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Effects of application of N, P, and K on traits and active ingredients of
Chrysanthemum indicum
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Abstract: Objective To explore the effect of N, P, and K fertilizers on the growth of Chrysanthemum indicum and accumulation of
active components. Methods This research used different levels and ratios of nitrogen, phosphorus and potassium through orthogonal
experiment; The flower of C. indicum traits were observed in the harvest period; The content of the dried flower active ingredient was
measured using HPLC. Results The result showed the noticeable differences among the 14 groups in the number of capitulum, the
diameter of capitulum and tubiform floret, yield per plant, total flavonoid content and linarin content as well as fertilizer efficiency of
different mineral elements. Appropriate increase of N, K concentration and low P concentration was beneficial to the growth and
development of C. indicum and the output of dried flowers. Low concentration of N, P, K promoted the cotent of linarin and total
flavonoids; The content of linarin treated with different combination all accorded with the standard of Chinese Phamaeopoeia.
Conclusion Compared comprehensively, it was concluded that the optimal proportion of nitrogen, phosphorus and potassium in the
growth of chrysanthemum inflorescence15:0.1:3. Flavonoid and linarin content reached the highest point without fertilization.
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1.1 #R

FIT FH BT 26 14 R 22 1t AR M K 25 R 2 M AT 9B
WA HBRETRFERN B EBEYD TR
Chrysanthemum indicum L.. Z525 Fr FHEF 5 2014
i BRI, RS 30~40 cm )4
TR #k
1.2 {EE5FHF

Alpha-1506 284h-1] WA 66 RETH CRiERERAX
WAMRATD; LC-20 AT FRAREE CREEA
", HAO. Kt bR R BER. B8R,
T URESE=97%, 5 B25342). ZE4EtT Ui
B8 =98%, it B20860) I H EHEIEHARRA
A, JRE. BERRES. SULER. HEE. UKESRR. 5%
TEASEREN. 10%MNERAS . 4% A AANES: Gtk
A4 .
2 ik
21 EWigit

TSR T 2016 4F 6 A 6 HITFUAEHMT N4k
B, WAKEA 21 ems IR 17 em, DIANLE -
WEA-BEREA 30301 MIRSIERNEARIEER, FFmt
FAMGIBILAZEY], 7 H 7 HAFMEEAE, 45 H e 1
K, a4 k. ZHEFLFRFHEY) T ERHEDY, 12 H
3 E 4 AKCPIEAS B JRRECH] T AN RIR S E TR,
R FEMR AL E N 100 mL, N JEHRER
(H,NCONH,) #2fft, P AR BERRES (CaP,H4Os)
Feft, KABHEED (KCD #24t, 3t 14 MabH,
ANEER 9 NS, BENLXAHS], WK 1.
22 FHEEREFERENE

T H B2 A R AE 76 4 T T8O I = A
KR, HARME LT 4 Mabs: SR $dE
FAREF AR B AE T EG SKIRTET AR TR Ak
RAEFT B BE ALK BT s BERAE T BAR R Hh ) IR
TEREPTEAL B 96 K FE s bk ™ B4 B AR BT 2 16
()46 7 ot £ .
2.3 HHFELSRESEHINE
2301 XTHRSVARBIGI R EE PRI TN R
10.4 mg, F 70% HWELEILEM, ©HZE 50 mL,
el pk 0.208 mg/mL [FI%F e ShiaW, & H
2.3.2 MK SEIEIES SRR OE B ik

=1 ZAEN. P. KIEHE

Table 1 Amount of fertilizer applied to each treatment
e Jit I &/(mmol-L ™)

AL

Ji

H>NCONH: CaP2H4Os KCl

1 NoPoKo 0 0 0
2 NoP2K>2 0 0.6 3.0
3 NiP2K> 3 0.6 3.0
4 N2PoK>2 15 0 3.0
5 N2P1K> 15 0.1 3.0
6 N2P2K> 15 0.6 3.0
7 N2P3K> 15 8.0 3.0

8 N2P2Ko 15 0.6 0
9 N2P2Ki 15 0.6 0.8
10 N2P2K3 15 0.6 42.0
11 N3P2K2 45 0.6 3.0
12 NiPi1K> 3 0.1 3.0
13 Ni1P2K1 3 0.6 0.8
14 N2P1K1 15 0.1 0.8

2 70% 0 AR AL, M RAE . B 55168
K 025g, FEHMA 100 mL FIHE, 60 C KB
IRAGREL 1 h, AEEERE, AR REhE,
Fr A3 8 E R A s v 2 H

233 REMTFvE B2 mL BRI 25 mL & &
S I 5% NaNO2 i 0.3 mL, #RGHES], K
B 6min, JIA 10% AINO:); ¥ 0.3 mL, k%%
%], JE 6 min, FIIA 4% NaOH %7K 4 mL,
IR E 2 IRGIRS), THE 30 min. A HAH O
IR AR NS HER, ERRKREK 510 nm
I E R IERE (4D fHI,

234 FRAEIMZRIILRH] DO ST R AR AR
X0, AENPALR (V), 2HlbrrEriZ, HHREEL
PR Y=1.0351X+0.0209, »=0.9987. J7iE¥%
ok iR, EEM. e tER o SR,
24 HREFEESEWNZE

241 XTSRS BOSESET IR,
N FH BRI AR EY 25 ng/mL VAW, 2.

242 MHAREREEE SR (REZ) 2015
SERRT M T %

243 @ik AR SB-Cis i (150
mmX4.6 mm, 3.5um), PAHEE-/K-VKESHE (26 : 23 :
1) JFEhAE, Rk 334 nm, KR 25 °C, HEREE
R 20 L, FISHREAL AL HIETHE NAMIKT 3 000,
244 e 2zt ol DO R I R
MR (XD, WEIBUAMNAS (V) #4721
1, THEASRIZMERIA RN Y=539 533 X—14 013,
?=0.999 5. JFEE R RAREEE . EEM. 2
SEME DIAEEICRI T A SRR B . 0 HE SR 2 48
B S g LA 1.



¢ &% Chinese Traditional and Herbal Drugs 25 50% 223§ 201941 A

* 537 -

A %{Eﬁ
B
S
0 s 1o 15 20 25 30 35

t/min

1 B (A) MEFRLES B) HPLC
Fig. 1 HPLC of reference substance (A) and samples (B)

2.5 HURALIE
X Fl WPS Office 2016 F1 SAS 9.4 73 ¥y Sz
3 HBR5%
3.1 N, P. KiFEXERHLLKEF R
MESEER N, Py K FESE 51 I0IRTE
PR IEA R, 4RI 2.
3.1 SRRAET iR A B 5 R it AR Ak 3
(NoPoKo) AHEEZE 235, Horh NoP Ko A0 SRR
FHURZ, NoPoKo AbEE 5 NoPoK, AP SKRAE T
Bk, AKiEAEAERSRAE T H D, R N
S K AEAL R I SR AE 7 25 B A Tk P AR AL 3R
JRAETE VLRI BT S A SR 7 8 B N

x2 N, P\ KiFIEXNHFREREFERBER (xts5,n=6)

Table 2 Influence of N, P, K fertilizer regulation on C. indicum capitulum traits (x+s,n=6)

s J S SR 3L SSIRAEF H A% /em BIRIEF HAE /em LRy -
1 NoPoKo 41.00+18.11F 1.43+0.22¢ 0.58+0.07% 0.29+0.13¢
2 NoP2K> 51.00412.29def 1.41+0.15¢ 0.57£0.09¢ 0.40%0.13¢
3 NiP2K2 61.001+10.81¢de 1.50£0.19b<d 0.59+0.03b 0.59+0.184
4 N2PoK2 103.00+15.13% 1.52+0.23bd 0.68+0.072 0.89£0.1582b°
5 N2PiK2 118.00+10.842 1.74+0.18% 0.72+0.112 1.03£0.142
6 N2P2K> 101.00+11.532b 1.61£0.192bed 0.63+£0.072b¢ 0.91£0.19%
7 N2P3K>2 67.00+12.27¢ 1.37+0.134 0.62+0.082b¢ 0.62+0.164
8 N2P2Ko 45.00+13.29¢f 1.49+0.11bed 0.64+0.142bc 0.33+0.13¢
9 N2P2K 74.00+16.95¢ 1.50+0.18b<d 0.65+0.072b¢ 0.72£0.11¢

10 N2P2K3 65.00+15.36% 1.64+0.202¢ 0.61£0.102b 0.60+£0.144
11 N3P2K2 99.00+13.5920 1.66+0.252%¢ 0.65+0.06% 0.8610.14%
12 NiPiK2 68.00+18.09¢d 1.59+0.292bcd 0.61£0.092b¢ 0.63+0.184
13 NiP2K1 50.00+24.35def 1.55£0.14#bed 0.60£0.07% 0.40%0.16¢
14 NoPKi 96.00+22.21b 1.63+0.282%¢ 0.66£0.112b¢ 0.84£0.12b

[ FIA /NG B R AL RILE 0.05 /KF 2R, TH

Different normal letters mean significant differences among treatments at 0.05 level, same as below

fE5 K BRSO T PERIAERL, N Py K J#E
Xof B S A6 SR AL B i 2 2

3.1.2 SRIRIEFEAE  NoPiKo 40FE . NoP3K, AbEE L
AR Bt AL FREAR b 72 S 2 25, FLAth AL BE 5 A it A Ak 3
MEZERAEZE, N Py K i T 1 SoRE7
AR T AR B SORIE T B, BT
NoP3Ko A0 PR () SCIRAE P BLAR /)N, NoPaKo AR Sk
RAE T EASRS AR T ARt AR AL B A SIORAE P LA, Ui
BIN. P. K 300 SRAE Fe BLAR A (L 3EAE
H NoP Ko A ER R A fE

3.1.3 EIRTEFEAE NoPiKy AbFR 5 ARG AL 21
M ZER S, HALES Z M ZERA T,

N. P. K AL B R ERIE T BEAREEA BT ok
JEAEAL R ) EDIRAE T BAE, Wil N. Py K iR
FEIERTE Y BARE — e, H NoP Ky 207

ROR B, NoPoKo bHIRZ o A SRR HR S
ERTET BN ZE v, NoP Ko A FE B A8 2
P B A IR

3.4 HRREE EAEACER S K iE RS AL FE AR L =
R, HAPTE NoP K, FABER™ B, 1
NoPoKo AR BE R [ B P2 B 2, Al IR A B B
FEERE, [FRE N ES K AR TR Sk = & B
BART6 P AR E ) bR &, VAR (R T A
Bk E BN RS K AERAERCRT P AERIAERL, N,
P K 0BT 4G 10 B bk P B I 2

3.2 N. P. KiAEMERHEFER SR
3.2.1 N, P. K 5% B 2540 0 5 R 7 & 1 52
WA 2 Fros, ANE N IR AL I B 4G 46 0 B R 2
AR, i N B S KiE N AEASBEA] L2
FRFE. BEE N ALKRERROR, B ie sl & &



* 538 -

¢ &% Chinese Traditional and Herbal Drugs 25 50% 223§ 201941 A

JetEE AR, 2 NPKo AEERIA o KMH, 18
N3PoKo A0 FE R ik e /ME

ANF] P EACFE T B 4 16 e B S B AR AN R
M, DL 3. NoP Ko AbEES NoPoK, ALERAH L 2 5 5
#, HABALPES NoPoNy AL BEAHEE ZE AN 3 . [ P
NEMREERIR, B30l & s T s e PG, =
NoP Ko SEER 1A 5 KAE, 7E NoP3Ko ARBE N s/ ME

a
—I—

;
| C
—=
5 1]
%
" o3
S0
2
1
0
NoKsz N1P2K2 NszKz N3P2Kz
s

2 AENKFEFHRE DR S 200

Fig. 2 Effect of different nitrogen levels on total flavonoid

11

NzPle NszKz N2P3K,

content of C. indicum

il
S = N W A N
T

N>PoK,

B3 AR PKFEHRLDANSEFM

Fig. 3 [Effect of different phosphorus levels on total

flavonoid content of C. indicum

WA 4 P, ANTE] KB AR BT B 2 1 S S B 2
AR NoPoKy ALEEE NoPoKo AbBEAH EE
i, HMALES NoP Ko MHEE Z 5 AR . B
K EREZRIR, B 5940 0 3 & B ST e B
/%, 2 NoPoK B 32 B K AE S 7 NoPoKo A0 FE 5 NoPoKs
REBE ik B/ ME
3.22 N. P. K WX B 5L ST & B0
WEl 5 s, AR N LB B S e S e B & B A
AR . %0 N JEAL S NoPoKo Ab 3 2 57 i 2
it N JEALERE) ZE R AN 2. BEE NIRRT K,
TS A H & B R BB T R 3
T NoP2Ko AbBE NS0 H &8l . 1E NoPoKo b3
MEUET SRR,

Wk 6 i, ANF P LA EEXT B S 1S4 &

TR/ %
O'—'Nw-{kUIO\\l

11

N2P2K1 N2P2K2 NZPZKS

N2P2Ko

El 4 TR K KEEFHE D RERIFM0
Fig. 4 Effect of different potassium levels on total flavonoid

content of C. indicum

1.2 —T—
b

1.0F b b I
= 0.8
#I 0.6l
W 0.4t

0.2

N(]Psz N]Psz NszKz N3P2K2
yosii]

5 AFENKPEHHFRFAEFETIENT

Fig. 5 Effect of different nitrogen levels on linarin content
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