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Abstract: Objective To investigate the effect of NPK application on the contents of saponins in Paris polyphylla var. chinensis, so
as to optimize the best NPK application for P. polyphylla var. chinensis, which provided some scientific basis for its rational
fertilization. Methods A field experiment was carried out with three factors and five levels second order regression current rotation
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design, and the contents of seven kinds of saponins were determined by UPLC-ELSD. The regression equation was built via variance
analysis with F-test, the effect of NPK application on the content of saponins was analyzed by model analysis, and the optimum NPK
application was selected by frequency statistic method. Results Results of contribution rate analysis showed that N fertilizer made
the highest contribution to polyphyllin 1l and V, P fertilizer made the highest contribution to polyphyllin H and gracillin, and K
fertilizer made the highest contribution to polyphyllin 1, VI and VII. Single factor analysis showed that NPK application had a very
significant impact on the content of polyphyllin VII and VI (P < 0.01). The interaction effect analysis showed that the synergistic
effect of NPK application could significantly increase the content of polyphyllin VII. The optimum NPK application areas were
516.39—557.19 kg/hm?, 2771.70—2848.20 kg/hm? and 461.61—502.65 kg/hm?, respectively. Conclusion The regression equation
model was established between the contents of polyphyllins in P. polyphylla var. chinensis and NPK application, which could be
beneficial to increase the contents of saponins in P. polyphylla var. chinensis, and provide a scientific basis for rational fertilization.

Key words: Paris polyphylla Smith var. chinensis (Franch.) Hara.; N; P; K; polyphyllin VII; polyphyllin VI; polyphyllin H;

polyphyllin 11; gracillin; polyphyllin I; polyphyllin V; optimal fertilizer application rate
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pH i 7.50; A HLFE N 32.36 mg/kg: BRE N
158.67 mg/kg; HAE N 51.67 mg/kg; HEET N
236.71 mg/kg. WK R NEAME (X BEE
(X)) HFPE (X3, KH 3 & 5 K PF_iEH

TR A AW T, 3% 20 ANRER, 20 AN/NXBE
Pl Tl G4/ XAy 16 m2). i
R R AR W% 1. s A e H G
ST R K 2.

#z1 HEFEKERE
Table 1 Code of factor levels

KT BES i JIE 5/ (Kg-hm2)
A ik il ZHE JRE T GERERRES) BRI (BRERE
-1.6818 0 0 0 0 0 0
-1 92.10 122.70 92.10 200.10 1022.70 180.45
0 227.10 302.70 227.10 493.50 2522.70 445.20
1 362.10 482.70 362.10 787.05 4022.70 709.95
16818 454.20 605.40 454.20 987.15 5045.40 890.40
A1 135.00  180.00  135.00 293.50 1500.00 264.75
F=2 REHITSLHERR
Table 2 Experimental design and implementation of programs
MX [EIEWES SEHE T /g (16 m) ™
W5 H X0 i (X2) B (X 28 URE) AR GLBERES) AR (BRERED
1 1 1 1 1 258.65 6433.1 1135.25
2 1 1 -1 1 258.65 6433.1 288.62
3 1 -1 -1 1 258.65 1635.5 1135.25
4 1 -1 -1 1 258.65 1635.5 288.62
5 -1 1 -1 319.99 6433.1 1135.25
6 -1 1 -1 319.99 6433.1 288.62
7 -1 -1 -1 319.99 1635.5 1135.25
8 -1 -1 -1 319.99 1635.5 288.62
9 -1.6818 0 -1 0 4034.3 711.94
10 1.6818 0 0 1578.64 4034.3 711.94
11 0 -1.6818 0 789.32 0 711.94
12 0 16818 0 789.32 8 068.6 711.94
13 0 0 -1.6818 789.32 4034.3 0
14 0] 0 16818 789.32 4034.3 1423.87
15 0 0 0 789.32 4034.3 711.94
16 0 0 0 789.32 4034.3 711.94
17 0] 0 0 789.32 4034.3 711.94
18 0 0 0 789.32 4034.3 711.94
19 0 0 0 789.32 4034.3 711.94
20 0 0 0 789.32 4034.3 711.94
22 tMH—#fth 7T HEESENE A ! 467
221 ik f sk LR x| P ESTE
B ERNE TS, CRESEAE. d |7
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HE DA b E 9 3t 7] 171 S-AFYNEH R 6-EERF I 7-EREHV
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Fig.1 Chromatogram of mixed reference (A) and sample (B)
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PR, B 05 g -BH—FAERE SR K,
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HEE, $£2, #E 4 h, S 30 min, JE, &
2 ERERE 1 K. &9F 2 IRIEML 45 CulEhE#
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Table 3 Linear regression equation of reference

B4y ANy R? LR MY Bl (ug mLY)
HEHEEHVII Y=990 746 X—12 920 0.999 1 0.0104~0.313 2
HEREH Y=3X108 X—8 588.6 0.999 1 0.003 2~0.097 8
HEEEH I Y=775109 X—3548.4 0.999 3 0.009 5~0.285 6
HMETBT Y =242 905 X—6 399.9 0.999 9 0.009 2~0.276 0
LT | Y=1X107X—9588.4 0.999 1 0.000 6~0.019 2
HEREEEV Y=1X108X—12 009 0.9991 0.008 8~0.265 2
HRERE VI Y=1X108X—17 682 0.9990 0.009 5~0.283 8

R4 HRBTHEFSE
Table 4 Contents of seven saponins
NX B3 3%

Ya's EAERTE VI ERETF VI EERTH EREI I JHEHeT S8R

EAARH V ESEEVIL L BRI

1 0.459--0.009 0.3040.0050.017 +0.004 0.224 +0.005 0.022+0.004 0.8170.0010.202+0.017 0.500 2.045
2 0.248-0.004 0.128+0.0000.017 +0.001 0.185+0.000 0.046+0.001 0.584+0.0110.029+0.013 0.339 1.237
3 0.288+0.0390.1394-0.011 0.01040.0000.235+0.011 0.01740.001 0.843+0.0010.107 +0.086 0.455 1.639
4 0.14740.005 0.059+0.0090.011 +0.001 0.196 +0.009 0.013+0.001 0.673+0.0160.143+0.001 0.339 1.243
5 0.2822+0.0050.069+0.007 RA&IH 0.107+0.007 0.086+0.006 0.511+0.0110.027+0.006 0.300 1.081
6 0.12940.004 0.07740.0040.007+0.000 AWM H 0.0014+0.000 0.016+0.011  AAGIM H 0.073 0.23
7 0.1554:0.001 0.051-0.001 0.283-0.009 0.166 +0.001 0.006-0.001 0.351-0.009 1.34940.011 0.224 2.362
8 0.049+0.011 0.03+0.001 0.205+0.007 0.042+0.001 0.007 +0.000 0.090=+0.007 0.344+0.001 0.060 0.768
9 0.095+0.0010.011+0.001 KA&IH 0.609+0.001 0.012+0.000 0.500+0.0040.279+0.011 0.401 1.506
10 0.3374+0.0110.115+£0.016 ARE&WH  REWH  AKkE 001540001 Kbl 0.176 0.467
11 0.118+0.001 0.0440.003 0.009+0.0010.106 +0.003 0.1020.001 0.521=-0.0090.024+0.006 0.248 0.921
12 0.258+0.106 0.190+0.0050.007+0.001 ARAMH  0.0014+0.000 AW ARAHH 0.258 0.456
13 0.07540.0110.063+£0.000 AWMt  REEWH  KelE REWE REH 0.075 0.138
14 0.388+:0.001 0.2204-0.0110.01240.0030.0524-0.001 0.01340.004 0.407 +0.017 0.338 +0.009 0.282 1.429
15 0.17140.001 0.085-0.0090.024 +0.0050.077 £0.001 0.020=-0.000 0.944+0.0131.224+0.007 0.397 2.545
16 0.157+0.001 0.078-0.0040.013+0.0000.070+0.001 0.045-+0.001 1.003+0.017 1.095+0.007 0.410 2.461
17 0.11+0.016 0.0470.0390.025-+0.0010.033+0.016 0.0242-0.005 1.0774-0.001 1.1664-0.001 0.407 2.482
18 0.164+0.003 0.066 +0.005 0.063+0.0000.040+0.003 0.013+0.000 1.025+0.0011.280+0.007 0.410 2.651
19 0.1284-0.005 0.056 =0.005 0.008 +0.007 0.0490.004 0.008=0.003 1.0274-0.001 1.456 +-0.011 0.401 2.732
20 0.1920.000 0.0314-0.004 0.0564-0.011 0.1004-0.001 0.0024-0.005 1.067 £0.006 1.077 £0.001 0.453 2.525
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Table 5 Analysis of variance of NPK fertilizer and saponins

T — — — F _ _ _
FREnVI TRERVI GReRH  SReRl  GASReh  TReRl TRORV
X1 94,973 2™ 40.968 9™ 3.6798 0.8771 0.0386 1.087 6 3.486 3
X2 55.572 2** 37.279 2™ 42231 0.3194 0.2630 0.693 8 3.556 7
X3 140.844 6™ 34.854 7 0.154 6 0.5532 0.5791 28776 3.606 7
X12 11.273 8" 0.004 4 0.027 9 5432 1" 0.222 2 7.292 3" 25.763 0™
X22 3.6426 8.543 8" 0.1156 0.000 1 2.3370 7.2185" 33.258 0~
X32 17.304 1™ 19.1735" 0.088 0 0.0680 0.2020 8.684 1" 24.165 0™
X1X2 0.785 2 5.981 0" 7.918 2* 0.0375 0.1738 0.058 4 5.532 6"
X1X3 1.607 5 12.365 5™ 0.168 2 0.1406 1.450 3 0.1801 1.6338
XoX3 2.544 2 0.9400 0.2289 0.0017 0.4511 0.1275 1.206 1

Xi-& Xo-flf Xe-Bf  T'P<<0.01; "P<<0.05
Xi-N  Xo-P X3-K  ™P<0.01; "P<<0.05
Y1=0.153 53+0.068 39 X1+0.052 31 X>+0.083 28 X3+
0.022 94 X12+0.013 04 X224-0.028 42 X32+4-0.008 12 X1X2-+
0.011 62 X1X3+0.014 62 X2X3 D)
Y2=0.060 57+0.042 32 X1+0.040 37 X>+0.039 03 X3+
0.000 43 X124-0.018 81 X22+0.028 18 X32+40.021 12 X1 X2+
0.030 37 X1X3+0.008 37 X2X3 (2)
Y3=0.029 38—0.032 22 X1—0.034 51 X>-+0.006 60 X3+
0.002 73 X12-+0.005 56 X22+40.004 85 X32+4-0.061 75 X1X2—
0.009 00 X1X3—0.010 50 X2X3 (3
Y4=0.061 10—0.036 55X1—0.022 06 X2+0.029 03 X3+
0.088 56 X12—0.000 36 X22—0.009 91 X324-0.009 87 X1X2—
0.019 12 X1X3—0.002 12 X2X3 4)
Y5=0.018 56—0.001 62 X1—0.004 24 X>+0.006 29 Xz—
0.003 79 X12+0.012 30 X22—0.003 61 X32—0.004 50 X1X2—
0.013 00 X1X3+0.007 25 X2X3 (5
Y6=1.014 38+0.082 99 X1—0.066 28 X>+0.134 99 X3—
0.209 19 X12—0.208 12 X22—0.228 28 X32—0.025 12 X1X2—
0.044 12 X1X3+0.037 12 X2X3 (6)
Y7=1.208 73—0.125 08 X1—0.126 34 X>+0.127 22 X3—
0.331 00 X12—0.376 08 X22—0.320 57 X32+40.205 87 X1X2—
0.111 87 X1X3—0.096 12 X2X3 (7D
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HAbEHEATN. 4 %, 1 0=0.05 BE/K TS
BrARETUR, f32IRE REAT5 e

Y1=0.153 53-0.068 39 X1+0.052 31 X+0.083 28 X3+
0.022 94 X124-0.028 42 X32 (8)

Y2=0.060 57-+0.042 32 X1-+0.040 37 Xo+0.039 03 X3+0.018 81
X2+0.028 18 X52+0.021 12 X1X2+0.030 37 XiXs  (9)
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#=6 BREZRTEE
Table 6 Single factor contribution rate
B TR /%
HERT VI BEEEE VI HEETH BEHREF THEB DT HEEH HEZTV
2l 2.0897 1.8516 0.728 2 0.8159 0.1552 0.9434 2.2779
T 2.0110 22725 1.2001 0 05721 0.8615 2.1838
i 24275 23787 0 0 0.155 2 1.5373 1.9608
233 RN A FEYEAEE, Kk, A 0.257 -
JE 2 AMEEEEE 0 K, AR HREREAIES -
(1) R EE R VI 7 -
Y1=0.153 534-0.068 39 X1+0.022 94 X;2 (10
[ E AT EEAL . HRAES EAE R VI Z [ 5
Wi 7 A48 <
Y1=0.153 53+0.052 31 X2 (11) - - : r 3
Y1=0.153 53+4-0.083 28 X3-+0.028 42 X3? (12 KT

[ L5, (20 J7 FEsEAT P AL B AT 45 H

B PR FR AR AT VI RIS T R
Y2=0.06 057+0.042 32 X1 (13)
Y2=0.060 57+0.040 37 X2+0.018 81Xz2 (14)
Y2=0.060 57-+0.039 03 X3+0.028 18Xa2 (15)
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Fig. 2 Polyphyllin VII single factor analysis
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Fig. 3 Polyphyllin VI single factor analysis
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HERE VIR AW (16). (17),

Y2=0.060 574-0.042 32 X1+0.040 37 X2+0.018 81 X2+
0.021 12 X1X2 (16)

Y2=0.060 57-+0.042 32 X1+0.039 03 X34-0.028 18 X5+
0.030 37 X1X3 an

FH & 4 FIE] 5 v] LB AR EE AU B
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HAEX A ZOIEAVER AR EAERONAE 1 K
1.681 8 /KF it AEA FI T EHE BT VI IS
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Fig. 4 XiXz interaction effect on content changes
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Fig. 5 XiXs interaction effect on content changes FEA R T-Er—R A B R VI S B 1R .

x7T BEERNSEERMNEES
Table 7 Optimum NPK application for high contents of saponins
PN P — 95% & {5 [X [H] . A HEESE B/ (kg-hm-2)
i il A i il

EHEF VI 0.10 -0.020~0.463 —0.001~0.477 0.040~0510 487.63~629.39 2521.20~3238.20 455.79~580.22
HEEH VI 0.09 0.078~0.613 0.166~0.751 0.062~0.677 516.39~673.42 2771.70~3649.20 461.61~624.44
EREHH 0.04 -0.429~0.429 —0.429~0.429 —0.384~0.384 367.59~619.41 1879.20~3166.20 343.54~546.86
EREEIN 0.11 -0.271~0.271 —0.243~0.243 —0.243~0.243 413.96~573.04 2158.20~2887.20 380.87~509.53
AMEF B 0.01 —0.217~0.217 -0.217~0.217 —0.217~0.217 429.81~557.19 2197.20~2848.20 387.75~502.65
HERE 0.57 -0.326~0.326 —0.326~0.326 —0.326~0.326 397.82~589.18 2033.70~3011.70 358.89~531.51
ERETV 051 -0.326~0.326 —0.326~0.326 —0.365~0.365 397.82~589.18 2033.70~3011.70 348.57~541.83
HEIEFE VI L | 0.60 —0.217~0.217 -0.217~0.217 —0.217~0.217 429.81~557.19 2197.20~2848.20 387.75~502.65
A4y *x 0.078~0.217 0.166~0.217 0.062~0.217 516.39~557.19 2771.70~2848.20 461.61~502.65

HERET VI EREE VI CREE. B W
) TE Tt P AR G 1k 4 8 B KT, i IR
555.15~713.10 kg/hm?, L 2 542.20~3 376.20

kg/hm2, £ 523.05~660.90 kg/hm? I}, ERE T
VI KT 0.20 %; 4 FH &L 516.45~673.50
kg/hm? . i B 2771.85 ~ 3649.20 kg/hm? . 47 At
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461.55~624.45 kg/hm? i}, BEHEEF VI FEKAKT

0.09%. ZEAEMAEET V. IV IL I A1 | S&Es

EHEL B HIRECEAH SR ENIRE, BUCER

AR B PR YE Dy &I 516.39~557.19

kg/hm2, WA 2 771.70~2 848.20 kg/hm? 14 AE

461.61~502.65 kg/hm?,

AT FT 25 AT H 7 B bt — A e B
IR A ER A, O SEBRAE S R B
—RAER I, RS L — e AR IR A LR
YRt —E 2%, A-tM—H e % A e
(R — PR S LB AKHE . JF HAdWAE — & 2% A
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