0.000
2.00 -
B .l
1.50 .
e
®100F o '
0.50- SMA (LA): 3.083
. r=0.340, P = 0.000
120 ¢ esS... SMA (LM): 4.007
100F oM g r=0.364, P=0.000
0.80 | 8 °
8
o .60 -
0.40 | L
0.20 ¥ SMA (SM): 3.462
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Fig. 2 Relation between phenotype traits (T) of Panax notoginseng and sunshine duration
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Table 9 Relation among phenotype traits of Panax notoginseng
. E-vil HER ZEEE AR ﬂﬁJE:%Bﬁy\i B b EEm R
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Fig. 3 Trade-off among phenotype traits of Panax notoginseng under different climate conditions
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