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Abstract: In order to understand the effect of light intensity on the agronomic properties and quality traits of
two-year-old notoginseng (Panax notoginseng), the agronomic properties, anatomical structure, biomass
accumulation and allocation, as well as saponins accumulation in P. notoginseng were studied by using artificial
shade method. The results showed that biomass accumulation of P. notoginseng was the biggest under 13.5% of full
sunlight. The content of total saponin was the highest under 9.2% of full sunlight, while the saponin content per plant
was big under 13.5% of full sunlight. The leaf and stem biomass accumulation of P. notoginseng enhanced with the
light transmittance decreasing. When the light transmittance increased, the thickness of leaf epidermis, sponge tissue,
palisade tissue and the leaf increased for reducing light capture. Therefore, the growth, biomass and saponin
accumulation of P. notoginseng would be improved under light transmittance from 9.2% to 13.5% of full sunlight.
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motaer R, Far 2 PURER E LR N
7 2 g% (Datura stramonium) A 5EA K. B
TR YRR R AR S G R SRR R
T3 3£ 7 (Epimedium bervicornum)4 52 2 142 w5 e,

Y AR BUR S T —. moti
B, R A B TR (SLAYEUR, A PRI R
LIy vl kA= A IR a A AT AR DK She AN K VAL T ]
P23t H sl R 3 SRR 40
ITEEH, ARSIk, 6 THEIERZ
AT T H S A BT N, USSR AR SO G RE -
AR, FEYD AR ' R 5 R [RIAE S M i R
T, ARJCHRRT, SRR AR LR, T
SRR AR LRI, WS F ) R
BAER TR, MRS A RE 4R . WARIX
BETE A S I O e 4 s A D& RE T

FH IR A AR = A 1 — S 40 i A i 35 3 BE
KK EIRDLTFRDNTFENNEY), PR
UAEARWT=) . — M AR =R A rT RE 2 2
PR i 2 3 24 P i 2 D45, 24 TR = B (Panax
notoginseng) =& B 24 KUk 4 B 1 B T SR AEAR
W, KT =-LMRERBYB T, FEAED K,
25 B RAEEY R R A A E . AR
R, 056 TR A AR = AR B A [ R FR
B 0e AR AR RIE 50 DUAE X A2 o S R B X AR A A
KKBEAHEEEH, R4 miE2 Ak N kAR
WA RS IR B i B R,

SRR B 2GRS, R
XM, ANEDEIEREX =L AEKKE
MR . e PSR o R B, FEIBERN
5.10%~46.5% I HH ALK 1) R4 =4, Bl LR
%, ARG R, Ul & R AT oK =Bk
PG EXFELNG RN, BRI 11.8%I it
ARF— M A =B R AE K . ASCERTHA
BT TARRIEEAE b, W E RV AE A KIS
FeHRME, TR T A = BEAR BRI
FIAERRHIE . fRRIZ50 TYIBAR RN e 2 H AR
REHIE, DA IE 2 A = BAR KR RIEE IR
B, N=tMERE e GRS R .

1 MR

1.1 RIS HMEA
REEHAL T =B A S Mad L B 2 =tk

WA BRA 7 = BRI R (104°32" E, 23953 N).
WL BAEIRE ZFFE RS, RN 16.1°C, &
A AFERE R 9°C, &R MFEERE N 21°C,
FERE NI ELAE 1008 mm, = 10°C f4EFRIE N 5000°C,
AT, BLREE, (FR=-Li 3B LG R iE
PR, B E G =B M . 3% pH fH N 6.95,
TR AW EES Y 61.28. 1.69 Al
10.38 g kg ', AKARZ. A RBERA A& BN
131.56. 17.06 f1 1 210.00 mg kg -

1.2 Rt

16 = AR P R R B E DX A A,
Ze A E R 3 BRI W R HCR R . AN
WK 4 m, % 4m, & 2m. EKE K- 12:00-14:00
ffF Li-190R &1L A5 A1 Li-1500 Yo & Fid %1%
(Li-Cor, USA)MI & {fiH A G RE R o [7]— I [A]
BHAN P A a2 LU RIAE 2%, M DLAS [ L7
B R IE R PIME RS . AR
1) 6 NHHIIZE S 25N 34.3%. 17.8%- 13.5%-
9.2%. 6.3%F11 2.3%, Ll 2.3%MH)i%E R LML
K, 34.3%H)E AR E KT

1.3 ¥

I H B = - (Panax notoginseng), 3% 524
A (4088), 2016 4F 1 Hak AR Kfdt Hig o) —8
) =-CFhE, BEIAFEECEMGIS, FEe
R 5 2 [ B PO T i

1.4 FiE

EAEFRIE 2017 4 12 ANARFEZEL
RN A R AR = LR R SR = . BURE
B, @ITFRE, EARRERRE, FKGE, A
REFRE 12~15 #ko SEEEPVTT:, B HRIR
HAmMmM). R AEEF (ML), #E(em). &iE(cem).
FHK(em). R KCem). SEKem). KR
B(em)o =L AU, R A 5T
BT (em?),  FFGETE R A TR (em?)

EYMERSRHWE KL, =0
EHAE 105°CAT Lh g, MT(60C)EIEE, 47
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SEVRE EN 12 h DLE, PR RS K . &0
B, A, YR ALY (JRE 10 pm), JRARRE B
o, B fo PP P R A ] ) s Ak AT B E 10 <10
40 %10 Y2 2 kB2 (DM2500, LEICA, Germany)
TS . BRE . FRE. WAL
LR, FFmid.

15 BEHESEKNE

PEREIEE BRI LR RL. AS
B Rgl. AZEH Re. ASEH Rbl. ASEH
Rd prdfEdhiEE, FHEVSFAF AT 10 mL &
R, FBAT, SR SR, RS BN 0.454.
0.355. 0.462. 0.466. 0.449 mg mL™*, 4°CHRAE, %,

B o A VR 2 S% (hEZ ) P
(7715  REHAARE = L HUREE 5 0.6 g (1 40 H), &
THREMREHS, IMAHEE 30 mL, FREIESE, 7
76 30 min, A ALEE(ThEE 180 W, Sil% 40 kHz), H
HREE AR ZZE, 5], ##E 30 min; KA BRI
i, ARSI ER, 85, JE, s
VBT R AR A

MEEEE AR LR RL. AS
BH Rgl. AS 2 Re. ASEH Rbl. NS EF
Rd %R fE R, FHEEEZA S 10 mL, #2257, &9k
J4359))9 0.454. 0.355. 0.462. 0.466. 0.449 mg mL ™
PRA R RIE, T 4CRAE, FiHS

i (i Agilent ZORBAX SB-C18
(250 mmx4.6 mm, 5 um), AN L (A)-7K(B),

1 ARFEEN =B SRHER

Table 1 Effect of transmittance on the morphology of Panax notoginseng

B e (0~ 22 min, 20% A, 22~47 min, 20%~46%
A, 47~57 min, 46%~55% A, 57~62 min, 55% A,
62~63 min, 55%~20% A, 63~69 min, 20% A), i
1.5 mLmint, K%K 203 nm, AR 30°C.
FEREE RN E BEFEAR 10 ul, %18
2 BRI ISR ECAMIK T 5 000, 43 B iA F 2
K, KHIMRE, Sl E=L2H Rl ASBH
Re. AZRE1H Rgl. AZEH Rd MIAZEH Rbl

& .

1.6 RS THAS T

i Excell 2003 1 SPSS 14.0 %44 Hdfa 31T 45
TH BT AIE K] K $R 3K 75 % (One-way ANOVA)
IIHT HUANE IR T =Lk SR, EMERER
KEHEESNZR . XM Duncan % = LHyEdt
ITESBEMN SN, LP<0.01 #xRzEFHEE,
P<0.05 X" ZERTE,

2 R

2.1 AR Fr g 45 440 PR e o

ARG = B AR KAFE R IR (R 1) &
HFN 6.3%F1 2.3%, =-LRItkE. diRAE
WK K BEFN 34.3%0, ZHIANH I K
EUIH THIAREIE LN 2.3% 0 ek, FFBE Y HEBRE 1)
BTN R B A AR R DL 6.3%i8 R
K, 343%ENeRE/N, HEREE. BHEN

%63 Transmittance

34.3% 17.8% 13.5% 9.2% 6.3% 2.3%
¥k Height (cm) 13.05+2.40bc 13.03+2.62bc 10.46+3.31c 13.51+2.54b 15.024+4.91ab  17.41+4.68a
jELfiE Crown (cm) 20.9545.18b 24,14 43.21ab 23.9145.05b 24,7346 .47ab 28.08+4.72a 24.94 45.54ab
ZEH Stem diameter (mm) 3.79+0.44a 3.40+0.64ab 3.39+0.47ab 3.49+0.43ab 3.21+0.60b 3.43+0.71ab
SUHIK: After petiole (cm) 5.59:+1.28¢ 5.55:+1.09¢ 5.88+1.26¢ 6.43+1.21bc 7484105  6.92+1.1lab
312 Leaf base diameter (mm) 4.06+0.50a 3.3640.90c 3.830.58ab 3.52+0.51bc 3.07+0.46cd 2.86+0.59d
FoHF AR Specific leafarea (M2 kg™)  13.46+1.42¢ 2003+4.24d  19.7642.20c 24.2545.50¢ 315442.60b  35.94+3.87a
HTALLL Leaf area ratio (m? kg™) 0.0140.01c 0.02:40.01b 0.0220.01b 0.0220.01b 003200la  0.0220.01b
SIHTHIAR Total leaf area (cmz) 122.30+45.21¢c 196.55+108.36b 198.65+100.25b  197.85355.75b 270.60+63.28a 206.07 £63.25b
HRE 2 Root diameter (mm) 23.00+3.21a 20.09 +3.44bc 22.30+4.56ab 19.16 +2.55¢d 17.4542.39d 13.52 +2.40e
FEARK Taproot length (cm) 12.62+1.63ab 13.64+2.74a 11.33+1.37b 12.37+1.63ab 13.5743.22a 13.96 +3.15a
SR Total root length (cm) 99.00+25.87a 102.59 +26.27a 95.39423.40ab  102.85+23.68a 79.42+19.73bc  75.53#17.51c
HA&F Root volume (mL) 12.53+1.88ab 12.4044.70ab 14.73+4.54a 12.60+3.79ab 11.72+2.69b 8.40+1.59¢
ZiM ¥ Fibrous root number 12.30+3.90ab 11.40%2.80abc  11.90 +4.50abc 12.90+4.30a 9.90+2.20bc  9.50%2.10¢c

n=15; [F47 8 G AR T REROR 22 5 i (P <0.05). TR,

n=15; Data followed different letters within line indicate significant differences at 0.05 level. The same is following Tables.
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34.3%H}, PR E AR K FRKAEEILEH 17.8%
F 2.3%0 K IRAFIEIZENE A 13.5%HH) f K,
BEKT 6.3%F1 2.3%FE K, FUREILEZE
A 9.2%I i £ s SARKAEZE LN 17.8%F1 9.2%
K, B KT 6.3%H 2.3%iF 6 H K.

AN TR) S B 5 o = e B A ) 46 A T R AR

# 2 ANFE S =GR A 45 R B

Table 2 Effects of transmittance on leaf anatomy of Panax notoginseng

KEF2, F1). FREBEEEFSELR 13.5%H
K, HEhFE 43%MIHEERALE; EELEN
34.3%MF, FREIERE. MHELSUR R
JERE B KA, e 35 R il 2 6 [ B B 11k
NN (BR T 9.2% 402 R (A2 H 2R JE), 2.3%
(2% B e/ MA

JERE (um) #EF Transmittance

Thickness 34.3% 17.8% 13.5% 9.2% 6.3% 2.3%
-3 Bz Upper epidermis 41.58+7.26ab 36.94+7.84bc 44.05+7.78a 31.3544.27cd 31.26 +5.63cd 26.66+5.89d
N Lower epidermis 29.33+4.16a 28.09+3.07a 2891477 a 28.16 +4.57a 24.21+227b 24.0735.01b
M2 2K Palisade tissue 119.4946.45a 103.01+15.03b 90.90+12.51c 99.95+12.95bhc 66.82+8.54d 48.5348.74e
HEARU1ZL Cavernous tissue 149.64 +33.55a 145.44+9.90a 141.63+20.43a 112.20+10.20b 80.84 +11.91c 63.97+14.78d
i Blade 338.89+36.04a 310.46 £79.00b 305.11+24.49b 266.66 +11.79¢ 202.11+11.27d 167.31+12.95¢

B 1 e B s T =tk ARSI . A: 34.3%; B: 17.8%; C: 13.5%; D: 9.2%; E: 6.3%; F: 2.3%.

Fig. 1 Transection of Panax notoginseng leaf under light microscopy. A: 34.3%; B: 17.8%; C: 13.5%; D: 9.2%; E: 6.3%; F: 2.3%.
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2.2 FYyEAR R AN S B i e

MR 3T, AFDERER N =LA R R R
SPECHION S . BRIy 17.8%IN, AURAVIE R
Ky BIOAEDE. EREYENREYEEELER
13.5%M ok, MR AR AP AEIE RN ROR,  HAR

R 3 ANFE A =R AN Y B B

ERTIOE R A ETE 13.5%i B 6 H M K
34.3%. 17.8%. 13.5%7F1 9.2963% ;R AAR 5 HL 22 R85
AEFE, HEFEKT 6.3%M 2.3%FE 6%, Hi
34.3% 1 13.5%IE R MM ELR; ZXHIL, M
i 2 B UG FE T (6.3%A11 2.3%38 65 BT K.

Table 3 Effects of transmittance on biomass and biomas allocationof Panax notoginseng

i#EZE Transmittance

34.3% 17.8% 13.5% 9.2% 6.3% 2.3%
ZR A& Fibrous root biomass (g) 053+0.29ab  0.65+0.52a 0.40+0.23bc 0.36+0.20bc 0.31+0.17bc  0.210.08c
FHAEY)E Taproot biomass (g) 3.69+0.93a 3.12+1.40bc  4.02+1.56a 3.09+1.19bc 2.33+0.69¢ 1.230.45d
HR4EYIE Root biomass (g) 422+108ab  377+160ab  4.43+164a 3.45+1.29hc 2.63+0.75¢ 1.44+0.51d
2544 E Stem biomass (g) 0.38+0.14 0.370.15 0.3720.15 0.360.14 0.39+0.17 0.3340.13
A Leaf biomass (g) 0.86+0.3% 0.980.40a 1.03+0.55a 0.84+0.23ab 0.87+0.22ab  0.59+0.23c
B 44 Rhizome biomass (g) 0.6430.24a 0.68+0.35ab  0.75+0.26a 0.54+0.19b 0.49+0.21bc  0.33+0.16¢c
SN Total 6.10%1.24ab  5.80%1.95ab  6.57+2.24a 5.15+1.58hc 4.38+1.24c 2.69+0.98d
HRE L Root weight ratio 0.80+0.06a 0.7740.06a 0.79+0.07a 0.77+0.06a 0.71+0.03b 0.66+0.03¢
ZXEH Stem weight ratio 0.06+0.02¢ 0.06+0.01c 0.06 +0.02c 0.06+0.02¢ 0.09+0.02b 0.12+0.02a
L Leaf weight ratio 0.14+0.06¢ 0.1720.06bc  0.150.06¢c 0.1720.05hc 0.20+0.02ab  0.22+0.03a
HEEL Ratio of root to crown 4.18+1.94b 3.89+1.59¢ 4.27+1.54bc 4,241 64hc 7.53+2.93a 5.41+0.77b

2.3 ARABENEN = LEFH RN
AEDCHEEE N =L B A S EA B EY
Wi (3% 4). TEiEEHN 9.20%0, A2 Rbl, H
fih JURH R K R A B, SN 2.3%0)
R, \SETE RbL (%) AS 21 Rbl 5 &

4 RRECEN =B R A= R

TEIFEJCH N 17.8%0 e K, H R Em TiECEN
6.3%FH 2.3%1]; it BT (%) EIE VL3 Y 9.2%H) B K,
HEEm TiEGE) 34.3%, 13.5%. 6.3%F1 2.3%
(1), SRR S EAEIEEECN 13.5%H1 17.8%H] 4
K, HEZFETENLEN 6.3%F 2.3%1.

Table 4 Effects of transmittance on saponins content in Panax notoginseng roots

ERes #EHE Transmittance
Saponin 34.3% 17.8% 13.5% 9.2% 6.3% 2.3%

=-L =1 Notoginseng R1 /% 0.56+0.20ab 0.50+0.22abc 0.294+0.10b 0.7240.38a 0.46+0.10bc 0.25+0.06b
=L 24 Notoginseng R1 (mg plant ) 23.5548.34a 18.7048.25ab 12.71#452b  24.85%13.22a 12.113+2.65b 3.66+0.80c
N2 B Ginsenoside Rgl /% 2.3140.145b 2.55+0.287ab 1.78+0276c  2.72+0.270a  2.60+0.349ab 1.9940.222¢
A2 2 # Ginsenoside Rgl (mg plant™) 97.4946.12a 96.10+10.81a 7859+1222b 93.85+9.31a  68.4149.18c 28.60+3.19d
ANZ B Ginsenoside Re /% 0.58+0.08a 0.52+0.10a 0.51+0.10a 0.73+0.34a 0.53+0.40a 0.26 +0.05b
A\ Z54F Ginsenoside Re (mg plant™) 24.59+3.36a 19.7543.75ab 22.56+4.40a  25.17+11.55a  13.89+10.57b 3.77+0.72¢
ANZ 21 Ginsenoside Rb1 /% 1.77+0.13ab 2.25+0.91a 1.85+0.45ab 1.96+0.18ab 1.5240.18bc 1.07+0.11c
AZ51F Ginsenoside Rb1 (mg plant ™) 74.595.53a 84.91+34.43a 81.92+19.80a 67.53#6.31b  39.984.66¢ 15.40+1.59d
ANZ 21 Ginsenoside Rd /% 0.43+0.04bc 0.51+0.16ab 0.45+0.13bc 0.56+0.07a 0.35+0.06¢ 0.21+0.04d
A2 2 # Ginsenoside Rd (mg plant ™) 17.98+1.51a 19.2346.19a 19.6845.87a 19.16+2.27a 9.2940.67b 2.95+0.52¢
21 Total saponins /% 5.65+0.21bc 6.33+1.36 ab 4.87+0.66¢C 6.68+0.61a 5.46+0.57c 3.78+0.29d
4524 Total saponins (mg plant ™) 238.20+9.01a 238.70+51.31a  215.46%29.19a 230.57+20.89a 143.66*15b 54.38 +4.14c
n=7

3 e AR, DIRE 2R s AR

DI 8 X =B AE R A E K AE R KR
F o AEICIAN ST, R8I kA A

B, TEIERA 251 T BOky B (Mesona chinensis) i & «

_'ﬁ‘_[;/(\

R K #8728 K, 7K -t (Schizocapsa planta-
ginea) #l14E H- 44 (Daphniphyllum calycinum) )44k & A1l
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AR . 72 R0, & i
1233 -k 7% £E(Polygonum chinense)E ¥ & it hn . 4
MR RENY], =-Ekm MR KA R DNELHR
2.3%W Bk, ZEH. MR RIHUR BRI i mE
K 34.3%M K, ElE. . PURK. B
Koo RAM, BARK AL AR & e Bk
R, RFRGERIEERY, —FEE=LERL
N AR A A ARG PR s RO B R T
PR BRI, FF B RREICH IR, EHAR S
LB K, Fik, =-tELEHEY, Hi
G 6 3 5 AN = L A KT

U TR /N R SR B G RE V). — Mt
LR, KHAESE LR S G BB R AR T AR X R
AN, BT R A ER Z, L (SLA)
MG, AR MRz . B P2
f’iE, Y = A2 Y 2 (Pinellia ternata) 1)
SLA . VP32 R 4615 K 3% (Begonia
fimbristipula) I/ 722 B, ot Rt SLA B3
N, ARG s e AR, AR B S e
WA AT 4E SRR, = SLA fEfs/MEL%
2.3%IN F K, FERAIEIGH 34.3% M /N, BEE O
IR PRI B0 T R o SLA 5l 3R AR S5 ) AH 5
IR b, PR BRI EE 84 — i@k 3 hn SLA &
R GRERIREE T, AEEDGHR R R R 2 A
SRR OR AR B 2 G I AR 25 B2, A
R, BTG IO R A R ST AIBRE E . i G N
SLA i =1 — R R B S

e R AR IR S R AR S, i R
PR 7R R U S R, R
HEMAEBDRE—CEER KA. SEY)
A KRB R AEAR AT, i iE S LR TS 45
KIGN . RS T, Ko EEEOLEMH
JURAR/N, SR R R, o E SR
B, AT et R & A s, Bz
SPITRRFRE D L AL SURIA R 4 21
JEE B ¥4 I 5 B P P SR T s S T
FUR, B4 SDOEEN R, €L T (Parthenocissus
tricuspidata) Fj i fr o B3R BRI H 2R R, DA K
M= ZH 2R 40 M AR #REE 0, A 2R A B B
KRR B B3 FT Y, s hE
BRI, o il i PRI 3% R F
JERE, DMET IR i i R R B I ZHE, T
BN G RE R IREE ). B s BLRE, W

TR SR E 985S, 4% 4E(Trollius chinensis) IHF:
Y AR 2 2 A 20 B ) B K. AR 7 4 SR AR A,
=LA R WAL WA SR R
FEERLLIE TN 34.3% I iA B R, IXFERIH A4
A R T HEYE =6 Rk oesisk, FoAER EER
B RN 4R 21 43 AT LA 5 bk 55 Bk H- SR R e g,
TEIZE G 2.3% fe /vy Hohigan gl 2l A= 2021
F: o JELRE T35 52 0 L B 3 016 26 11 AL T ik /),
X5 e B i 2 R B X =B AT
TN ECRRIAEE, BN RER . AR W
=2 R B R ek D oA 3

SR E KR E P A ETER, R
SRR A) A4 A R AR AR P2 ) RS R R ) B A
Fo WNEWPLEIRE, Joh KBRS 5 ER
WD T BT, eI B AE Y & R R
Wi A] 58 5 06 A I B AR R AR AR i A5
e — B RPN, R, JesRiL N
FHAEW 52 AL (Polygonum  cuspidatum) & i (4 22 7 i
(1 R 222, k4l (Asarum heterotropoides){% &
JHT Bt MG R R 8 S 3 A 53, S [ AT B
ARV G R AR, AT T4 R,
LAY R B A E B RN 9.2%0
i BRI S B LA R N 17.8%IN 5 (3K 5),
YLHAFEE RN 9.2%~17.8%I R H A REH K.

g bATIR, = — AR R 2 A,
TEAE KIS AR P AT & M B . 2 R R 55
B, =-Ofkm. B, e e ARURT B AR
B, B, ML, LR SURIH B R A
K, 2HECHE 2 AR BIZEE A sy, DME=
CREMIRE L ObRE. AR, —EAESHAERNRE
FENFN 9.2%~13.5%, Feid B YRR
BHMRER,

S 3R

[1] de SIMONE S, OKA Y, INOUE Y. Effect of light on root hair
formation in Arabidopsis thaliana phytochrome-deficient mutants [J]. J
Plant Res, 2000, 113(1): 63-69. doi: 10.1007/PL00013917.

[2] WAHL S, RYSER P, EDWARDS P J. Phenotypic plasticity of grass
root anatomy in response to light intensity and nutrient supply [J]. Ann
Bot, 2001, 88(6): 1071-1078. doi: 10.1006/anb0.2001.1551.

[3] NAGEL K A, SCHURR U, WALTER A. Dynamics of root growth
stimulation in Nicotiana tabacum in increasing light intensity [J]. Plant

Cell Environ, 2006, 29(10): 1936-1945. doi: 10.1111/j.1365-3040.2006.



%3

FEFE A = BRE BRSO PR 5 W SRR 381

(4]

[5]

(6]

[7]

8l

(9]

01569.x.

VALLADARES F, WRIGHT S J, LASSO E, et al. Plastic phenotypic
response to light of 16 congeneric shrubs rom a Panamanian rainforest
[9]. Ecology, 2000, 81(7): 1925-1936. doi: 10.1890/0012-9658(2000)
081[1925:PPRTLO]2.0.CO;2.

MAO L Y. Effect of light intensity and temperature on Datura
stramonium Linn. [D]. Yangling: Northwest Agricultural & Forestry
University, 2012.

BOLE. IR IR ST KW [D]. M vEAbk
MEHR, 2012.

WU C M, LI' Y X, QUAN Q M, et al. Relationship between fruit
maturity and habitats of Epimedium brevicornum [J]. Chin J Appl
Environ Biol, 2008, (2): 187-191. doi: 10.3321/j.issn:1006-687X.2008.
02.008.

REM, BEtE, BN, & REERTRASAERNKR D)
N 5S4 Rk, 2008(2): 187-191. doi: 10.3321/).issn:1006—
687X.2008.02.008.

SKILLMAN J B, GARCIA M, VIRGO A, et al. Growth irradiance
effects on photosynthesis and growth in two co-occurring shade-
tolerant neotropical perennials of contrasting photosynthetic pathways
[J]. Amer J Bot, 2005, 92(11): 1811-1819. doi: 10.3732/ajb.92.11.1811.
LEE D W, OBERBAUER S F, JOHNSON P, et al. Effects of irradiance
and spectral quality on leaf structure and function in seedlings of two
southeast Asian Hopea (Dipterocarpaceae) species [J]. Amer J Bot,
2000, 87(4): 447-455. doi: 10.2307/2656588.

HANBA Y T, KOGAMI H, TERASHIMA |. The effect of growth
irradiance on leaf anatomy and photosynthesis in Acer species differing
in light demand [J]. Plant Cell Environ, 2002, 25(8): 1021-1030. doi:

10.1046/j.1365-3040.2002.00881.X.

[10] OGUCHI R, HIKOSAKA K, HIROSE T. Leaf anatomy as a constraint

for photosynthetic acclimation: differential responses in leaf anatomy
to increasing growth irradiance among three deciduous trees [J]. Plant
Cell Environ, 2005, 28(7): 916-927. doi: 10.1111/j.1365-3040.2005.

01344.x.

[11] MARKESTENN L, POORTER L, BONGERS F. Light-dependent leaf

trait variation in 43 tropical dry forest tree species [J]. Amer J Bot,

2007, 94(4): 515-525. doi: 10.3732/ajb.94.4.515.

[12] OSADA N, ONODA Y, HIKOSAKA K. Effects of atmospheric CO,

concentration, irradiance, and soil nitrogen availability on leaf photo-
synthetic traits of Polygonum sachalinense around natural CO; springs
in northern Japan [J]. Oecologia, 2010, 164(1): 41-52. doi: 10.1007/

s00442-010-1635-z.

[13] EVANS J R, POORTER H. Photosynthetic acclimation of plants to

growth irradiance: The relative importance of specific leaf area and
nitrogen partitioning in maximizing carbon gain [J]. Plant Cell Environ,

2001, 24(8): 755-767. doi: 10.1046/j.1365-3040.2001.00724.x.

[14] HUANG L Q, GUO L P. Secondary metabolites accumulating and

geoherbs formation under enviromental stress [J]. China J Chin Mat
Med, 2007, 32(4): 277-280. doi: 10.3321/j.issn:1001-5302.2007.04.001.
TR, T PR U R R BB M R
R [ PE 2, 2007, 32(4): 277-280. doi: 10.3321/j.issn:
1001-5302.2007.04.001.

[15] WANG D, WANG Z Y, WANG Z Q, et al. Brief on the progress of

productive ways of the secondary metabolites in medicinal plants [J].
Inf Trad Chin Med, 2008, 25(1): 29-32,82. doi: 10.3969/j.issn.1002-
2406.2008.01.012.

FFF EIRH, R, S SRR A P S i
FMER [ HEZ{EE, 2008, 25(1): 29-32,82. doi: 10.3969/j.issn.
1002-2406.2008.01.012.

[16] HUANG L Q, CHEN M L, XIAO P G. The study of Chinese medicinal

materials authentic modern biological basis and model hypothesis [J].
China J Chin Mat Med, 2004, 29(6): 494-496. doi: 10.3321/j.issn:
1001-5302.2004.06.001.

BHRR, BRIGZE, MR h2ib s R A A LR A S R K
B 0] EFZE44E, 2004, 29(6): 494-496. doi: 10.3321/.
issn:1001-5302.2004.06.001.

[17] SZAKIEL A, PACZKOWSKI C, HENRY M. Influence of environ-

mental abiotic factors on the content of saponins in plants [J]. Phyto-

chem Rev, 2011, 10(4): 471-491. doi: 10.1007/s11101-010-9177-x.

[18] GUO Q S. Medicinal Plant Cultivation [M]. Beijing: Higher Education

Press, 2004.
I AR M) duat EASEE R, 2004,

[19] ZUO D Y, KUANG S B, ZHANG G H, et al. Eco-physiological

adaptation of Panax notoginseng to different light intensity [J]. J
Yunnan Agric Univ, 2014, 29(4): 521-527. doi: 10.3969/j.issn.1004—
390X(n).2014.04.010.

JEEHRA, EXUE, 3K, 4. =-t(Panax notoginseng)si A [FGHE
TR A A AE MR D] = AR KR (AR,
2014, 29(4): 521-527. doi: 10.3969/j.issn.1004-390X(n).2014.04.010.

[20] KUANG S B, XU X Z, MENG Z G, et al. Effects of light transmittance

on plant growth and root ginsenoside content of Panax notoginseng [J].

China J Appl Environ Biol, 2015, 21(2): 279-286. doi: 10.3724/SP.J.

1145.2014.08002.

EXUE, MR, w25, & NRECEN =LA KKHE LR 2
BRI [J]. NSRS AR, 2015, 21(2): 279-286. doi:

10.3724/SP.J.1145.2014.08002.



382 T A ) 22 4R

06 4

[21] WANG Z A. Plant Microscopy Techniques [M]. Beijing: Agricultural
Press, 1992.
Fhbzz, MWRFEEA ML dEat Rl i, 1992,

[22] Chinese Pharmacopoeia Commission. The Chinese Pharmacopoeia, Vol.

1 [M]. Beijing: China Medical Science and Technology Press, 2015.
B R ME G PEAM, —3 M) db5t P E R R
4k, 2015.

[23] KUNG S B, ZHANG G H, CHEN Z J, et al. Change in morphological
and growth indexes of Panax notoginseng seedling under different
light conditions [J]. J Plant Resour Environ, 2014, 23(2): 54-59. doi:
10.3969/j.issn.1674-7895.2014.02.08.

EXUE, 7K, B, S5 AEDR AT =-EamBE Lk
KabrnZB e [0 MBS ¥4, 2014, 23(2): 54-59. doi:
10.3969/j.issn.1674-7895.2014.02.08.

[24] WAN X Y. Effects of shading treatment on the growth and photo-
synthesis characteristics in several medicinal plants [D]. Nanning:

Guangxi University, 2014.

T TPERAE, 2014,

[25] LU A S. Light adaptation and its medicinal composition of Chinese

knotweed (Polygonum chinense) [D]. Nanning: Guangxi University, 2015.

75T, 2 R K % BF (Polygonum chinense) () 38 37 & 3 24
SRS HTBEFE [D]. BTt )RS, 2015.

[26] XUE J P, WANG X, ZHANG A M, et al. Effects of shading on photo-
synthetic characteristics of Pinellia ternata leaves [J]. China J Chin
Mat Med, 2008, 33(24): 2896-2900. doi: 10.3321/j.issn:1001-5302.
2008.24.006.

BEEEP, B0, RER, 5 WX LR eERERRm (I PE
thZjZr &, 2008, 33(24): 2896-2900. doi: 10.3321/j.issn:1001-5302.
2008.24.006.

[27] WANG Y, LIU N, REN H, et al. Responses of leaf morphological and

physiological characteristics of Begonia fimbristipula Hance to light
intensity [J]. Ecol Environ Sci, 2015, 24(6): 957-964. doi: 10.16258/
j-cnki.1674-5906.2015.06.008.
YRR, XA, 1THE, 4. 2875 K% (Begonia fimbristipula Hance)' A
TEASFAE AR S RHE S A F DGR AR [J]. RSBk, 2015,
24(6): 957-964. doi: 10.16258/j.cnki.1674-5906.2015.06.008.

[28] LI Z, XIE S Q, XU W G, et al. Steady-state and dynamic photo-

synthetic performance in the shade-demanding plant Amorphophallus
xiei under different levels of growth irradiance [J]. Guihaia, 2016, 36
(5): 529-538. doi: 10.11931/guihaia.gxzw201412012.

FY, WHLE, WOCR, & RREDCIAM T & BIE YR B X
FaBMBNAOCI M RARFE [0 )P, 2016, 36(5): 529-538.
doi: 10.11931/guihaia.gxzw201412012.

[291 WU T, GENG Y F, CHAI Y, et al. Response of leaf anatomical
structure and photosynthesis characteristics of Parthenocissus himala-
yana to three habitat types [J]. Ecol Environ Sci, 2014, 23(10): 1586—
1592. doi: 10.3969/j.issn.1674-5906.2014.10.004.

RV, BBy, SEE, & SRR B g5 A A & A R
PEXT 3 B AESEIm L [ AEASIAEES R, 2014, 23(10): 1586-1592.
doi: 10.3969/j.issn.1674-5906.2014.10.004.

[30] LU J H, WANG X, FENG Y M, et al. Effects of shading on the
photosynthetic characteristics and anatomical structure of Trollius
chinensis Bunge [J]. Acta Ecol Sin, 2012, 32(19): 6033-6043. doi: 10.
5846/stxb201109101327.

B, TR, WL, & GBI SE A R R i R
AERISE [0]. A7A244), 2012, 32(19): 6033-6043. doi: 10.5846/stxb
201109101327.

[31] JIAO X L, GAO W W. Advances in studies on influence of environ-
mental factors on triterpenoid saponin synthesis in medicinal plants [J].
Chin Trad Herb Drugs, 2011, 42(2): 398-402.

FEREAR, . PREE R 0 24 FAR ) =i S G R R e i
J& [9]. T4, 2011, 42(2): 398-402.

[32] WEN T, LIANG L, ZENG Y, et al. Effect of different light intensity on
Polygonum cuspidatum callus [J]. China J Chin Mat Med, 2007, 32(13):
1277-1280. doi: 10.3321/j.issn:1001-5302.2007.13.006.

SOV, BH, G8, E AFEDEISREZX R S AR R[]
s E 224, 2007, 32(13): 1277-1280. doi: 10.3321/j.issn:1001-
5302.2007.13.006.

[33] WANG Z Q, ZHENG P H, PANG S F, et al. Effect of light intensity on
growth and quality of Asarum heterotropoides var. mandshuricum [J].
China J Chin Mat Med, 2011, 36(12): 1558-1567. doi: 10.4268/cjcmm
20111203.

FEEE, A, &g, & OGREREE AL AR KR E R
KIgem [3]. T EG 2524 &, 2011, 36(12): 1558-1567. doi: 10.4268/
¢jcmm20111203.



