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Effects of lanthanum on growth and polyphyllin content of
Paris polyphylla Smith var. chinensis ( Franch.)Hara

Mu Yang, Ma Ming-Dong*, Cheng Xin, Zhong Xiao-Juan

( College of Landscape Architecture, Sichuan Agricultural University, Chengdu 611130, China)

Abstract. Four-year-old Paris polyphylla Smith var. chinensis seedlings were cultured in five
different concentrations (0, 5, 20, 80 and 160 mg/L) of lanthanum (La) solution. The effects
of different application levels of La on the growth and rhizome saponin content were studied by
comparing different vegetative growth indexes and components of rhizome saponins of
P. polyphylla var. chinensis, as determined by HPLC. Results showed that La significantly
impacted the growth and polyphyllin content of P. polyphylla var. chinensis. Polyphyllin content
showed an increasing trend with the increase in La concentration; however, La concentrations
of 160 mg/L inhibited P. polyphylla var. chinensis growth, which reduced plant height and
increased specific leaf area. Overall, this study suggests that a La concentration of 80 mg/L is
most conducive to the growth and accumulation of saponin in P. polyphylla var. chinensis.
Key words: Paris polyphylla Smith var. chinensis (Franch.)Hara; Lanthanum; Growth; Sapo-
nin contents
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ABIRCANRETS B TR, B TAR KT 2 ok
T ESMET FENEZ R, BT, AXESE
FEYIAR IS PR SE T s R 2, Bilan, il AR
I SHA AR RS SR AR A R, Al N4
B, AR ST LUME I E AR K BT R,
UGS R TS ) i R R A VR A 2
o EERYRE, RAIH] 22°C (12 h iR ) /15°C
(12 h 2B REEAL B E R, AMUA R FHOEA1E
H, dREfEFE SR BT R,

Fiis T B (La) B AR AR A K T
WHMEITER, MO AR, 8, Wi(Se) .
i (Ce) 5 Lo ZXEM ALK LA ERA
BFRRENE —EEm e 2 RS X
Ak ¥ ( Digitaria smutsii cv. Premier) 43 51| 5 jita £l
Aot AN ] v B ) s AL B (LaCly) W, 45 SR R
Mt 750 mg/L FiltJiti 1000 mg/L 5% % n] 2
EXMEAE D BT E, SO R 8
107° mmol/L fy Il B 45 37 W% H 55 ( Glyeyrrhiza
uralensis Fisch.) #4717k 8%, KM HE M I HF
WA 1Y AR W i S X BROAR LG 43 0l 2 B 70.3% Fi
46.6%., 1% E X L4 B ( Tagetes patula
L) BIBFSE R W, Wit 200 mg/L (i & A i e He
. e YRR ESAEHEN . W, R
BRI R IE A S SR A K, RREfE IR
AR BLR  IRBERESE T R AT 20.00 mg/L
SR v TR it 42k Kz A4 f8E ( Dendlrobium officinale
Kimura et Migo) 41, &b )5 H A 158 ( dend-
robine) &N 24.54% , &SNS B 0
T LR B ) AL B AT e 0 AR TS ((Artemisia annua
L) M58 % (artemisinin) L E . X @4 78
R 52 M 200 i A R H RERZ ( glyeyrrhizic acid)
BRI R, TEFRECNES N 0.1 mmol/L Y
PSR 500 ul f5, HEER & W E R m, ik
67.68 mg/L., SRl A 0 1F A MU 7E 48 H A A 3%
TN AR WLARE PRI, AR LA 4 AR AR
PRSCAE T R SEI AL, BIFFE AN [ B2 1 B v v A
EEERARK BT SR, DS E
BN TSR BRI FE AR

1 HESHE

1.1 SRR
e T B 1 T BRI AT IR

A, DAY K2 ) [RIEE 5 51 45 0 Ry HE 1 R
HEHEAEENY, BN, MBS EA W 4
SRR AR E R S AR T A AT RL, EA TR IE AR
1.2 ZWHE

10 L 23R S A DU )1 ARl TR 23 AR IX R 5 [l
MeEEBE R = RN T, WNER RN 60%, i
JEHR(20 £ 3)°C, #AIET NI BERE A
(11 DH)IRAHA, MENEREvEGE, BT Bk
. A 2% BB AR RIR L 4 h 5 KR
Sk EddE | BT R RAE AR 1% i
FREPVA RO BEG UE . BT 1% 2 1R 2 i2 30
25 5 min, FFATHRZEHERE, W&,

2014 4E 11 ] 5 HRMRZEIEE . K Sk
AR A E AR R AR AP o, SRS A
(2.00 +£0.25) g, T 20154FE 3 A 11 H¥hatkak
PP B G R AL A, AR AT BT
3 kg, FiE 4 #k, 2015 4F 7 A 28 H (FEE A
) SR FRATAE

SR HA O(XF IR CK) . 5., 20, 80, 160 mg/L
5 KOV Ina 8 FR AL B, 3 Ak 1 b B,
AREPRER 3 Wk, e 6 Wk, LABEHE Hoagland
SEAERFMAEREBE AT IR(E ), MERERE e
FEREBTK, S 10 d KB 1/2 Hoag-
land &M, b4 20 d J5 Bk B % Hoagland
IR, HIGAE L4 30 d JE TR TEHE k4K
PRI E SR, REAERE 300 mL, & 10 d GekE
1K, AICTEBCESCR, WHEERRE, B
FEERAR AT Z AR RIAE A, AHAR 2 YR A I E] 41
TR LR TE

* 1 MR Hoagland B KA H

Table 1 Improved Hoagland nutrient
solution formula table
PR e Fr e
144 5 %% Standard L& WA FR Standard
Chemicals solution Chemicals solution
(mg/L) (mg/L)
Ca(NO,),-4H,0 945.00 H,BO, 2.86
KNO, 506.00 MnSO, - H,O 1.61
NH,NO, 80.00 ZnS0O, - 7H,0 0.23
KH,PO, 136.00 CuS0, -5H,0 0.08
MgSO, 493.00 Na,MoO, - 2H,0 0.27
NaFeEDTA 2.50(mL/L)

(I pH 6.50
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1.3 BFRERKERMEFSENE
1.3.1 HEHEFEKER

PR A3 R R S0 i A A 3 0 e
MEbkE AW, EEMBEIN R 2R 3
WA E T 35 CT A h L T 2 fadE, MlE 4555 T
iy LR T ARSI ) B R AR AR Y
et E A, et A = it A (em?) /i T
(9); Pri%. LEHEEN G, REREaiE, I
TR = TRERZERR(g)/ THERZEEE (),
1.3.2 HERRZEHSEMNE

W AR A T MR 2576 18 B S A T
BHEE, LRLBENT .

(1) FEAHES: . HPLC S H A B3 LC-20AB
1 RO A s A, 3% 4RSS phenomenex Luna
C18(4.6 mm x 250 mm, 5 um); WahAH R 2
(A) = 7K (B)BEEBEML (0 ~ 10 min, 5% ~20% A;
10 ~ 50 min, 20% ~42% A; 50 ~90 min, 42% ~
80% A; 90 ~ 100 min, 80% ~ 95% A), UEMimf
[d] 100 min; #iE#E 1 mL/min; %K 203 nm; #:&
30°C; #FHELE 10 uL,

(2) P SR 25 . T4 2 e i Y A
MG 40 B, FREES R 0.25 g, &
F 100 mL #EIEHEH, A 70% 4B 40 mL, [l
U2 h, WEEUEW, EE 3K, AIFIER, S
R4 n, IHESERZ 10 mL, FH 0.45 um 1%
FLUER IS 38, BIAR LA A

(3) X PR SR E M il 2% . 43 S HAE 40°CTF T4
pEMRE L, T, VI, VI #a#Es: 10.00 mg, #i
whE, FHEEHRI 0.4 g/L MES BRI EY
TRA X RAE R (B 1. A),

() BN FR T J3 3 R IR & X IR 1,
2.5, 5, 10, 15, 20 pL A A6 I 45 1 0 T AR U
EGER, UHEHER (X, ng) SRR (Y) #1740k
mUHHE, ERR T, 0, VI, VI ymEH
A¥HIH: Y, =127580X, + 199371, r=0.9991; Y, =
131043X, + 175627, r = 0.9993; Y, = 230859X,, +
280145, r=0.9996; Y, = 199846X ,+ 179498, r =
0.9995,

(5) K BE Ly . W HUR A X I 10 L, i
grifre e e, MigEMgEE 1, T, VI, VIEmR
RSD {435 . 0.95%., 0.83%. 1.14%H1 1.20%,
R IEHRG B A

(6) A VS . WAl — A 5y, il s it
WA, i bR AmeEEgRT 1, 1,
VI, VIfgude AR, Ha5 ot 4345 RSD {B 430 4 -
1.32% ., 1.10%., 1.27%H1 1.55%, F S04 &HE
PERAT,

(7)FesE s . m — bl sk, &% O,
2. 4,8, 12, 24, 48 h #EkE 10 uL, ic S04 TH
M Eg R L, T, VI, Vg RSD {4
I 1.19% ., 1.37%., 1.56%F1 1.98%, 45H3%
B HAE 48 h INFASE .

(8) JNFE RS . HCE 7 e ) ) — {3t
6 1y, BH#10.13 g, AHIIMA 1 mg EME R
I, I, VI, VIXFRE S, &l % ik
ERERENE 4 FhEA BT SR, IR
JIEE [m1 0 343 91 Ky, 99.31% ., 97.42% ., 97.58%
F1198.69%, RSD {H/35M: 1.43%. 2.11%., 1.98%
H11.75%,

()RR AE . HUAS [m] it 89 7K SF- A R Y A
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A EEA R, O, VI, &K1 B),
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Fig. 1 HPLC chromatograms of the reference
substance (A) and sample (B) of polyphyllin
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1.4 HIBHH
Bedfe % H Excel 2013 Fil SPSS 20.0 # {17
GEitamr,

2 HBRENH

2.1 ARSI S B0

AN it SR 7K P % R T R e A A i S (P <
0.01), Hh Bl & i AT 1Y Fh i 226 S TR
PR, SXFHRAREL, A5t b P ) A E AR PR = 1
HAriE e, 0l E 34.20% ., 37.84% . 29.84%
H16.96%, KM 20 mg/L HAL BRI, A8 H Btk
iR, BEE BT — RN, bR 2 R
e UL A TR S A R SR, AR
PAab PRI ARE MR R AR (R 2)
2.2 AEHESHKTX £ ER 0

AT RN AR AR e SXTRRA R, 4%
it ab PR AR S 2R T E O B Ak, SR A
160 mg/L BAbHAY, 25T E & IKE R 0.29 g;
Bl AT TR, R TERE LI TR E
P B HRZE TS TR UL IR
PAAb PRI R HEARE M AE YRR N, (A 2P AR
R E AT, AR R R (R 2)
2.3 AREEHEKEX LM ERA 0

XA AR L AU R R (P <
0.01) . BEE BT e, A A2
ST BT 20 ~ 80 mg/L Jita#i 7K -1
P, He i B 5 I X R, 20 mg/L il Ak B
BF, HER ARG ; 160 mg/L ALSBRET, Heat i R
i, BN R 4.54%, 5B kb B E) 22 Rk
B B (% 2)

2.4 AEHESHK T X T ZE B0

B T TR RN E R A P A T R
%, PRI TN — e bR, SR
FHEL, 25 0t B A BT T 2 0 T gt i, 40l 2
19.74% . 7.93% . 7.66%#18.05%, 5 mg/L #iib
PR, PR TR R A T R e Ak
TR (E2),
2.5 AREEHEKENEHSENZIME

ININFR EOCEG, BB D E R AR AR AR 2E
2GR &, BEBB/KF3m, b EkR
1, I, VIgEREETHE TR, 280K
P80 mg/L i, EHERE T, I, VIS =YIA
B e, 439 1.67, 0.86 #10.68 mg/g, &
SRR R 4,22, 27.67 F1 16 155, 450K F K
160 mg/L B, EHERE 1. VISR TR, H
HXRIEBEEXES; B I &8 - ERENT
W, EHS AT R 2 TR R 2R 5 mg/L
1160 mg/L BRALERRS, A VIF bl 3 v 5
B, {H42RH 20 mg/L #1180 mg/L #ALFERT, H:
Fra xRN, R AT RS U R A R 22
AR, SXTRALL, A A B A R R A
i EAHEY, WE TR 2)

3 g

WHFE A REH], M LT R EREE TR E K
FARZE T B B R ST A I 0 5RO, A
KPR TR, A48 AR B R S BT A 2 J5 1) Y
o Forp HOm T BUR PR R M R D) BRI A
2R, TEFR oy SRS, i R BJR B A ) EE e AR
N, TAHEZM RUBP 2ALEE, SLareing, 5™

® 2 AREMEHEKFENEERERKPIIG

Table 2 Effect of La application at different concentrations on the growth of P. polyphyila var. chinensis

Y Biomass (g)

H7KF- PRis FE I TR i

La level Height 2P ) Specific leaf area Dry rate
(mg/L) (cm) Shoot dry weight Rhizome dry weight (cm?/g) (%)
CK(0) 15.38 + 0.38Cd 0.30 + 0.02Aab 1.18 + 0.03Bc 49.77 + 0.56Bb 33.54 + 0.38Ab
5 20.64 + 0.24ABab 0.31 = 0.01Aab 1.57 + 0.06Aa 49.50 + 0.13BCbc 40.16 + 2.70Aa
20 21.20 + 0.35Aa 0.32 + 0.00Aa 1.66 + 0.06Aa 48.37 + 0.29Cd 36.20 + 1.05Aab
80 19.97 + 0.17Bb 0.31 £ 0.01Aab 1.64 + 0.03Aa 48.77 + 0.31BCcd 36.11 + 1.05Aab
160 16.45 + 0.23Cc 0.29 + 0.01Ab 1.34 + 0.03Bb 52.038 + 0.06Aa 36.24 + 1.17Aab

TE: RPBAEEFE + bk, BUEERSUAR/NG FREFORAEBIELE P < 0.05 /K B2 5 B3, AR KE FREFR 22

1E P < 0.01 KV LS B#FM, T,

Notes: All data in the table are average value + SD. Value of the different case letters indicate significant differences at the P < 0.05
level, and different capital letters indicate significant differences at the P < 0.01 level. Same below.
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7K1 La level (mg/L)

FE R ENE FREFRRARBLHIAE P < 0.05 7KF Y28 5 3, ARIRE FRRRAEBELE P < 0.01 K L2 5 &,
Different lowercase letters indicate significant differences at the P < 0.05 level, and different capital letters indicate significant
differences at the P < 0.01 level between different treatments.

B2 FREMKFETEEXREEESE

PR AT R 20 mg/L BiIAL BRI
AR LI T BUR /DN, MR RR, LG RE o,
AR AR AR R TR AL B, s R S %
BB AE S B — 3, BARAR/K O S Ab B XA
AR — AR, ES 8K T — Il S

Fig. 2 Saponin content in rhizome of P. polyphylla var. chinensis under different La levels
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WIRER, BERAEY R, TEASE S, MHKTh
160 mg/L B, AR AR RO, PR st
TH AL AR, HR R A BB B T v
MBI T RGBT R e, SENRGEMERE R, i
HME, NI REAAE ) B BT B8 7, 52 AR ) 1) A
K20 MR 5 mg/L BIALERRS, feE BT TR
HiF, SXTIE2ES R UK A B nT 48 S e
R,

HETEF I, M 00 28 % 38 1 52 0w 40 it
T A6 ) VAR B S AR A i 5 W T 42 TG A e S R A
T ST 0 240 B 55 B AR AR DGR I B 2658, F8 IR
A AR R A DGR Y G B, T T S e 2R AR
PR R B2 R TS AR AT I A 5 P AR
th, FIGEE LaCl ¥4 uk 1 A6 Y IR mE A r3sE 1,
HMEEE S RN E, ALREEERRY], x4
MR ZE O R RO S P e AN — 35, Bix R
BAF L I, VI & 5 A 52 e R S 3 I v A2
dE | R B R X E R R LA RZ e 2 5
A R TS X T BE S A AU Y
SR R LR A S N S A Ll (R Y
( Cyclocarya paliuru Batal.) B 5% H 45 i, Wit
Wi L oCR AT i B b L sy M R
o T Ig 2 A8 B 1L A ¥ ( Dendrobium huos-
hanense C. Z. Tang et S. J. Cheng) 451 H ik
20 mg/L 9B, A RS e 76.33%, {H
MU REHE— L IGINEY , RS RITIR R, XLt
FEE— 2 RIS S N T 2 R SR A 2
g3 B B R VEEH

Lia B EE SRR . AR R
B R o AR de b, A I A o R it B 7K Ry
80 mg/L K MIEH
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