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Abstract: To screened out the best application ratio, which provides scientific basis for the standardized
cultivation of Scrophularia ningpoensis with high yield and good quality in Chongqing area, the “3414”
fertilization scheme was adopted to explore the effects of different NPK combinations on the hydrothermal
extract, the total amount of harpagide and harpagoside of Scrophularia ningpoensis. The results show
that there were significant differences in total of hydrothermal extracts, harpagide and harpagoside, among
different fertilization treatments, and the highest contents were found in N, P,K,. The effects of NPK fer-
tilizer on the total amount of hydrothermal extract and harpagide and harpagoside were P>K>N, N>P>
K, respectively. NPK pairwise interaction showed negative interaction with hydrothermal extract, N and K

showed negative interaction with total amount, and the rest showed positive interaction. The order of aver-
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age membership function value from high to low was N, P, K, =N,P, K, >N,P, K, >N,P,K, >N,P, K, >
N, P, K; >N, P, K, >N, P;K,=N,P, K, >N, P, K, =N, P, K, >N;P,K, >N,P,K, =N, P,K;. In the scope of
this study, the comprehensive effect of N, P, K, ,N,P, K, ,which medium and low ratio on the index compo-
nents of Scrophularia ning poensis was the best among the 14 different treatments.
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1 #MRERE
1.1 RIe H iR R

PR F BT R N DR A X S R Al e R A7, 4K 945 m, bl Ry B L, B P, A
S, EK, S aE, SRR B E . A LT 2.07% . pH 1 6.91. MR 102. 54 mg/kg. £ 5
21.06 mg/kg, BWRLAN 101. 40 mg/kg.
1.2 #M5REHFE

Rt TIPSR, R 34147 e Tr 28, WA . . # 3 AR, BHEK 4 HKF, 3
14 AP, RRAPE 3 R, BEVLIX ALHES. X535 5 58 B A Wl B0 it AE i L% 1.

F1 XS&E. B, HE“3M4147K & T

% 7 JERHH A7 IR& /g i WSS /g GIRH /g
T1 N, Py K, 0 0 0
T2 N, P, K, 0 200 64
T3 N, P, K, 32 200 64
T4 N, P K., 64 0 64
T5 N. P, K, 64 100 64
T6 N. P, K. 64 200 64
T7 N, P; K, 64 300 64
T8 N, P, K, 64 200 0
T9 N.P.K, 64 200 32
T10 N, P,K; 64 200 96
T11 N; P, K., 96 200 64
T12 N, P K. 32 100 64
T13 N, P K, 32 200 32
T14 N, P, K, 64 100 32
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JIE RN e B o R R MIRE . BA TR I N g =46. 2265 BEIE N BERR S . A %0 (P, O5) i
HME Nop,o, =12, 0% 5 FUIENEIRH , K. O B /048 N,0=52. 0%. H/NXIEEHER 1 RILIRGE. A
R i it A P 49 23 P8 i >R FH 83t 149 0795 23 5 1 5 i A L B 30 e BB AE T A

PER e I BUBIE R XS T E Rl S E KT 25 Y M OF T XA W WE 5T L WK S
Scrophularia ning poensis Hemsl, /NX 9 m*, $ERITHE 40 cm X 40 cm 2 7CGEFN, 87U 1 ST 2E. /DX
6] T HE 7K 4, 38 T4 2L ] R I
1.3 MERREFZE

2 I E S R EZE8) 2020 4F 4 S N 2201 TR AU HGRE s XS R I E DA BV S e AR
ST, E LS IR 0512 W0 A9 S0 (1% 32
1.4 HELE

iz H Excel 2007 Jp 23 Bk Bl e 47 4L BT B . BT SPSS 26. 0 Geit i 47 07 2207« 2 8 LB %
S Jm R ET 5.

UX) =X, — X))/ X e — X i) oy

J S J pR A 3K

UX)=1— (X, — X))/ X — X i) (2)

A, UKD ARIE KB, X, A ZSHEANEREAR s X s X o 7801 0Z IR0 B R A AN B/ MEL A
B — P8R 5 HEAC S GO G TSR B SR JE pR g, R (2) 1AL SR R AE L0, 1], B R AR AR SR
J& BB AT -1, 45 3 25 51 R R B

JE A5 52 7 ) B R Rk 2 s, B

y=b, +bx,+byx,+bsxs +bxix,+bsxy05 Fbsxixs+0,20," +bsx,” +byxs’

A, wxsswy M9 NLPOK B R, 6,G =1, 2, =, O NEIHRE, v AZXSKIRREY . 15

L ey LA o

2 ERE55MH

2.1 AEEMAERILLEXNZSREN N
ARG A AL P X S BRI Y T 60,000, MR S ERE RS ST 0.45%, Wi ECHE2Z
HOFEARZOR. KB b5 W B 8O T7 25 0 A A 2R WL 2.0 )N 2 Pl i, e R L e L ACH o A O BT
2 T AT AL B E] A9 22 52 TR S8 TF 2 0 30, T A B SR BGR IR ar ik B Gt os X
R2 EHMAREFHEENZXSERESRES BN Mm

P KB LY/ % mEH/ % O/ % W AT S B AT S %
T1 74.2044. 64ab 0.87=£0.09a 0.09740.01a 0. 9640. 08abc
T2 74.2543. 41ab 0.9740. 18a 0.0940.03a 1. 06£0. 15ab
T3 73.9642. 18ab 0.7840. 06a 0.10£0. 04a 0.88+0.03c
T4 73.7642.00ab 0.89+0. 14a 0.114£0. 04a 1. 0040. 21abc
T5 74.4843.03ab 0.92+0.08a 0.13+0.06a 1. 0540. 10abc
T6 72.55+2. 31ab 0.8440. 10a 0.0940.02a 0.93740. 10bc
T7 70.47+7.17b 0.87+0.17a 0.13+0.05a 1.0040. 11abc
T8 72.5944. 39ab 0. 8640.08a 0.1140. 04a 0. 9740. 13abc
T9 75.09+3. 50a 0.96+0. 13a 0.1540. 05a 1. 114£0. 06a
T10 73.9842. 16ab 0.8340.07a 0.13%£0.02a 0.96+0. 08abc
T11 73.5242.82ab 0.85+0. 04a 0.08+0.01a 0. 9340. 09abc
T12 73.0345. 64ab 0.80+£0.13a 0.124+0.03a 0.92+0. 06bc
T13 72.2341.19ab 0.83%40.13a 0.1140.05a 0. 94=40. 09abc
T14 74.7342.03a 0.94+0.12a 0.16+0.06a 1.1040. 06a

T NG TR SRR Ak B ) 22 A e it L (p<<0. 05).
K ARG L W T RCLL T B, T7 Jefik, T9, T14 5 T7 ZIH 2 574 it & L (p<<0. 05), HAk
HRE] 28 S G R . W BRI RL T2 fr . T3 fefifs My EACH R 0 40UL T14 e, T11 &R,
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MO S R B L TY . T3 &Mk, T9.T14 5 T3,T6,T12 Z MR AL H¥E X (p<
0.05), T3 5 T2,T9,T14 Z a2 5H G it L (p<<0.05), HALIN 2R LG22 L.
2.2 XS N,P KB RMEAENEL
2.2.1 H/HERSRE;HERGE L
HRAE R 45 R, SRAFAEE PR I B X 209 N, PL KB &% 0 J5 #2430 R
Yy =76.1144+0.178 2, +3.859 2, — 0. 291 x5 — 1. 239 x 2, +0.798 x,a; +

0.371 2,25 —0.073 23 —2.098 x5 —0.478 2%, R* =0. 904 (D
yu =0.870+0.096 xy +0.003 x», —0.003 x3 —0.035 212, +0.071 225 —0.149 x5 +
0.075 2§ —0.020 x,* +0.023 x4, R?* =0. 823 2

FESMESERE R, (D) P F=4.193>F,; =0.090; &(2) H1 F =2.065 > F, s =0. 253, BHILL B
RO RS PR AR, RIET X SRR Y IR . WA E S BRI SR S A B B3
FHMELR, MZSHEIEERA —ENHE 38 X, B ERN RS E N.P.K BXZ S KR HY .
ey L A AR B R B R B R BN P> K > N, N> P > K.
2.2.2 XA EZEHTIHEERSRE G Y "

YEFHALFE T2, T3, T6,T11 sRIGTE P, K, g Efli iy AU 25007 J5 Fe Hy

yu =76.149 +0.479 2, —0.785 %, R* =0. 945 (3)

yu =1.186—0.414 x, +0.119 2}, R* =0. 996 (4)
YEFIALBE T4, T5.T6.T7 RAFAE N, K, A Al 5 8 0RO 5 72 8

vy =75.371 4+3.956 2, —2.500 x5, R? =0. 952 (5)

yu =0.935+0.148 2, — 0. 048 25, R* =0.775 (6)
VEH AL T6, T8, T9,T10 KAFHE N, P, by Hefls () £ AL AL 0 5 7 Ky

vy =70.3694+5.194 2, —1.518 27, R* =0. 998 (7)

yu =1.146 —0.164 x, +0.026 2%, R* =0. 651 (8)

R (3), (5) . () ATLAFE 1, N, P K XS X S K 0 ) T it 73 K00 52 it 2002 — 4598 1 1) T Ay 4l
Wk, UUIFE—EE N, BE NP K i, XSk 0GR W) 0T 3 508, (R i 0 25
R RS HUL, oL AR X Sk R ) 5 S E0OR 0 i AT R o

AR (1), (6), (&) ATLAFE . N, KX X S0 U 5 08 DA T B 52 ) 2 0300 5 7 — 2 dE [Py .
BE P ACHE A A0, X SeE AT S e CAR G S, Al i POAE . 4 R R
2.2.3 WWREHEHH

PERIALBE T2 — T7,T11,T12 RIS K, AR . BEAERLN 7 72 R

vy =65.288+5.942 x, +10.476 x5, — 3. 308 x,x, — 0. 446 27 — 2. 472 x5, R? =0. 963 (9
yu =1.231—0.384 2, —0.037 2, +0.017 x12, +0.099 x} +0.004 %, R* =0. 880 (10)
VEF AL PR T4 — T10,T14 sRAFTE Ny b FEml 09 85 . B0 I8 8500 J5 72 8
Yy =65.822+7.800 x, +6.870 x5 — 1. 587 x,x5 —2.697 25 — 1. 077 x4, R* =0.978  (11)
yu =1.389—0.077 x, —0.311 x5 +0.084 x,x5 —0.024 25+ 0.019 z2, R* =0. 766 (12)
PEF AL B T2, T3,T6, T8 — T11,T13 KIF7E P, AEEAL A A . H LR 7 2 R
v =63.151 4+ 5.448 x, +9.052 x5 —2.313 x,;x; —0.886 2% —1.291 x5, R* =0.958 (13)
vy =0.975—0.089 x, +0.024 x5 —0.112 2,25 +0.089 2} +0.036 x5, R* =0.776 (14

RIE (), A, A ALLEH, N,PEH, P.KH , N, K& HAER R RE N GE, 350 7E AR5
AT NLPL K EH P A B XX Sk G2 1 Y R B 550 m s 5AE . 4= (10) . (12) . (14) AT, N,
PAH, P,K & B XM B 50 RS SRR IEZ EAEM, NCK S ERINHEEHUN 738 BAEH.
2.3 RERHESH

XX S 45 8RB I i A RO A TSR R AT, P RLZR S R AN E R IC L& R B X S .

R 3 HH, ARG . XS A48 bR S SRR R A A B R BMRIR O T9=T14>T5>T2>T4>
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T10>T1>T7=T8>T12=TI13>T11>T6="T3. ANjifi WAL BE T1 HE7E A (8147 & . U W 2820 B 5 Lo i) %
LR R R R, RS W A TR R RN . 0 B AY U I O IR X X S R R AR A e R AL AR
I = o B HE 370 S i A i A Ak BHOR R L ZRUAE H A it AT K S TS BE AR/ R S B L IR ER AR X S 48 A o B
EHABWAER. HIEMIEZ T LL TON,P,K, ), T14(N, P, K, ) 5 £

3 ABMERFEENZSERESRESHURETHHN

ETRe IKIE ) W B A AR WS AR R FIEHE
T1 0. 81 0. 48 0.10 0. 34 0.43
T2 0. 82 1. 00 0.16 0. 80 0.69
T3 0.76 0. 00 0.27 0. 00 0. 26
T4 0.71 0. 57 0. 35 0. 50 0. 54
T5 0. 87 0.76 0.57 0.73 0.73
T6 0. 45 0. 31 0.09 0. 20 0. 26
T7 0. 00 0.51 0.56 0.53 0. 40
T8 0. 46 0.41 0. 35 0. 37 0. 40
T9 1. 00 0.97 0. 82 1. 00 0. 95
T10 0.76 0. 26 0.61 0.33 0.49
T11 0. 66 0. 38 0. 00 0.22 0.31
T12 0.55 0.12 0. 44 0.15 0.32
T13 0. 38 0. 25 0. 39 0. 25 0. 32
T14 0.92 0. 88 1. 00 0.99 0. 95
3 itig

HEREE PR BEAE 9 7= 5 5 B T B R R A I AR 2 T 25 B4 BV AR 3 v ) TR A S it AL E
P AR LT . RS 2GR 5, ANBERE 2968 A BT, X b 2 b oA O R R b S BRI A LR 4P 4 B T
BRI BRI, R U B O RE S R RRR . AT @ B AE S 25 BE Y 7 i R 24 A
AR Y A5 R AR WY SRR I X 2 AR ) B i RO BUR B — e MRS, 5 At v 24 4 i Y SCRR AR
UG RN, G A BT 3 PR A AT R H e e B, R IR XS XS4 b S B R B R [
SR X 7RG RS2 R R BN P>KE> N Bl N P KOIE i 22 38 0 225 BT E B e g
I HLPT PSS B AR B S PO/ . Tk ey B A B A B R B e e R BN O N>P>K, il i PR AA
PEAERT, PIPZZE N AL PP AN K RSO FEAE AT N A K SRBUOS RS TOERL. s 8 1 iR AT LX) X 2
i 5 M ) PR T A6 TSR Ml L 3 A XS R R T T i A L 191

SZAaARRBI R R, ARNIEEE LT, NP, K N, P K, PRSFERC I Z Sk PR Y. e
0 AR Y SR . RITZ SRR D 2 A . X SIS XS R iR A R, X
ZxF NLK BT 52 0482, BE —H i AT s a8 n, 22w Rk DA (RS IC 77 IE o s AR e o
FAWTERY . e R FIE A FE R R BRI X XS A B A PR ORI S R AR T A R A
TEZE S XTI RESE N . DX S o i 5 R 0 il b 2 TR J Y Ml U 4% PR 2 A G .  BOAN ) 3t X9 B 52 4
AT s @G HEACA | BL L HERHRN 2 Rt HE 77 304 5%, A58 Dy Pat e it A A% 58 1 % 0 it 19 07 =X, PR IE T
A2/ DX 3 1 HERHE L 45t s ©ONL P KA [ TR A 280 H) A 42 32 0 858 25 AR B 52 IR AR K, i = AT I 4R
DU MR AT AE BN SC. B0 A [R] X R B AL R A R AR LS X S E AL AT KM E AR, R
W ECY M AR A AR AT AT L | A L EAC R S E AL 75X KSR ROl B oy, A E R R
THEFRIPIE TS NP KB Z B 6 R 2% A fr it — P IRA RS

4 #ig

WA, DL T 4

ONLP.K X Z S br i B4 AR R AR R AE R, KGR B R B 0 BT 3 B s
KBNS BRIy P>K>N, N>P>K.

QFE—EEE N, FE NP, K AL &R, 2 S K05 Y 5 o B0 i, F s a8 it 0 2 F R
L NLK EXTZ S0 A 5 0 B B B 5 ) 52 RO, 7E — S Y L PN B P IES il D A 9 e
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a8 it FH U]
ON,P,K HEW P BXF X 2K RIS i s 5A/ER . N PP ALK X g 2 5 i B
TR RN DM R W IE R BAER . N ALK R0 728 BAEH.
OFEARBEE AN, 14 FORFE NLPLK B H AL BT 2 238 45 B4 & B 2 m b, L NL P K
N, P K, A, AIRSERD B A 27 A RICR fe .
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