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Yield and medicinal ingredients of G. macrophylla Pall.
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Abstract: To determine the optimal fertilization plan for G. macrophylla Pall. ( Qinjiao) cultivation and the
effects of various concentrations of N, P and K on the production of gentiopicrosideandloganinic acid in G. macro-
phylla Pall., a field experiment was conducted in the Baoji area. With a three-factor and quadratic saturation D-op-
timal design, the experiment was conducted to build a mathematical model with N, P and K fertilizer concentrations
as independent variables and the yield of G. macrophylla Pall., along with the contents of gentiopicroside and logan-
inic acidas dependent variables. The model was developed to enable the optimal fertilization pattern to be deter-
mined. Analysis promoted an increase in production and accumulation of gentiopicroside and loganinic acid. Ac-
cording to the single factor effect analysis on N, P and K, the application of N and P with appropriate amount can
increase the yield and the contents of gentiopicroside and loganinic acid, but it will be inhibited when the amount is
too high. The effect is the same as K, but the application of K is not conducive to the accumulation of gentiopicro-
side. The effects of N, P and K on the yield and gentiopicroside and loganinic acid contents were ranked as follows ;
P>N>K. The frequency analysis method for optimizing each function indicated that the required fertilization pattern
for a yield of >2 100.0 kg + hm ™, the contents of gentiopicroside of >7.5% and the contents of loganinic acid of >
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2.0% was 147.2~185.1 kg + hmof N, 92.6~98.9 kg - hm™ of P(P,0,) and 95.8~134.2 kg - hm™ of K (K,0).

To ensure the greatest licorice yield and highest contents of gentiopicroside and loganinic acid, the optimal ratio of

N, P,0, and K,0 was 1 : 1.49~2.00 : 1.10~1.93.

Keywords: G. macrophylla Pall. ;yield ; gentiopicroside ; loganinic acid ;optimal fertilization model
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Table 1  Soil agrochemical traits
N . e i
R W%&ﬁ ﬁ{iﬁﬁ L)fﬁl%q] AL i
Available Available Available Organic
Depth of pH
L N P K matter
soil/em _ _ _ -
/(mg - kg™) /(mg - kg™) /(mg - kg™) /(g kg™")
0~20 8.02 10.78 28.96 117.54 27
20~40  7.96 8.79 23.74 96.81 20.46

x2 EAMREITHR
Table 2 Fertilization design scheme of G. macrophylla Pall.

) X,(P,05) X,(K,0)
wn o NE AR
Treatment i Fertilization  Zifih  Fertilization  #ifd  Fertilization

Code amount Code amount Code amount
/ (kg - hm™) /(kg - hm™) /(kg - hm™)
CK -1 0.00 -1 0.00 -1 0.00
N3 1 224.94 -1 0.00 -1 0.00
P3 -1 0.00 1 150.00 -1 0.00
K3 -1 0.00 -1 0.00 1 224.94
P2K2 -1 0.00 0.1925 89.44 0.1925 13412
N2K2  0.1925  134.12 -1 0.00 01925  134.12
N2P2 01925 134.12 0.1925 89.44 -1 0.00
NIP3K3 -0.2912  79.72 1 150.00 1 224.94
N3P1K3 1 22494  -0.2912 53.16 1 224.94
N3P3K1 1 224.94 1 15000 -0.2912 79.72
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Table 3 The effects of N, P and K fertilizationon the yield
and quality indicators of G. macrophylla Pall.

Lt P Yield JeRA 1/ % AT %
Treatment  /(kg - hm™) Gentiopicroside Loganic acid
CK 1782.48+137.61e 5.94+0.05¢ 1.61+0.01f
N3 1942.18+142.21cde  6.48+0.07ef 1.70+0.02ef
P3 1936.46+£96.51cde  6.74+0.12de 1.81+0.13d
K3 1773.61+£51.98e 6.41+0.06f 1.71+0.08e
P2K2 1997.37£121.67bed  6.85+0.10d 1.99+0.03ab
N2K2 1845.54+45.11de 6.51+0.09ef 1.87+0.03cd
N2P2 2214.64+85.19a 7.69+0.44b 1.95+0.11abc

N1P3K3  2047.66+145.59abc  7.36+0.03¢ 1.89£0.02bcd
N3P1K3 2179.53+274.72ab  7.18+0.06¢ 1.97+0.01abe
N3P3K1 2025.58+45.34abed 8.16x0.11a 2.04+0.03a
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Fig.1 Single factor analysis of N, P and K fertilizationon the yield( A), gentiopicroside content(B) and

loganinic acid content ( C)of G. macrophylla Pall.
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Fig.2 Two-factor interaction analysis of N, P and K on the yield( A,B,C), gentiopicroside content(D,E,F)

and loganinic acid content( G,H,1) of G. macrophylla Pall.
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Table 4 Frequency distribution of factor values when the yield output of G. macrophylla Pall.exceeds 2 100.0 kg « hm

-2

A5 LT H Tk Factor level TACE- 1A PR 95% H- {5 X [f] it A
A2 . . - % confidence  Fertilization .
Variable factor Weighted average  Standard 95% confidence Fertilization amoun
o -1 -0.2912 0.1925 1 value deviation interval /(kg - hm™)
WAL Count 0 4 5 9
0.489 0.554 0.213~0.764 136.4~198.4
ST Frequency 0 0.222 0.278 0.500
WHL Count 0 6 11 1
" 0.076 0.326 -0.086~0.318 68.6~98.9
SEL Frequency 0 0.333 0.611 0.056
YL Count 5 4 3 6
- 0.023 0.820 -0.385~0.431 69.2~160.9
WL Frequency  0.278 0222 0.167 0.333
RS REEHSEBE 7.5%MNERBERESH
Table 5 Frequency distribution of factor values when the gentiopicroside content exceeds 7.5%
i =N EI%?J(SF‘ Factor level jju*XEF‘i/}]{a */]T\‘Y/ﬁri 95%%'{%‘ Ix |‘|'ﬂ EEHE%
AT . . g
Variable fact Weighted average  Standard 95% confidence Fertilization amount/
anabie factor -1 -0.2912 0.1925 1 value deviation interval (kg - hm™?)
WHL Count 0 1 8 8
1 " 0.544 0.458 0.309~0.779 147.2~200.1
SEL Frequency 0 0.058 0.471 0.471
WL Count 0 1 7 9
. 0.592 0.461 0.235~0.828 92.6~137.1
BIEL Frequency 0 0.058 0.412 0.530
WHL Count 5 4 4 4
3 " -0.082 0.765 -0.476~0.311 58.9~147.5
YL Frequency  0.295 0.235 0.235 0.235
*x6 DEFREEEN 2.02MHERBES
Table 6  Value distribution of factors when the loganinic acid content exceeds 2.0%
AR FIF7KF- Factor level TR 1 PRifEZE 95% Ef= X IF] Fi AT ik
AR Y . : . e
Variable fact Weighted average  Standard 95% confidence Fertilization amount
ariable factor -1 -0.2912 0.1925 value deviation interval /(kg + hm™)
UL Count 0 5 6 7
1 . 0.372 0.551 0.098 ~0.646 134.5~185.1
SIEL Frequency 0 0.278 0.333 0.389
WAL Count 0 6 7 5
X, " o 0.256 0.520 -0.003~0.514 74.8~113.6
SEL Frequency 0 0.333 0.389 0.278
UL Count 0 8 9 1
X3 . }\ﬁ o 0.022 0.343 -0.148~0.193 95.8~134.2
SIEL Frequency 0. 0.444 0.500 0.056
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SR R P BRI N R SRR T ( DMAPP ) i i MVA
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B 5 it P P25 0 OIS SR B ARG 32 7 1 R i )
SRS 2090 A < B> B0 > W AR 25 O BF O &
PRACRE XT3 2 77 d S S T 5 e R 3 4 i) Ry < 2
SEISTE B> ESH ;T 205 X EORE g R
TR O 77 it S 22 M 7 £ 52 W) 5 55 43 0l O < >
PSS S AW, EARTEIT A B B0 3 Fhoc R
XFZE T 5 S 5T | SR T B 7 5 19 52 T /)N
PIRIK B> A S8, ST NG R A PR, 7] BE
SRR 8 SR R 22 5 DL R R B IX AR
TEOA A RS

ARG R R, AR B 2 gL e
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FEE A FEPY G L R A
B 362 B0 sE o B ) B 25 50 40 e A
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{14 B DR 2R A8 0L 0 B 2 T AL IS % 2 O 7 o B L
AR BRI 52 R T EIE 3 R AL B LR IE
Jiti FH % 28 J0 7 e A DL S g I IR B
RHVER . A5 R IA B L E R LA KR
ARSI R R B s BAE T, 6P Y
XLPR 24 4 B 2 B v AT 8 18 it P 2 0L B
AP WA AT it 1 82 | v 7K S0 I it P 2 L, ok
ZEJUr R R G I B 28 T AR SRR oKk Tl B
NE it BT, 8l S0 28 J0 7 o 1 3 R B R A2
HIER . A B R IR i A R B A B i
VERT s 8 B AL it P 0 2 AR P 58 o 5 B TR 179 R
FHA T AR, i 2 8 v i I 3R B R 22 6
M, 2 s BT & BRAE 28 JURN AR I B
Jiti FHAE e B BRI IR ZR R A BRI i DA K
TR i 3 B R AR (H IR R AT IR
ABFSE, R @i < 34147 356 07 05T T M
2R JU it A A e N, AR B A N
P,0, . K,0 Hf 1 0.33~0.85 : 0.50~1.60, &4
PTG T AR KL RO IR B AR A5 3 i IE X
ZTUFEHE NS TS 45 R A KB 2 000 kg
- 667m*, I BEFRES 20 kg - 667m ™, HAKJK 100 kg
- 667m AE A AL I Z8 07 5 0 PR AT, AN IR
MR IR 2 100.0 kg - hm ™ JBIHEFE &
L 7.5% SRR IR O i A 2.0% I ATt X
[ % (N)147.2~185.1 kg - hm™ #§(P,0,)92.6~
98.9 kg - hm™ 1 (K,0)95.8~134.2 kg - hm™ N,
P,0, K,0 M ERCHE L 1 2 1.49~2.00 = 1.10
~1.93, EH M EIE A KIERE BRSME AES
IREE ) bk, 38 2ok R A A 7 3 R T 7 ) 24 6 e A
b X IE 7= 4 ) 2 1 SO A, 9 sk g Rk
- B PRI Z T 2 b4 Y 7 i A B M AR K, BRI
A0 38 3 T U0 B 1Y fe AR IE O 2 A 5L B v
b AR TP AR 2 Ml [ SR IR SR AR A T AR N T A

4zt B

1) 2085 B 3 FhoC 2%t 22 907 & DA e
AR IR & i IS I R IR - B> A >4

2) & FL R RIE B AL it ] AT ARG 28 007 i
DA K e JIEL 6 R D ke IR 5 i, Tt P ok v D 5
PR AR H 5 BT X 5 B R 1) B2 e AL BT
ART] AEAR A A AN R 2 0 IR A R R

3) TER P I AR 258 T 26 U7
it 2 100.0 kg - hm™ JRIRFAT & g 7.5% 4k
TR o Bk 2.0% I A9 it AL DX TR] O & (N) 147.2 ~
185.1 kg - hm™ #§(P,0,)92.6~98.9 kg - hm™ #f

(K,0)95.82~134.2 kg - hm™>,N . P,0, K,0 #yHfE
Fbfil A 12 1.49~2.00 = 1.10~1.93,
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