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Abstract: Objective The best combination of nitrogen, phosphorus and potassium and application amount of fertilizer were studied
to provide technical support and theoretical basis for rational fertilization in the production of Chuanmingshen violaceum. Methods
The effects of N, P and K application on yield and main effective components of C. violaceum were studied by Lo(3*) orthogonal
experiment design. Results Reasonable N, P, and K application could significantly increase the yield of C. violaceum, and was
beneficial to the accumulation of total polysaccharides and the content of imperatorin. Among them, the yield of 75.22 kg/hm” under
the combination of N,P,K, was the highest, the increase rate was 60.67%, the total polysaccharide content was 25.46%, and the content
of imperatorin was 0.489 mg/g. The yield of 44.82 kg/hm under the combination of N3;P,K, was the lowest, the total polysaccharide
content was 2.40%, and the content of imperatorin was 0.379 mg/g. The effects sequence of N, P, and K fertilizers on the yield of C.
violaceum were N > P > K. The nitrogen fertilizer had the most obvious effect on the yield of C. violaceum, followed by phosphate
fertilizer, and potassium fertilizer had the worst effect. Conclusion Under the conditions of this experiment, the best combination of
fertilization was N,P K, or N,P;K;. The optimum amount of fertilization of N, P,0s, and K,0 were 1.08, 0.73, and 0.83 kg/hm?,
respectively; or 1.08, 1.10, and 0.50 kg/hm?, respectively.
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NS A S Z, AR H S
JEHEY NS Chuanmingshen violaceum Sheh et
Shen FT MR, ARG FE . K. BEEIE,
FHEFINFRT. &%, BR, OR%m, 2
NP2 M 20, BA R 25 FAME AT AME
E AT R EAR K. B T3 7 R
T, A R TE A R A FEBE. e Tk
AR IE AR A, AT 2 R ) AR
UE. 7EATAH AR LA (NDL B (P) R4
(K>t 3 EERgmi K. Hil, AX N, P. K
I TSt Xof 245 AL 470 7= AR R 5 T ) F 9 3R P
ANTE 245 R % N Py K R lC AN ], e
R B K B — 7 5% G 2R i v S A A K
BHERW, HESEREHEIER LR, IEEF
F ARG, B R ) B 2 0T 0 200 T4 3%
RO g U Ak g T
X 1 BH 2 T BRI A A 70 R ARl e 25 7 T ) F
MBS A, )2 N, Py K B M L5t &
AL B R W TR AR IE . ik, AW
FH Lo(3Y Exikehikit, #F% N. P. K JER
[ FiE Eb S )1 B 202 R 32 B AT 2504 IS R, S
TERE N B 2 s = LR B EE AR 7 &, LA 31|
2“2z, R e, w7, et )i e
SRR R -

1 SEIGHhER

ARSI He A T D9 )1 48 BCER T T E VL IX S SR
RS FR (104°24'47"E. 30°44'20"N), T3k
601.0 m, J& LR I 2= RS, 3R
14.9~16.7 C, FTLFEM 273~279 d, VB
KEHN 925.4 mm, EFHHE 1239.1 he T3

HOARY A+, FE AT ESEARAE JRA (0~30 em):
pH {8 7.53, 4 K. & N. 4 P. YRR ESH
SN 36.77. 0.62. 0.10. 82.40 g/kg, L N.
BRP IR K B85 W08 141,400 51.27,
179.33 mg/kg.
2 HRIEEE

FE b B Y 1148 o 2= 2R} 2 B &7 D' B B 9 O
SE NSRRI @AY NS Chuanminshen
violaceum Sheh et Shen [FJFh 1. AL IERL N JE AR
#, B N=46.4%; P N EERES, 16 POs=
12%; K JENBIRE, 1 Ka0=50%.

Agilent 1200 = 8GRAH R4 (£ E Agilent 2
A]D; UV-1800 284MAT WMt fETt (HARBEA
A BT R (#8[E Sartorius BS110S Y75
gy 25 KQ2200 AU P et (Rl i A
PHTRAT]); DHG-9140 HLHGE X T-HAE, RKHTHH
FAES (PEEMAMEE R, #Y
110826-201214); D-Jo/K A XS (R E & 5
2K BT AR, S 110833-201205); 4L
PIRT 98%. L (faif4li, Tedia Company, Inc.);
FEE (ti4li, Tedia Company, Inc.); 7K NiE4ZEK;
HoAhARFII A b4l
3 BE
310 REMKRER

2015 4F 8 JIXf I B S M1 4T B 1, 2016 4F 6
HERFAEKERA—SW NS MHREIT B KA
Lo(3%) IEAZREG i, %3 BKZE (N. P AIK) 4 /K
S, WK 1. HA, 0 KF AR, 1 KFiEAE A
N 0.77 kg/hm*. P,05 0.73 kg/hm*. K,0 0.50 kg/hm’,
2 /K°F A N 1.08 kg/hm*. P,05 0.92 kg/hm*. K,0

F1 L(3Y EXRI&HHRIEIRFhE GRS

Table 1 Types and levels of different N, P, K combination treatments on C. violaceum

Jiti FH #/(kg-hm ™)

&t I &/ (kg-hm2)

I
it Aa N P (P,05) K (K,0) JRE RS B R
1 N,P K, 0.77 0.73 0.50 1.67 6.11 1.00
2 N,P,K, 0.77 0.92 0.83 1.67 7.64 1.67
3 N,P;K; 0.77 1.10 1.17 1.67 9.17 2.33
4 N,P K, 1.08 0.73 0.83 2.33 6.11 1.67
5 N,P,K; 1.08 0.92 1.17 2.33 7.64 2.33
6 N,P;K, 1.08 1.10 0.50 2.33 9.17 1.00
7 N3P K, 1.39 0.73 1.17 3.00 6.11 2.33
8 N;P.K, 1.39 0.92 0.50 3.00 7.64 1.00
9 N;P;3K, 1.39 1.10 0.83 3.00 9.17 1.67
10(CK)  NyP.K, 0.00 0.00 0.00 0.00 0.00 0.00
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0.83 kg/hm’, 3 KN N 1.39 kg/hm’. P,0s 1.10
kg/hm®, K,0 1.17 kg/hm®. HH 3 1k, /MXHE 20
m?, 4THEEE N 25 em X7 cm. FEARTVE: P RIME
RFERE, N. KBS 2 KN, FEAENE 60%, T
J& 60 d it 40%. M 2016 5 11 H 15 HHF4HZE 2017
4 H 15 HP=E, £ 30 d /X B —5
5k, MEME . St g ERK. EAR.
REE . ZEHEf BN S EETE, ICakkE
FrEmAE, PO EE T RS
32 KAMEZEEENE

S FHBFTIEP 710k, KRB IR- 2Ky )1
B2 2kt 208 & AT I E -
320 XTHGIEEHIS B 105 CHETZEE
R MTC K & HE 25 mg, RERE. B 25mL &
e, BRI, ©RZBZIE, B, i
F% 1 mg/mL FRVHI T BB A% 2, R0 R VAT
322 HERSIEBE SIS RS RRE B 2
FESREIR (60 H) 21 0.5 g, INZ&ME/KENRSZE 3
W, IR 90 min, A FF 3 KIRHGR, BE, JERIK
54 50 mL. BUKSER 5 mL I 30% =5 LR
W1 mL, IRGEEWEE, 4 CIHELRHR, o
20 min (4 000 r/min), FFEPHE, WEE LG, B
LiEW 1 mL F 50 mL &4, FHZEMAKRBEEZ
B, BPAS A VA
323 AMEXRREL SRR ERE 0.1, 0.3,
0.5, 1.0 1.5, 2.0, 2.5 mL Xf [l /H & W T 50 mL
REMT, ZWKEBEZZE, HEW2 mL T
10 mL R ZERE F, 0 1.5 mL 5%ZE k7], &
5, REEMN 6 mL IKEIR, IRMEJ5HE 5 min,
B KIS oA 20 min, 37 EIEE A VKK i A A
ZEE, UAMAHTE, 75 490 nm 3K LN
TEMRICE (A)o DL A B X % B v 5 3k AT [ 3,
318 )35 72 Y=29.844 3 X—0.090 7(»=0.999 4).
gE R RW, FEPELE 0.002~0.05 mg/mL 1N, H
JRERES A LR R R
324 MEEEEME 20 BRI TR A% R
“32.37 BUNERAFENE 4 8. WErEthZor
TRV SRR S KA Z R & 5
33 KEMARESENE

S 7Y, K HPLC vE4 1| &
ZIMRRETEH R S BT E
330 A% Ak N Zorbax Eclipse C g il
(250 mmX4.6 mm, 5 um); JRBNFNHEE-/K

(70 1 30); AFRVE | mL/min; il 248 nm;
KRR 30 °C; HFEE 10 uL (B 1.

A W 42
5 . R

0 2 4 6 8 10 12 14 16 18
t/min
E1 sR&E (A) S B) B HPLC &iEE
Fig.1 HPLC chromatograms of reference (A) and samples (B)

3.3.2 RSV RS AR IR AT E X
MRS B, PR AR RE M B & R AT B 2R 88.0
ng/mL [T B A
333 HHAMIERIHIS o0l RSB AREO 1 B 24
R (60 H) 291 g, INHEE 15 mL, FRERE,
R AR (ThER 250 W, A1 40 kHz) 30 min, 4,
FFRE i E, HFEANERRRIRE, B, BEE
WTALIENE (0.45 um) 3, BI7S.
334 VERRFEE 43R 2 I WCHT #H 20
FRRVATR 024 054 1. 3. 5. 8. 10, 12, 15, 20 L,
FENTRRH LR, F2 601 2% 4 DN 5 BR AT #H 28 0 T
L DU R SRR OO AR (X0, WETAR A AL
Fr CY)HEAT B VE 50 #r, 3 HE 5 #E 8 Y=3794.7
X+2.1122, r=0.9999, BXATHHZELE 0.017 6~1.760 pg
W2 RIFIZLITER R,
335 MEmEENE  BUSFE AL S5
W&, & “3.3.37 D7 s, [\
Br% “3.3.17 TR PR & aRe, RASMr— 5
EVE RS 2 AT 2R 5 & .
34 BUESH
FIF Excel 2007 #HATHHEFIALEE; R DPS
7.05 BAEXT AR AT ST 4T, SR LSD kA e 7
S EN.
4 FERESH
41 N, P, KEHEsIBASEERZ RN
F 2 WA, bR 8 7EAE KT I I B S bk
WRKAEBGRAIEIER, 11 AR &S 30 cm,
AEEE 2. AEER 9 FEAE KNI B Sk e KA
SEMEEERT, 2017 4E 3. 4 AR #R&EIA 65 cm
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Table 2 Effects of combined application of N, P, K on main agronomic characters of C. violaceum

- Pk Efem R AU R
2016-11 2016-12 2017-01  2017-02  2017-03 2017-04 2016-11 2016-12 2017-01 2017-02 2017-03 2017-04
1 249¢ 27.1¢ 302¢ 26.7 cd 47.0c 613¢ 12b I1b 13 ab 10a 9f 10e
2 266bc 32.7ab 279¢ 29.2bcd  68.6a 73.0a 22a 17 ab 17a 14a Ile 10e
3 263bc  259c¢ 27.8¢ 253d 422¢ 443 f 13b 20a 9b 12a 13d 13d
4 269bc 25.6¢ 333abc  29.1bcd 52.0bc 47.0e 11b 16 ab 15 ab 13a 18a 18a
5 255bc  29.0abc 31.4bc 29.0bed  42.8¢ 50.0d I5b 19 ab 15 ab 12a 13d 13d
6 26.1bc 32.7ab 3l.6bc 30.2 be 42.0¢c 39.7¢ 12b 13 ab 9b 12a 18a 17a
7 247c¢ 284bc  32.0bc 30.6abc  47.8¢ 44.0 f 10b 14 ab 16a 18a 14 cd 14 cd
8 326a 332a 39.0a 352a 483 ¢ 59.8¢ 10b 15ab 12 ab 12a 15be 15 be
9 302ab 289abc 37.1ab 31.9 ab 67.3ab  65.0b 13b I1b 14 ab 15a 16b 15 be
10 269bc  29.0abc 32.5bc 29.5bcd  50.8¢ 51.0d 13b 15ab 13 ab 13a 15be 15 be
- FiK/em FHH/mm
2016-11 2016-12  2017-01  2017-02  2017-03 2017-04  2016-11 2016-12 2017-01 2017-02 2017-03 2017-04
1 1474b 19.95a 22.75abc 2595ab 24.10a 24.60a 6.37ab  744ab 7.55¢ 9.75ab  9.45ab  10.56¢
2 1647ab 17.40a 2490a  2340bc 23.80a 2425ab 592bc 7.38ab 9.08ab 10.16ab 10.69a 11.19bc
3 16.09ab 21.35a 21.40bc 2240c¢ 21.55a  21.70¢ 6.07abc 7.75a 7.92bc  8.84b 10.06ab 11.95 ab
4 1792a 19.59a 2420ab 26.75a 24775a 23.05abc 6.66 a 7.03abc 8.16abc 11.12a 10.74a  11.65 abc
5 1527ab 19.55a 2135¢ 2450 abc 24.50a 23.45abc 4.96d 6.90abc 7.99bc 106la 9.96ab 12.01ab
6 16.68ab 18.75a 2225abc 23.15bc 22.00a 23.15abc 6.18abc 7.18abc 8.14abc 10.57a 9.89ab  12.04 ab
7 1533ab 19.20a 21.15¢ 23.15bc  20.70a 21.95bc 580bc 6.36¢ 926 a 982ab 9.83ab 1251a
8 14.69b 2030a 21.55bc 2235¢ 2525a 2385abc 6.02abc 6.63bc  8.03bc 9.79ab 9.63ab  11.23 abc
9 1505b 18.70a 20.85c¢ 23.05bc  22.60a 24.25ab 556cd 6.50c¢ 797bc  9.88ab 8.50b 10.90 be
10 15.87ab 19.23a 22.07abc 23.66abc 2240a 23.42abc 586bc 7.03abc 8.17abc 10.12ab 9.65ab  11.23 abc
b MR i it/ g e
2016-11 2016-12  2017-01  2017-02  2017-03 2017-04  2016-11 2016-12 2017-01 2017-02 2017-03 2017-04
1 3.0b 7.8 a 14.1 ab 17.7 a 142b 27.8¢ 10.5¢ 152b 198ab 10.8¢ 123cde 15.7¢
2 3.1b 7.4 ab 14.8 a 194 a 19.6ab 23.7¢g 18.5a 187ab 205ab 123bc 23.0a 14.0 cd
3 31b 79a 12.8abc  159a 174ab  31.5¢ 12.8abc 16.0b 16.1b 119bc  129cde 15.7¢
4 48a 6.9 ab I14abc 215a 20.6a 376a 15.7abc 1440 173ab  13.6bc 17.0bc 183 ab
5 20b 5.7 ab 12.0abc  219a 162ab 272f 121bc  174ab 237ab 175abc 7.2¢ 18.7 ab
6 320 53 ab 12.7abc  19.0a 169ab 339b 16.1 abc 21.7ab 26.5a 15.0bc  124cde 153¢
7 23b 49b 12.6 abc 2l.6a 17.5ab  27.2f Il.1¢c 16.1ab 224ab 24.0s 11.2cde 18.0b
8 30b 5.4 ab 10.3 be 20.1a 172ab  28.7d 147abc 23.7a 204ab 19.6ab 8.7de 12.0d
9 20b 5.7 ab 8.6¢ 194 a 143b 2241 173ab 194ab 214ab 162abc 188ab 13.7cd
10 2.7b 5.9 ab 122abc  193a 20.1a 23.4h 142abc 184ab 193ab 10.7¢ 13.3bcd 203a
S g
e 2016-11 2016-12 2017-01  2017-02  2017-03 2017-04
1 135c¢ 230a  339a 28.5b 265cd 435¢g
2 2l6a 26.1a 353a 31.7 ab 42.6 a 37.71
3 159abc 239a 289a 27.8b 303bed 47.1¢
4 205ab 213a 28.7a 35.1ab 37.6ab 55.7a
5 141bc 23.1a 357a 39.4 ab 23.4d 45.8d
6 193abc 27.0a 392a 34.0 ab 293cd  49.2b
7 134c 21.7a 350a 45.6a 287cd 452¢
8 17.7abc 29.1a 30.7a 39.7 ab 259cd  40.7h
9 193abc 251a 300a 35.6 ab 33.1bc  36.1]
10 169abc 243a 314a 30.0b 334bc  438f

FFIAFRNGFRFRRZERRE (P<0.05)

Data with different little letters in same column showed significant difference (P < 0.05)
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BRUA by AbEE 2 O AR TR T A
b3, {H2 AR ECERE ER, 3.4 ARt
BUIALFE 4 o RE; 12 AL 3 AERKLEHE
Z 5, HAME I BAAAEA N ZE R, Hb, 11 A
2 AU EE 4 fte; B ARG AR I SE I AR
K, 11 HUAREE 4 M FMREH, 12 AR 3 1
B, 1 H. 4 AL 7 5, 2 AL 3 AK
DAALEE 4 FRfcl, 5 At A B ) A B 5 2 K F (1 2
S bR 2 AMAREE T =2 S A RSN, AR Y
IREEREI A —E 2R, H, 11 H LA 4 iR
i fe i, 12 HORAREE 3, 1 A DUAREE 2 iy
B 3 AL 4 AMUIREE 4 i SRR AR
FH L FAHEEER - BEACE, Hd, 110 Ak
OO fRZEMEE R AR, 12 HAALEE 8 (R, 1
AR 6 ffm, 2 AR 7 Mis, 3 A
Wb 2 fry, 4 AR 10 fdRm: 12 AL ]
AR R EZR AR E, 11 AL 2 1Rk
R, 2 ARIAER 7 Fem, 3 A AR 2 B,
4 AHALEE 4 B
42 N. P. Kt} =8N

AR AR ) 277 & GREFFR R A5
FRoml, He, DIALHE 4 (NP Ky, BIJJRE 2.33
kg/hm®. 1T BERRES 6.11 kg/hm®. BiFR4T 1.67 kg/hm’
(fr= B, A 75.22 kg/hm?, BN RIS 60.67%:
HUEALEE 6 (NoPsK), EljEfRZ 2.33 kg/hm?®. it
PEIRES 9.17 kg/hm’ . BRERET 1.00 kg/hm®, H7 &N
67.76 kg/hm®, B0 BRI = 44.74% . 4bFE 9 (N3P3K,)
(1778 44.82 kg/hm?,  HEXS TR IR 4.25%.

TR, TEF=J7T, BRACEE 2 RAbH
9 b, it B AL B AN I AL 3 2 TR) 22 ok B 3
Ko AbEE 4 FALEE 6 ) 2= AR, (B H A
PRIE) 22 Sk 35K, AREE 1. AbEE 3 FIALEE 8 ]

ZRAEZE, [HFIAE 5. 4P 7 A2 75 BEK
¥, AbEE 2. AbFE 9 FIALER 10 Ml ERAEE . i
A DLE A P e I T
Jitn, REEIE m AR T e R .

43 HEREXT)IIBAS RS REREETAR S SN

AN [) it R S 6T )1 B 2 0 22 0 B RRCRT A 3R 5 1=
INEREW . o, A3 1~10 1R 2P RES
BRI 14.72%- 5.65%- 3.34%- 25.46%- 18.31%-
16.13%- 6.79%- 6.38%. 2.40%}% 5.40%. ALFR 1~
10 MIRKETEAZR S ERIKOY 0.769. 0.625. 0.585.
0.489.0.615.0.625.0.563.0.448.0.379.0.414 mg/g.
BEZMEEUATE 4 (N,PIKY) feE, 18 25.46%,
NAREE 10 R BED 1 4.7 i LR AR 5 (N,P,KS)
6 (NoP3K ), 2l Xt 3.4 F1 3 £5. 4bEE 9
(N;P:Ky) [P ZHEE ERAK, A 2.4%, XD
55.56%. BKATEHZR S2LALHE 1 (NPKD &,
N 0.769 mg/g, ALEE2 (N\PKy) Al 6 (N,PsK ) H
W, N 0.625 mg/g, AE 9 (NsP3;K,) HIHfK, 1%
0.379 mg/g, ELALEE 11K 0.390 mg/g.

JiZEHT R, S B A AL B 5 0] B
ZRIBER) TR KT, AREE 4 5 Ho A AbEE 2 JE]
BB TR, AT 7 A8 X AR AR TN,
MBKFTHH R S ERE, M 1. 2. 6 SHAMARZ
M REMZER, HAAE 15 H A b Bk B
FKV, BT 9 4b, HABAFES AT 10 Z[E
BB T EEKT. TR, N,
F AR AE B R = | 2 a2 0 TR &, H
A B it AR EL A B e R
44 JIIFAEAENERFNRE (R B EERKXIE
RREES

NS AN EFR PR R EHER IR 3. 458
ORISR mE . B, R R R

&3 IS REINERRN R B

Table 3 Range analysis (R value) of different indexes of C. violaceum

o R1Y o

Ei=pan N P X FREKR
e 13.96 11.26 15.57 K >N jE>P e
R 5.00 2.33 1.00 N JJE>P IE>K B
EREK 0.30 0.82 1.50 K JE>P E>N jE
By iyl 0.67 0.15 0.91 K JE>N jE>P i
HREE T & 0.30 0.82 1.50 K JE>P IE>N B
2R 2.87 243 3.13 K JE>N JE>P AE
SRR 9.56 6.73 2.86 N JE>P JE>K At
R (REFRE 13.60 8.68 441 N JE>P fE>K fiE
REWEE 14.78 8.37 2.93 N fE>P fE>K A
WRHT R & & 0.20 0.08 0.11 N JE>K jE>P i
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WU K IE>N JE>P AR, §2m)1 B S 50 R4
MEEFRE. B RE. SRS ENREKIAN N
JE>P JE>K B, 500 )1 B2 AR . AR 5T & A A
FKN K JE>P JE>N AE, F2MNKHTEH R &R
RIZAK N N JIE>K IE>P fiE.

NS =8 LS 2. RRATHH RS BN IER T
ZoMT IR 4. N JE. P AE. K AEXH)I B S R &
KIERATHAR S B RE; NS EZHS &
(IS IA R R 2K, HPIE. KIEXHEZ S E
PRI AN 3

#4 )IPSTERESHE. RAMESENERHFENN
Table 4 Orthogonal ANOVA analysis of yield and content of total polysaccharides and imperatorin of C. violaceum

=ty Ji ZERIR P57 H A ¥1J5 F1{H P1{H

FrE N 68 399.97 2 34199.99 1.08 0.480 0
P,0s 25917.23 2 12 958.62 0.41 0.7100
K,0 6 842.36 2 3421.18 0.11 0.900 0
W 63 267.32 2 31 633.66
¥ il 164 426.88

DEpEEE N 371.24 2 185.62 36.79 0.026 5
P,0s 108.70 2 5435 10.77 0.084 9
K,0 12.98 2 6.49 1.29 0.437 4
w7 10.09 2 5.05
Vil 503.01

NI N 0.06 2 0.03 3.61 0.2169
P,0s 0.01 2 0.00 0.56 0.641 1
K,0 0.02 2 0.01 1.38 0.4196
w7 0.02 2 0.01
pSwil| 0.11

P<0.05 FRiZH TR 52 P<0.01 Fox xR TN P>0.05 FomiZ K 7R s AS i #
P <0.05 indicates that effect of the factor is significant; P < 0.01 indicates that effect of factor is very significant; P > 0.05 indicates that effect of factor is

not significant
5 e
51 RIEERAATEM
IERSRIG R I VAR % BRERI(E. %%
YA BOREESR S, Bl 2N T &R
SUE I 2 KR 2 KRS, W] LA BRI R
AR TAERCE, FEnrmid b iR e & &R
(1) Rk RS A% . (R T IEAS W — i
R EEP, mH e EmE . EAKEF, FIE
TIRIGHFEAE b, T 3 RERIRLE, H3XER
RGBT W R. Hik, AREERABFR
o PR AT {5 PR A 1
5.2 )R REEANEE R RIEELE
RERLEIRBEHEY) O TR E R R BGA R =
SRR . $R i IR S T RE MR, T it A
TR AR 24 AR P R T ) B R i, S A
BEREME M AEK KT, "SR, XaedcE
2 i 5T o N X AL 25 I (0 2 KA B R R
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