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Abstract: Paris polyphylla Smith var. chinensis (Franch.) Hara is a rare traditional herb, the rhizome of which (named Paridis
Rhizoma) is commonly used for its antitumor and anti-inflammatory effects. P. polyphylla mainly comprises saponins, the production
of which is affected by the intensity of light. Therefore, the determination of the most suitable shading degree for this herb plant in
northern Zhejiang can lay the foundation for the promotion of its’ artificial cultivation. In this study, the effects of different degrees of
shading on the accumulation of saponins in P. polyphylla and on changes in their biochemical indices were explored. The plants were
maintained at the arboretum test site of Zhejiang Agriculture and Foresty University, China (30°15'N, 119°43'E) from June to
September 2019. Black shading nets were used to create different shading conditions (70%, 80%, and 90%). Six-year-old P. poly-
phylla plants were used as the test materials, and their contents of saponins, photosynthetic pigments, malondialdehyde (MDA), and
osmotic adjustment substances as well as antioxidative enzymes activities were measured to determine their response to shading conditions.
The results showed that the saponin content was negatively correlated with the superoxide dismutase (SOD) activity, peroxidase
(POD) activity, and MDA content (P<0.01), but positively correlated with the chlorophyll a/b ratio, catalase (CAT) activity, and so-
luble protein content (P<0.05). The 80% shading condition was most beneficial to saponin accumulation, as evidenced by the highest
total saponin content (7.19 mg-g ") in the plant compared with that yielded by the 70% (3.79 mg-g ") and 90% (1.85 mg-g ') shading
conditions. The contents of all types of saponins were the highest under the 80% shading condition (polyphyllin I: 1.45 mg-g™;
polyphyllin VI: 2.52 mg-g"'; and polyphyllin VI: 3.22 mg-g™). Additionally, the contents of photosynthetic pigments (total chloro-
phyll: 4.72 mg-g") and soluble proteins (11.28 mg-g ') were higher in plants under 80% shading than in those under 70% (total
chlorophyll: 2.94 mg-g'; soluble protein: 9.23 mg-g ') and 90% shading (total chlorophyll: 3.81 mg-g '; soluble protein: 7.72 mg-g ).
However, the activities of POD (2.89 U-g ''min”") and SOD (105.01 U-g"'-min"), contents of MDA (11.90 pumol-g"') and proline
(8.88 mg-g’") in plants under 80% shading were lower than those in plants under 70% (POD: 3.20 U-g'-min”'; SOD: 123.38
U-g“min"'; and MDA: 13.89 umol-g '; proline: 11.48 mg-g'") and 90% shading (POD: 4.90 U-g "-min '; SOD: 165.09 U-g 'min ';
and MDA: 15.46 pmol-g”'; proline: 12.68 mg-g"'). Moreover, compared with the plants treated with 80% shading, those treated with
70% and 90% shading showed significantly lower contents of total saponins. In summary, different degrees of shading significantly
influenced the P. polyphylla saponin content and primary metabolism. The data from this study provide a theoretical reference for the

artificial cultivation and quality improvement of P. polyphylla in northern Zhejiang.

Keywords: Shading treatment; Paris polyphylla Smith var. chinensis (Franch.) Hara; Saponin; Physiological and biochemical indexes

B —KE 48 [Paris polyphylla Smith var. chinensis P 2R G0 SN, T A ] A R e R A AR
(Franch.) Hara] ;i 5 F} (Liliaceae) 8 J& 24 FHAH Y, WA . @Jﬁﬂ, BY RN g R, AN I AL A T
NAFEMS, JIK, ITH B, WE (P AR VI =k [Panax notoginseng (Burkill) F. H. Chen ex
FEzZG ) U, 5% B E M [P. polyphylla Smith var.  C. Chow & W. G. Huang] " £ 5 [A I, {37 i 15
yunnanensis (Franch.) Hand.-Mazz.] 3 [7] 51] 2y 24 #4 PRSI, W Bt 2 E AT W R B . R T
HERAEIEAEY), Dt PR ZE A2, B TE R EE . TH FALA WA R AR 2, Ot I & 5 m 2 AT A %
i 1k 90 A 255, TR AR L R A S, MY AN 12—, RN Y i 2R A
“ AL HIT . FEEMEE L R A 2 A 2 v Y b T 4 S, AR S BOOGRRVE RN, AT O bl
R — T AL A 2R R AR, B A2k B ) 80 T £ =, R ALY LS DB 2 T B
AYOAE . POL LB . 1k A2 ERAE S Bt IR 21 ifF 9 2 U, YR AT S b i — R AR Y O
—KAE A TREGTY . /. WL IR, BRRE, FEDU )X, 40% 1 60% A2 AT T A
JRAEFE IR 1800~3200 m AR T ; AT 4F ok, i F A 22 RIS, BOGRE KT 80% £33 a Yelihin ; e
T, WP A Lt — R AR TR B AR L, 2T TR W5 A& B, S5 BE 6% 52 ) 1) me b IX i — R AR 1
Hl e AR R ik B2 25 T oK R T o MR A i, DL 70% MERH B s . LA BB ER

TELi—BAE A K L F L # v, & H Ot R W, LR JE S L RO G R . R
AT 22— FSE L, GRS A Y A= YOG AR A R (A, PR S S, Bt — AR
KEBFWELEAER 7, LR ERELS RS XoF I B FR B Y RN [R], HOEERE R A  R B AR 22
T, AR I SR AR R RO A R XTI M R 5o (HRAEDAEN T T S5 E R LR AT REA G
A R IF HL I8 AR5 T DL R R AL BRAE BRIT A [ A0 AG I, (7] s i b b X i — A e
AR B AT MR A A2 R A s, A 5T M 4 o
PRA AL R R Bl 2 R R U, 7 AR R TR AR, TR R AT OCRER L — AR R
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SRS, L 6 AF AL — B g bR, BF
G2 1A [ I B 2% AR ) T A e R A AR 2
(7 Fof Y AT 470305 4 B PR A . TIPS I W T )
IRt € (=E TN e W Nt e Y L bR E NI
Ui 36 165 BT A M DX I — B AR R AL S AR
6 B 26, S 92 BB i — B R T BB 0 A= Ao
R BRI TS AR B2 25, iR 42 71 25 44 i
Fide B HCH -

1 MR55EE

1.1 R RS SR

HE 0B BE R AW VLR PR R (VL I
30°15'30"N, 119°43'27"E) H ¥y [, Hb 4k #7 V145 Pidb
BB, Ja BT 2 KU, TR R, DGR AR, T A
i, PUZRA3 B ; 44 [ TR 24 1600 mm, JC 7R AR T34
237 d, AR 16.4 Co RIS HRR A H ]
7=, M B A BN R I £, 2
VLR K A 2 B AR 5 E AR E
JEHE )L A
1.2 REF*E

R AL SR B T LA 3 Rl B AR R BT T
70% . 80% Fi1 90%, 1| % & 1 [ 194 J22 500 5 ] ok 4
HEE AR BE o B PHA = 2y 2 m, N RSk IE B i
0.2 m, {3 50 1 AN 32 R W6 B Y 55 0 FH R 3 (B
FI L FALER A BR A |, o E AU T 1 K IEF 12:00
SE WIS B R . B — R A A RR AT I
0.5 mx0.5 m, B AL 7CRIAE 1 Bk, AbBEES ] 2h 2019
A 6—9 15 3 Pl B0 B B AR A . KA — 3
1.3 MEIERR G E
131 EHEEHEENE

00 45 SRR, A Ak B ok B AT AR — B i
B 3 bR, BEARIZHCE BRI 1, BRI
g3 I, e, vEE, UR T, SRR, i 50 H
i, & H .

K TR OB A (3 v (HPLC) I Ak e & 1
DSE FR AR AN E S B A R IR 2588 (2015 JR)',
THE A 1A J7 B2 [ B AR 4R 24 BLBESR, HE A7 7 ik 2
ZE, ARG . e il . EE M
FINEE DGR, H A A X R iR 2 (RSD) fH.

R Ky QAR A BRA T C g A
(4.6 mm x 250 mm, 5 pm), LA Z & AR SIAE A, K BIR
s A B ik AT B JE Yk L (0~40 min, 30%~60% A,
70%~40% B; 40~50 min, 60%~30% A, 40%~70% B).
FiE A 0.8 mL-min ', FHEER 10 uL, KK R 203 nm,

FEE 30 °C.
132 SBEAEIERRNE

T 0 45 AR, B A 3 B HL R 4R K A I
{32 TG L L — B R e, RS AR R S
WA E ARG R kil e DL e AR R
FH B2 B2 75 0 7 28 2 a (chla). PF4% 3 b (chlb)
S N2 (Car) F i (mgeg ), SR A A A B ik
FE 2L A ALY (POD) 3 P (U-g 'min ), R & U
WO I 5k D e R AR A ) B Ak g (SOD) i
(U-g "'min "), R 58 AN S0 I a2 11 S8 A SU T (CAT)
P (U-g min ), R FHBRAR B 22 R L £ 750 2 7
W (MDA) 24t (umol-g "), SR FH i 37K Ay 12 1 0 2
THZ R (FP) & & (mg-g ), R 25 B 40758 i 2 00 o vl
WPEE A (SP) & (mgeg ), SR B = R 0 22 Uhf
B A LR (FAA) & & (mgg ). PIEMERE (SS) & &=
(mg-g ") I 2R R
1.4 HIESDH

F]FH Origin 2018 FlI SPSS 22.0 % 4 ik 47 %5 4f 4b
PR G, 25 LA EAR I 227 R o

2 BRSS9

21 EFRALEMEMH—RTEEREFSENEMI
2.1.1 ZZMREEAXRER

EREHT . BRI, SRV, S
L VIDRR 74 SRR B A HPLC 8138 0L 181 1, M4 bR
HEA Y IR (B 1A) TR R (& 1), r 8
BIKT 0.999, Ltk FR R AT 145 FF S W T BUHY A
AR TR
212 FEFERLG

J5 ¥ 2 5 A5 Won iz e SR E B R AT
K % % 54 0 1H 5 1% RSD L R 0.27%~2.56%,
T ARG % B R R % 25 0 115315 RSD
T 0.81%~0.95%, F&WIFE M MAE 16 h PG I
S5 RICFE A, R M R A A 1 a6 3 B e i AR
RSD {5 [ A 1.44%~2.97%, 3 8% )7 i i BLPE R 4F;
JFE TG 345 RN AR 95.49%~98.17%, T4
W TR FL RSD Y FEIN 0.14%~2.62%, 2B [AIUCIE I K 4
213 HHNELER

XoF 5 S8 BT A SR L i — R AR AR ZE R T E R A
ErE I, AR YE LA RS R Wk 2 TR,
1 80% M AL A& T, AT T . EEEATV
AV R R ATV fe s Ho& = SR o B (7.19
mg-g ), 7+ B 70% F1 90% 4b B0 F K B S R
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Fig. 1

HPLC chromatograms of polyphyllin standards and samples (1: polyphyllin VII; 2: polyphyllin VI; 3: polyphyllin 1I; 4: poly-
phyllin 1)

R1 EREHRERAREMERAGE

Table 1

HPLC regression equation of reference solution of four authentic saponins

HAFZ$HY Saponins type

[l 75 % Regression equation ,

EHEA T Polyphyllin 1
AT T Polyphyllin 1T
T AT VI Polyphyllin VI
TR VI Polyphyllin VI

y=418 655x—26 726
y=345133x—14 445
y=487 983x—22 655
y=318 393x—13 975

2V Linear range (ug)
0.9991 0.0398~3.9844
0.9994 0.0398~3.9884
0.9995 0.0399~3.994
0.9991 0.0399~3.9956

®2 AEREERNEH—RERZNEXETS BN
Table 2 Saponins contents of Paris polyphylla Smith var. chinensis (Franch.) Hara under different shading treatments mg-g '
B RE AT ity RV FREE VI Gt Ny
Shading degree (%) Polyphyllin | Polyphyllin II Polyphyllin VI Polyphyllin VI Saponins content
70 1.06+0.21a — 1.25+0.40b 1.48+0.24b 3.79+0.54b
80 1.45+0.28a — 2.5240.09a 3.2240.11a 7.194+0.42a
90 1.11£0.01a — 0.23+0.06¢ 0.53+0.07¢ 1.87+0.13¢

[RIZASIR] /NG PR3 7R AN [R) 30 9 J3E (A1 7 P<0.05 /K F- 24 5+ 1. 3% . Different lowercase letters in the same column indicate significant differences at P<0.05

level among treatments.

(EERAT T, EEH T, SR VIRES R
VIR AE 0.6% LA _1); (HURARIAFI AT 2020 fitzy i
FRLE R T . EAE R T AEBE S VL
HATE 0.6% DL ) 3 FpAbBE A, FAR S VIFE AR
H&E, S SEEB BEEER, ME%
BH I SEERHAARE, I, FEARRE A b
PERE A R B ARG AR AT T .
2.2 EFREX It — RIS UEEE REN
W& ERFN
221 EFALIEX IR LESE M AR 0D
AN [F) 358 T Ak 24 it — B A T S AR il 3 1 5 SR
7 3 ir7x, SOD il POD i P4 45 1k #a $4%— 3, ¥ LUK

BH 80% &b B £ ik, 43 %1 4 105.00 U-g "min ' il 2.89
U-g “min""; B B >4 90%H5F, SOD i1 POD I M 2 Ji]
T (165.09 U-g 'min"', 4.90 U-g "“min""), 3 g 73 5]
h 57.23% (P<0.05) 1 69.55% (P<0.05). CAT i 14 Fiti
B BE b T R B, LA 70% Ab B R, R 21.43
U-g 'min", 8 B 2 4 90% i, CAT 1% P 8 A% T H
flAb 3, Hy 5.74 U-g 'min', DA EZ5RFEI, 5 HAb
b BRAH EE, 80% 3 B AL B A4 - I — A 4E 52 51 56 W
HEL/IN, T 70% K1 90% Ab B F - M — A% 48 1 44 9 ity
F G0 N 5R AU, A, 90% 4B R b M — A AE X T
AR B BRRE KT 70% kb B, CAT i Fi&
PEETH 5 R GH T i, ¥ SOD 1 POD 43 fiff 1% 1 48 it
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*3 TEERALET LM —RENRELEEETK
Table 3 Antioxidative enzymes activities of Paris poly-
phylla Smith var. chinensis (Franch.) Hara

under different shading treatments U-g ''min’’

I SODi POD{EE CATHf M
Shading degree (%) SOD activity POD activity ~ CAT activity
70 123.38+4.99b 3.20+0.06b 21.43+1.01a
80 105.00+3.67¢ 2.89+0.15¢ 19.78+1.85a
90 165.09+10.94a 4.90+0.09a 5.74+£0.97b

RIS /1N 7 B 2% A o 1 ] 76 P<0.05 K 122 57 . % -
Different lowercase letters in the same column indicate significant
differences at P<0.05 level among different treatments.

A A A SV AR TEE KRR, 90% 4b 3L
i) SOD F1 POD i ¥ i iy . CAT i M A%, R IAFL
A FAR S TE AN SR WL, T K 1 W) 1A 9 1 ) B o8
AR T0% FI1 80% A HH AR 57, 3¢ W H A BUIR S
T 90% Kb,
2.2.2 EPALIEXT MDA FREME M

AL 7 ) MDA 7 1 Fifi 3 B B2 A A2 Ak i AR Ak
(1 2), Horpr, DL 80% i B Ak T 5 & A%, o0 11.90
umol-g ', BE B AE ¢ 155 1) 90% 4L FH (15.46 pumol-g ) 1%
23.03% (P<0.05), %45 it — 2 ARE, 80% il B PR

20

—_
W
[ox

MDA &
MDA content (umol-g™")
=

W

70 80 90
A Shading degree (%)

B2 FEIERAFZHGTEH—RENRAZE (MDA) 28
200
Fig. 2 Malondialdehyde (MDA) contents of Paris polyphylla
Smith var. chinensis (Franch.) Hara under different
shading treatments
N/ NG FRARCEF —F548 T R R HEAE P<0.05 K2R BE
Different lowercase letters indicate significant differences at P<0.05 level

among different treatments.

T A A RS RR A R A AR A, A2 Y R
FRL/IN, 1M 90% 3l B 8% b i — A 8 7= A 556 A,
MR . 454 MDA & B RV 57 BE IE PE 44T
NN, 90% I B AN T i — A AL Y AE 77, 80% A
XF b — B AR 1 AR AR A R, 70% 3 1AL IR T
80% A
23 EALEMEH—REXEERES=NEMN

m 2 4 LA W, R 70% Ab BRIP4 a, b, 28
NS, R E ab LR R R AR,
80% s B Ab P B 4 = TR R & &, 3 70% i
FIAbBE, MF2% 2K a, WH4RZE b, K MRS E. 0
L FR a/b ML R S A B4R 70.83% . 30.38%.
85.85%. 32.72% Fll 60.54%, 2= 5 4 ik B & K F
(P<0.05), I H. 80% £ 90% ik B AL FR Y -2 28 2, I
R DM ER AR DE ST 70% 43, i
80% it B RE WS A iE S A (8 K 19 & i, I HL I B e
AR FHRERS IR B 4R R a FINF4RER b L.
24 EFARLEXM-EMH—RXERAFMHRE SN

25 A 3 22 T] A M ) BT AR S
It H b6 0 B R B A G I, T vERE . AT P
JoT i S A R R R AR & B AR AR TR, Nk S
7N, 5 90% i B AL BEAH E, 70% 1 80% il [ Ak B (1)
AL OBE S a BG IR 4 0 O 246.43% (P<0.05) il
207.14% (P<0.05), 156 W B 4 30 B AR B2 1% 7t e, AT s 1k
A er 30 [N - S B O NE oY e = DTN oo o i
FIBE AR A 2 5 1 THE MR, H2ER 3, Hi,
80% 4b BT 75k 2 1 PR O R B s, M 11.28 mgrg
B 90% Kb PR R 46.11% (P<0.05), B AL & &
B o S ) B b T S 2 1 0, 90% Ak BT i g Ak
MR B, N 7.54 mgeg |, B 70% AL BRIE I 56.11%
(P<0.05). i 2 R 7 2 bifi 38 B R AR fb 22 5 T R s I
T, 80% Ab BRI 22 7 = iR AIK, 7 8.88 mg-g ',
B 70% AbFAT 90% AbH 43 A 22.64% F1 29.97%
(P<0.05),

HY AT 0L, b i — A A i ) AR AR R B 2
TR AR, DGR H S e AN 2 oy o . 2Rk, (HATI AR AT
TE—EFUEE, 255 AT LA L BdE Ak, 80% ik BH 4k 3t

x4 TEEAZFGHTEH—RENLEERIETNK
Table 4 Photosynthetic pigment contents of Paris polyphylla Smith var. chinensis (Franch.) Hara under different shading

4 4 Kt AR E
I Chlzfp%;l a Chlifp%;l b ?fﬁnr(:i/f "Rl Tot:{f};l;)roiyll
Shading degree (% = - ~ Chlorophyll a/b B
g degree (%0) (mgg) (mgg ) (mgg ) P (mgg )
70 2.16+0.09¢ 0.79+0.03b 8.48+0.34b 2.7240.02b 2.94+0.11¢
80 3.69+0.25a 1.03+0.04a 15.76x1.31a 3.61+0.42a 4.72+0.21a
90 2.86+0.06b 0.95+0.01a 10.15+0.16b 3.00+0.04b 3.81£0.07b

[RIZNAS ]/ INE P 36 7 AN [R]GHE BH B[R] 78 P<0.057K 22 5% . 3% . Different lowercase letters in the same column indicate significant differences at P<0.05

level among different treatments.
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x5 TEHEBLETEH—HENTRMEIRIETK
Table 5 Soluble substances contents of Paris polyphylla Smith var. chinensis (Franch.) Hara under different shading

treatments mgg '

JEFAEE Shading degree (%) AR Soluble sugar AT M 5T Soluble protein B E AR Free amino acid % Proline
70 0.97+0.01a 9.234+0.01b 4.83+0.02¢ 11.48+0.22a
80 0.86+0.01b 11.28+0.05a 5.53+0.23b 8.88+0.47b
90 0.28+0.01¢ 7.72+0.04¢ 7.54+0.61a 12.68+0.26a

[RIZAS [v] /NI B 3 7 AN ()38 BH B TH] 78 P<0.057K - 25 53 . 3% . Different lowercase letters in the same column indicate significant differences at P<0.05

level among different treatments.

AHFRF-Er—RAE K
25 tMH—HREEREFA=5ELIERMNEXN

S

EREEH SRS AR E BT 6
fiin, &5 SOD i . POD it . MDA % &
Z IRV ER B ARG, DGRBS -0.90 . —0.89
F1-0.95; 5 CAT I M A7 76 b 2 1 AH OCHE, A G R %K
H0.79, ARG5S UL E— G iR Y, 24 SOD i
PEFT POD T PE MK . MDA & 8K . CAT 7% Pk
fen B, L A A R R Y R, RIS R
' BRSSO BRI, A R T A AT
3Tt

UeAh, A RAT A S AR GRS B A
Bt 3 TEAROC, A OC R ECH 0.99; 545 a/b fA1E
B IEM L, ML RECH 0.70, 5 HAlEA @ K Al
VP o R 1R G i A S, BRI R AR AL A
AR A S SR o/b W E R, B
A T RE .
3 iTig

LR TR E R, (AR T
BRGNS SRR, M. B G, ok e
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