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Abstract: This paper aims to explore the ecophysiological characteristics of a typically shade-tolerant species Panax
notoginseng in response to different light intensities. Different light levels were applied to P. notoginseng. The physiological
traits, morphological traits and growth indicators were comparatively analyzed in the plants grown under 46.5% light
transmittance (LT ), 21.8% LT, 9.70% LT, 5.10% LT and 2.80% LT. Correlations among the ecophysiological

characteristics, plasticity indices and principal component analysis (PCA) were conducted in the study. The results showed
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that morphological characteristics ( plant height, stem thickness, leaf area per plant), biomass and relative growth rate
(RGR) of P. notoginseng were decreased under high light condition (46.5% LT and 21.8% LT) and low light condition
(5.10% LT and 2.80% LT). With the decrease of light intensity, root biomass ratio (RMR) , maximum net photosynthetic
rate (P,
leaf area ratio (LAR), specific leaf area (SLA), stem biomass ratio (SMR) and leaf biomass ratio (LMR) showed an

) , stomatal conductance (G,) , light compensation point (LCP) and dark respiration rate (R,) declined, while

increasing trend. These changes were able to reduce light energy capture and light energy consumption of P. notoginseng in
high light condition, while light energy capture and consumption in low light condition were enhanced. In addition, the
phenotypic plasticity indices of morphological characteristics of shade-tolerant species P. notoginseng were less than 0.5,
G,, LCP, R,), LAR and root biomass were
greater than 0.5, and the plasticity indices were 0.581, 0.558 and 0.574 for P

while the phenotypic plasticity indices of photosynthetic physiology (P,

o s G, and LCP | respectively. The results
indicated that photosynthetic physiological characteristics, LAR and root biomass were most responsive to light intensity.
Moreover, studies have found that approximately 10% LT was suitable for the growth of P. notoginseng. In a word, under
low light conditions, P. notoginseng mainly adopts a conservative strategy for decelerating carbon acquisition and carbon
consumption, while under high light conditions, P. notoginseng mainly adopts an adventurous strategy for rapid carbon

acquisition and carbon consumption. The study elucidates the adaption strategies of P. notoginseng in response to different

light intensities and provides a theoretical basis for the high-quality and efficient cultivation of P. notoginseng.

Key Words: Panax notoginseng ; light intensity ; morphological characteristics; biomass; photosynthesis

AR AEAVE I RE B A SR R, Hosi B 25 5 A ) B S R OGS B B R A Y 0 e A 5 Pl AR R,
M A A R AR PR A X B B (0 T R MR TR, iT A M B 5 5 A . 4R
FE SR I Sl HR B i 2 w8 B S TR A, A A0 20 LA I 25 19 XM O 6 BB IR B ) S v e ey ke
WAEAR SRS LR AR ) 3 B i R AT YA RS R S R A IR EE T R S A I T A R
KAAE A P I 45 1 A 728 A DT ) 7 S5 SR B 58 A — o A A5 SR 00 T B R AR A /N AT LS A
PR ER IR AR AL S N RE SRS ES T BRI A R 4 R YA R A AT G AR AR —

A H B o ST Bl ' R R 88 K 8l A i 97 A8 FR ) A BRARAE B BB A T B B A R (P, |
AR AT (LSP) FDEAME & (LCP ) 25k 458 [ B TE G A RE ST, UL RE 2 2 B m G BEGR EE ) IO
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RGR, Lk #| w7 H iy, L, S35 08 & A A, B AR A A= ) e An e AR Ak 3 L VR 38 ok fff RGR L HE &
ras B 1Y RGR PRFFBIE T orH B

=t (Panax notoginseng ) J HINF NS & 248 A ) SR A= 4G 4, AR FIARAR ZEA 2, 2P G S i 44
SR 2t TR AR T R B AR B 0 ARG e X =B A R =, BB 22, A
R =EAE 30% B R (LT) FARKE A uE A X 5 = A pr R 98 & B0, 4B RN 9.6%—
11.5% 0, = L BARER P, FIE 198 6R T =-LWaEAAF, LB BE MAOERIRE 1 1ksh,
AT R, —4FHE =i i P, R RAME A (Tr) RV BE (G, ) LA R AR o 0 T RO 7 i D't
HRIREE ) (HSC il A RHE A TR B BE— 44 =k ARSI 0 R B, WA = b il it b
AR L (RSR) AMRAEH 8 (RMR) 4254 474 Fo (SMR) Al LMR RAZREUCE Z2 (95668, M 1T 58 4 13 7 A%
G HRERIRE 5 T E 2 6 HE UL 2o i R 28 SRS /N SHe A REAT R, 39 AR 2 LK o 3R 8 SR, A
FEARR O TARER XA ) A OB IR B =L A RAE sl AE B A R rh B — 5 I A 58, OB A A BN
AR BELR A TRA AT =B I R BRI AR 1k 1 o 1y AR ik A 58 R 6 3/ HL AR SE 93 26 KR i
BOE IO, R, A SCLAM AR AR =L S go bt Bl 38— R A KO IRR ¥ (46.5% LT .21.8%
LT.9.70% LT.5.10% LT F12.80% LT) , %A T AFDCIBRE T =L SFE AW ERE RS ADEE
Az BREEPEDEA 43T, IE1E— 2B AT AR O AT SRR S a0 43 AT, T 1 B =L XA TR) O B R A ) o S S
R =R LT R AR A R AL A

1 #E7IE

1.1 R RS

RGBT N B4 £ (104°32'E,23°53'N) # £ =B A BRA A =-E R R E i N, Bl &
BT = FE R EETR,103°35'—104°45'E 23°18'—23°59'N 2 [] , iF4K 1539 m, 4F PR & 1200 mm , 4E5F-1
WL 16 °C 5% AFRIE 9 °C , H A FHRE 21 °C , 24FETCFHEWIAT 300 d, HESIE 10 C LA IR
415000 °C |, J& T s K BlidE R W B =R A SR AR G0 IXORTE = X [ s = Rl
HAEKMNBXZ — #E o hE=t25",
1.2 R it

FEZS I A = % P B 5 S FPORTRE G R I, DI 4 m 96 4 m 55 2 m, WA 20, 3 XL
R, PEPRRE R M Li- 190R & T 151845 (W N A AR 45 =) F1 Li- 1500 & T 52X ( Li-Cor, USA), T
6:00—19:00 BERF 10 s RAE— BT A 96 BRGR BE ; [ it 4 H RESR EEAE St B DA St sk ) B2 PN B
PG B B (=i AR I P o W] — B 2038 6 5m 1  He i P38 = LA KA BRI 45
B s Zei 4 |5 AN 3 A 4 BREE O ISR B 43 1) M . 46.5% LT .21.8% LT .9.70% LT.5.10% LT .2.80% LT (&
1), TERTHIRFSE B, iBYER A 9.6%—11.5% 0 =LA K ET BRI, BERET 30% =Lk &2 58 B #F 0 5
SEAM B R A 3% AT =K A2 B BB PR O I, AR SE B R 9.70% 358 Y6 R AT K /T & B
S BDOEIE SR, 5.10% . 2.80% 1135 YE R AR FAROE 5, 46.5% F1 21.8% B YRR mHL AR, SLH REUE
FIAT ,AEA TR 30 em TR 25 em, Ak B AR (208 K gOAREE MR R 1 R, T 1 AR
PEBUE R R R/N—800 =R TR AR, BB R4k 15 AN E RN, A/ NXOICE 5 A, B 3
Pk, SR6 I IA) = - H R )4 B i 4 — 4 s =B RHUR VS A = - R AR AR R AR BRI T
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Fig.1 Representative diurnal time courses of photosynthetic photon flux density in different light transmittance (LT) and the full sunlight

F1 TEERBHER

Table 1 The chemical and physical features of the soil

, ’ R LT
FHUR 2R L L4 AR PEALEE
Organic matter/ % pH Total N/ % Total P/ % Total K/% Available K/ Available P/
° (mg/kg) (mg/kg)
5.98 6.70 0.18 1.12 1.28 1206 17.08

1.3 WEFRbR B
1.3.1 JEASEFRIN &

T 12 A6 =L (WA WG B RLECRGTI T B =L T R . BURERT 8 =L bR EL | K
Ve, BN EE 15 AR (CRE/NX 1 BR) S T, AR EE R 3 Wk, AR TR AR R RO & 25 (mm ) 5
BRI AR R (em) AR RN FNSE (U A B 58 A -, em) BT B B AVE IR , T84k B 5 - T
RO AR = MK 580,75 em®) M0 FFGE T =B B BRI TIAR (em?®) 3 SRR GE T HAERR O 5O A B8k,
1.3.2 AW Koy Rl i &

R 15 #R =L (/DX 1 ER) SRR 25 53 FFTE 105 CF AR T AR 1 h, SRS 7E 60
CTHTRfEE, HBFRVPREREYE(RE, o) EAEYE(EE, o) MAEYE(HE, o) FaitH A
AW (M) RAEYEL(RMR, RE/ MR SE) 24P L (SMR, 22 H/ ke E) HEY & Lk (LMR, it
/AR E) A (LAR, SO T A MR BT em®/g) R LE AR (SLA, St i A/ 8 em?/g) . JEH.
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Hop M R WAL =B BRI (o) , My R B AR E B = LR i B A Y& (g) 0 R BRI E (1)
At Rl ] (d) o
1.3.3  SARSSHR S0 =

FAARNE I Li- 6400XT Y6 -2 610 AL (Li—Cor, USA) ME AR BN =-& - F #9561y #h
2, I COTEARGUH COMRBESEHIS 400 pmol/mol , J& I FJ5 T 500 wmol m™ s~ i T Fa g — B
], B ASE 5 A 3h A sl s R 1, o't B 5 B2 AR B /MR YR - 800,500,400 ,300,200, 150,100, 80,60
40.20.10.0 wmol m™ s™', B IR FFa € 2—3 min, RESEZH S EHUE, LLE IR B ( Photosynthetic
photon flux density, PPFD) Jy%l, P ho\Ghie2dl e thk (P, -PPFD #i£k) . 4% Bassman 7RIS P, -
PPFD fhk i,

Pn = Pn—max - Pn—maxC()e70‘1)PFD/P"7max

K, P o HERREDCEH R o HFRMWE TRCR(AQY) ,Co N ERIE T EHABIL T 0 ifstr, Mhn]
FHB BN T AR OGO A 3R (P, /area) AN THTFLVS AL T (G /area) | BN 1] RIS R K 55 %6 ( R,/ area ) =
P =P Co AR BUEAMEE BT (LCP/area, pmol m™s™' )= P, In(Cy)/a , RIGHET SLA 15 50 BT
RGO HR (P, /mass)= (P, /area) xSLAX1000/10000 , B4 i 7S fL & (G, /mass ) = (G /area) x
SLAX1000/10000 , BA37 JFi 5 FF I 33 % ( R,/ mass ) = ( R,/ area ) XSLA x 1000/10000 , 2437 Jif 5 6 #M2% 5, ( LCP/
mass ,nmol g”' s™' )= (LCP/area) xSLAx1000/10000, <561 fifi G — S HE G AL ECHY 5 6 Li-6400XT Ye
X (Li-Cor, USA ) [R]85 A4 B, A AR FEVEER 15 Bk (REA/INX 1 BR) AT I , BRI ER 1 0 1, i s
Vi) JBC ) A1 £ 8 I — 3
1.4 HdEab

FH SPSS 25.0 B4 X E i HEA T BA PR K 7 227001 ( One-way ANOVA) M 25 5 i E W31 (n=15) , F] Pearson
Pkt =& RGR 545 F8m Al A S 547 7047 s Sigmaplot 14.0 1 Origin 2020b # AR,

2 HREHS

2.1 N[ AR X = b A K R I SR E A5 IR

TERDEFEOLT , = LB SR IES O A TR (& 2) o Horb Brim  ZH0RBUbR i T ARTE B D6 3R
9.70% M, HiR & & T 46.5% F12.80% (P<0.05) ;M F s fl BB 7E B R N 9.70% 14T 5
% HiBEET 46.5% (P<0.05), BRE FEBICRHN 9.70% B = -LIESEAE il , @Ot oo & i &
PR HIESMAEK AT .

2.2 A[ESERESE BE X =B A Y o0 e BY 2 T

FEOCRME A T =B E Y m ER A RS (B 3) . SRR A SRS A Y SRR A )
AR SA Y AR R T AR 3 — 3, BB R R 9.70% 0] fie iy , FUE: 21.8% , X PRl 4% 141
AT A )RR 2 i T HAE G (P<0.05) , Has el 2.80% B 45 3 /B Wi i /b . BB R, BHR
N 9.70% 55 1F T I A3 4 2B Wy i RSk 1Y) B AR ) R A R B KA, T BB H 0 2.80% i JefIX, If HL & (R F
HABILABEEH(P<0.05) RIMOE T AW R D,

M 4 ATAT, =& LAR 1 SLA #87EECF N 2.80% F ek, B3/ T HAB LA LR (P<0.05) , £ 1
OCT Y 2@ a3 i LAR F1 SLA SKRBCE Z 0., 739, ARIEERT =& RMR .SMR Fl LMR 27
—EZSH, HA RMR B 56K ARG FEAR, 11 SMR A1 LMR U2 Bl 25 325 56 3 A4 B AR i 12 47 38 hn L L
ZHETEBICRN 46.5% 21.8%F1 9.70% M 25 A 3 (HAR W FAR T A M 35063 IF H RGR B 6%
H9.70% B} ek, I 2 THAL LA B G2 (P<0.05) o F2 WK 5 G H 23 5 M 40 45 30 43 A= 0 1 1 4
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Fig.2 Effects of different light transmittance on plant height, stem diameter, leaf number, branche number and leaf area per plant of

P. notoginseng

IR IR 28 53 .3 (P<0.05)

(LRI 1T = K7/ B
2.3 A[FEDERGREEXT =LA RE TR

HIE 5 AT LLVE W, ARENRERT =& P, /area G /area R ,/area LCP/area fll P, /mass G /mass R,/
mass ,\LCP/mass JE/F1E 271, 5B 9.70% 40, 56 (46.5% LT #121.8% LT) KF-FH P, /area .G/
area \LCP/area Fll P,_ /mass G /mass LCP/mass W&, {H 5% B8 22 5 AN 36 5 {016 (5.10% LT #12.80% LT) 7K
PR, EARSE R EMT 9.70% LT T (P<0.05) , HFEH ECHRBMFERMIR/N, 1 R,/area il R,/ mass #P
SEWEAE B CHR M BARITZE R 1T, 565 9.70% 40 1L, Bk 21.8% LT 50 T R,/mass 5 H 2 MR BE
S, HARSHAE R AR5 T (P<0.05) ; TR T WIAR 25 B (P<0.05) , X LELEHRMT 9.70% ) B4R
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2.4 AFEPDEIEGRE T =LA MAFRES RCR BIAHICHE T
2.4.1 JEAFHES RGR AYMI ST

RGR 5k | 2 DL R B bk it T R 2 TEAH DG OG R A DGR 3 38 B i 3 K F (P<0.01) (AR DG PE R U
fi%, 7351020 0.116 ,0.093 F1 0.270, Horp RGR 5 Hpk W T BUAH SC A i oK, T 55 1 508 19 AH SC 1 U A (2%
(Bl 6), Xesb RyiW]  FEIE AR T , SR AU = LA KA TR FEN R HIEERES S50
FHOCME R BTN, R W 56 A AE Y R TOAR LG B SR =B AE KR B IR .
2.4.2 AEYRECS RGR FAH M

RGR 45 LAR \SLA \SMR \LMR 2 A0 3¢ R, A PR35 B4 B 35 K7 (P<0.01) |, HAH 5 R 505008
0.493.0.461.0.390 ,0.472, 15 RMR W& 42 35 1 IEAH R R R (P<0.01) AR FR%CH 0.553, Uil RGR 5
RMR FHOCHES K, M LAR MIAHSCHEIRZ (B 7) o BHRE s Boxt = E K E B A E BRI,
Horb CDAEE R 3 Fo BIAR AR AE ) 82 1) RMR RA R A HLAY A= 72 FAR R LAR WU S2 AR K, B A= 9 6 43 e v
=L FEE T RMR A1 LAR SR i AN ] S R
243 SIKRZISES RGR AHCHE T

Hi&l 8 W[%1,RGR 5 P, /area .G /area LCP/area P, . /mass .G /mass LCP/mass 5 IFAH G 5, 4 E
PERIIR B 2 K P (P<0.01) , A5G R E43 5 2 0.581,0.558 ,0.574,0.350,0.274 ,0.300, 1fi 55 R,/area
R,/ mass W2 25 (1) 51AH G R (P<0.01) AH G R A3 U2 0.472.,0.333; 3] RGR 5 P, /area M &PEAR
K, Hl G /area LCP/area UM FEMERZ , M2, =EM RGR 5 P, .G, LCP R, A RKIMFE RHEE 4 Bl &
L 9 REERBE () — A AR R = AR R B M EERN R,
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