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Effects of fertilization ratios of N, P, and K on yield and active ingredients
of Angelica dahurica var. formosana from Sichuan Province

CHEN Jun-wen, WU Wei, HOU Kai, HE Sheng-lin, TAN Hong-yang
College of Agronomy, Sichuan Agricultural University, Ya’an 625014, China

Abstract: Objective To study the effects of the applied amounts and their ratios of nitrogen (N), phosphorus (P), and potassium (K)
on the yield and active ingredients of Angelica dahurica var. formosana from Sichuan Province. Methods The field tests on N, P, and
K ratios of 4. dahurica var. formosana from Sichuan Province were carried out by using orthogonal combination design, the yield was
weighted, and the imperatorin and isoimperatorin contents in its roots were determined by HPLC method. Results The yield and the
quality of A. dahurica var. formosana from Sichuan Province were extremely affected by different N, P, and K ratios. The yield was
increased with N, P, and K, but for imperatorin and isoimperatorin content, the influence of different N, P, and K ratios is very different.
The imperatorin content was increased with the moderate increase of N and P under the lower level of K (K,O 120 kg/hmz). The
isoimperatorin content was increased with the moderate supplies of N and P ratios under the high level of K (K,O 240 kg/hmz).
Whatever the ratios of P and K, the imperatorin content and isoimperatorin content are lower than that in the control treatment under the
high level of N (195 kg/hm?). The orthogonal analysis of variance results also showed that the effects of N, P, and K on the yield
reached extremely significant. The sequence of them was P> N > K.. The influence of N, P, and K on imperatorin all reached extremely
significantly different level (P < 0.01). Among them, the effect of P and K was higher than that of N. But only N had significant
influence on the contents of isoimperatorin (P < 0.05). The adapted combined application program was N 150 kg/hm?, P,Os 225
kg/hm?, and K,0 120 kg/hm?, namely the ratio of N- P,O- K,0 was 1.3:1.9:1, by which the highest yield and imperatorin content were
obtained. There were significant difference compared with the control and its isoimperatorin content was the highest as well.
Conclusion The above ratios of N, P, and K could improve the yield and quality of 4. dahurica var. formosana from Sichuan Province
as well as the content of imperatorin and isoimperatorin.
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PP RLZE DY TR MY R 22 5 DR 01 E
1 Angelica dahurica ( Fisch. ex Hoffm.) Benth. et
Hook. f. var. formosana (Boiss.) Shan et Yuan,

1.2 Rt

HI AR50 T 2008—2009 AEJEAT , ot 11 dth
DCPY 48 328 7 T K S B P A A o 50 M il 5
N AR 516 gkg. A% 0.65 g/kg. BHfEA
43.01 mg/kg. 4=f 0.80 g/kg. A 13.46 mg/kg.
BT 4441 ghe. N 47.06 mgkg. WRIF
Lo(3H)IEAAL & B, N PRI K B BEE 3 4K
S, F KSR B A W T IRA ST BT (R D
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Table 1 Factors and levels

K iSES
N/(kghm™?) P,0s/(kg'hm?)  K,0/(kg-hm?)
105 90 120
150 135 180
195 225 240

1.4 ®Bi&H

Agilent 1100 /= 50 AH €6 15 (G2 [E B A A)D;
SRAMEIM Y WRATEZE (A5 110826-200712) Al
SERRATHIZE (S 110827-200407) % I G416
oh [ 2 AR RS T, TR (S [ Fisher), HAth
AR HTEE, ALK DR R Cis bl (250
mmX4.6 mm, 5 um); MK 254 nm; FHBNAH:
FEE-7K (70 2 30); MAFUALE: 0.8 mL/min; FEif:
30 Co FERIEHCEILERATHH R M AMET 5 000,
F5 5 BT 22 0 EAMIK T 3 000,
1.5 HENE

R BRI A SRR SR AR Gk 60 D1 g, B 50 mL
B, INFEE 45 mL, AT (ThE 300 W,
A 50 kHz) 1 h, U, 304, e A2 2%,
PEAY, JERL, EUEIIEWL £ 0.45 um AL UERIER,
RIAHIR S . USRSV 10 L, HEFE, 90
SV TR, AU T AR FIURR Y i 28153 1 0 b R i
ORI 5 BRI 23R 1) o
1.6 FiEaE

KH DPS v6.55 RARAFIAT G0k o3 Mo IEAS T
ZEOYHTIE IR R EAT Iy 2250 #1, LSD LT 4L
W7z BE 2 L.
2 FERE5SHR
2.1 N. P#AK RBECHERT | BHIEFE/ ST

N. PRI KRGS () 5% i 45 R W
® 2. NRPATLIEH, Fra it B =K
T4 (ck), R N, P, K EECHG ™ BRI A
ERN, (HIERRALRE 3. 6 5 ck Z [AIf1) 2 ik 2%
IKPAR LR ALY ek (] 22 AN 35 9 N ASTRI N
P K At FH & S Be be A ) A AR EE 6 5 1. 2. 44
5.7+ 8.9, /¥ 3 57, 8 EFIEBEKT, H
AR AL B R] 1R 2 AN S8 Rk 1R AT T 22 Ay M R B
3), No P Al K JEX = 5 ()52 M 350k B 42 35 7KK
Horp pIEX P E R R, OO NE, KB
e NALE=EYS P AL & 2 IERN, P~k
P I it FH 3 i 36O, BB ) 3 Nt IR K
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BRETAA R R #ERATAA R ERFIE (LSD 7%)

Table 2 Effect of N, P, and K ratios on yield of A. dahurica var. formosana from Sichuan Province

and content of imperatorin and isoimperatorin(LSD method)

b N/Akghm®)  P,Os/(kghm?)  K,0/(kg-hm )

P /(kgrhm )

W 1% g 1) ST 113 6 (e )

1 105 90 120 28 138.5 be 1.900 b 0.739 abc
2 105 135 180 28 660.0 be 1.445 de 0.520 de
3 105 225 240 30015.0 ab 1.430 de 0.834 ab
4 150 90 180 27 826.5 bed 1.647 cd 0.660 cd
5 150 135 240 29 181.0 be 1.215¢ 0.874 a

6 150 225 120 322035a 2.260 a 0.743 abc
7 195 90 240 25638.0d 1.370 e 0470 e

8 195 135 120 27201.0 cd 1.411 de 0.663 cd
9 195 225 180 28 765.0 be 1.467 de 0.618 cde
ck 0 0 0 26 889.0 cd 1.739 be 0.713 be

KHAFFRERR BE KT 0=0.05

Lower case letters show significant levels, o = 0.05

&3 N. P. KEBECHE)IAE~EMRAIAZRFRAAZREZNNERAESIRE

Table 3 Analysis of variance for effect of N, P, and K ratios on yield of A. dahurica var. formosana

from Sichuan Province as well as content of imperatorin and isoimperatorin

E Fe b A SRR ST H A %175 Ff{a PAd

FEH N 30251 115.166 7 2 15 125 557.583 3 7.1540 0.005 2
P 45040 641.166 7 2 22520 320.583 3 10.651 5 0.000 9
K 16 314 657.166 7 2 8 157 328.583 3 3.858 2 0.040 3

BRI 38 056 989.000 0 18 2114 277.166 7
WK H 2% N 0.3876 0.193 8 10.422 4 0.001 0
p 0.6513 0.3257 17.5119 0.000 1
K 1.366 1 0.683 0 36.728 8 0.000 1

2 0.3347 18 0.018 6
ST N 0.1418 0.070 9 73106 0.004 7
p 0.053 3 0.026 7 2.749 8 0.090 8
K 0.061 6 0.030 8 3.1749 0.0659

R ZE 0.174 6 18 0.009 7

K P 5w P2 IA) 22 ik BIA 0 2% . N FH fx ) 1]
FLIE BRI 9 N (150 kg/hm®) >{% N
(105 kg/hm®) > N (195 kg/hm?), WJLAHH, 1E
HON ZKSE N = K, Ui HE 1 N AR it
AR TR R 1 N ACT R R R
TR N ZCE, B N IS SR 200 7™ i i 51 3L
S S N ST E RicE: F 3 (a 40D AN S Sal
K JEXS P s A 2, JF BAREH RS =iz
B PR AN B
2.2 N. P#K RBECHEXT | BIEBRATRA R E BN
ANFE NS P AT K it FH A P LU 6 BRI i5H 25
PRI —50. 3 2 W UE H, GRIN RRATHH 2%
B NTE AT 6>1>ck>4>9>2>3>8>

7>5, ck ALBEMIBRATH R ST, AR 1. 6
RKIUNIERNY, HARAFERILN S8 . kb3 6 (h
N. 5 Py AR KD MIBRET R B, 2B 1
(& N+ & Py MK KO, UEBH7EAR K KPR, &4
N e, P AR HECRRKETEH R &, (4 N PR
MEAE R, BSERARN, Wb 8 (&
N & PAK K)o TMfESE N KFER, it Py K IEH
AP R I N, b PE 7. 8. 9. £
b gt Bk, a6 SHAIIE R B, 5
BRI AL EE 5 2 (A f i 2 Z20k 104.5%. 9 DA
PN A AR EE 1. 6 540FE 2, 3. 4. 5. 7. 8.
9 [ i) ZE 508 AT, TMARFE 20 3. 4. 5. 7. 8.
9 M ZERALE. MK 3 FHH N P A K JEXRKHET
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THZ A 2] T A /KT (P<<0.01), JLrb Py
K AESZm L NOE K. KRR B 2R 5 KOt & 2
RN, B K it P R i A, T ) 3 ANt
AP, RK S5 KL m K2R 22 5k B R
WK S K 2 R 28 AN 3 o N it FH 26 R i A
ZERMFEHR P N> N>E N, AfEH, BN
KSR T R T A 35 e, DB R R N JIE it
MEARTFRRETA R RS, X5 N X =&
SO — 500 Ty PR Tt P R BRI 3R R R S R

A .
2.3 N. PH KRB GEN)IBIESEHEERN
=AU

M 2 BT LA H, ck SRR AT HH 22 500 0.713
mg/g, KHE 1. 3. 5. 6 MRERATHZE R KT ck,
WFE 2, 4. 7. 8. 9 IREKETIHZE /N T cko i
AR5 SRR AT 2R s, 1A 0.874 mg/gs HLIR
HALEE 3, 1K 0.874 mg/g; AR LEE 7, A
0.470 mg/g. WLLEHE K KPR, EHH Ny P
JERCLE CAbEE 5) AA T BERETEH R B KN
i PCRRFE 3) 255 e WA 2 (1) s =i Ny P (A
7D MLE AN, B ck AFLEAE T 0.243 mg/g.
MAER N AKCER, e Py KB A b H S R
THEREY/NT ck, AbFE 7. 8. 9. L EILKLRE
FKH, b5 HILRAE NI 2 S8, A3
BRI TNV AL 2, 4, 7. 8. 9 A ER B .
I IEA T ZE i kB (3R 3), N P ALK JIEXS R
TR A R Y AN ], o sg i KA N
B, Hom KE, PR RN, 3 Rkt KA
N BRI FE Mk 28 W% 7K. Ny P AT K IEEC i
FMRHTEH B S Bt — 3. )1 AR
AHERES P IO &R0, B P R A R
imA R, WEM 3 NEIEACE R, KPP S5E P2
V) P 22 a8 S o N it P 0 1140 S DO T ) 25 A 1)
SEMA Tk N> N> N, RN 58 N Z )
ZESEIE RN, UOAE NI BN, 1T
T SRR B 22 NI A R B, {2 N R
FH It 22 B 2 5% S R T 15 358 i Bl AR R K I it
0] W 25 B (0 S R B
3 g

FLERAE S5, B . T Ot
TARRNE T NERF O B RIS ™ &
P, RIGIER AR, AE AN, A
HIE R &G — e s ER, A B e

MEAMREM . B SIEAERE, AR
i B IR —P1ERAE, —BEBRAE, AIEm
HRE FURTEH, AR . e
Sy (AR G “ R0, RN,
FIEETHEAE” (R0 A2 T UL ERERRA
BT OCSCHR,  F FARH S AL (1 i IS, SR
THIRE S 3 WA (AR 12 H. £E2 H. HFiE
3, FFLE A 2050 3), RS SR 4y
PIUCHT, BN, #2E (3 HD, MG 55
(1t I 2 i

N. P fl K JEFCHERE O 4 AEVF 2 25 AT
&, tnEsgll A7 At e Mg
A SRR = o0 kIR IEAS A A B, BIFST N
PRI K i FH 5 S HE Bk (1 TP B S, 4 R
THAEIEES N P A K ISR 35 o 138,
N. P Fl K P AR T 2K P, it o 1) 184
A EE LR, N. P ALK JERCA 3
Wi P, (HAR LI N P AT KBRS ) 1] T
ST IR ST . ARG SE B, N. P. K
PR AT 1|1 3 6 A8 R I IE 0N, BT e
ABR I P KT ks {H NL Py K JEFH & & RCLE
o N R i 5 2% 5 5 KRR 5 3% 10 5 ) 2 e A
K FEARK AT T, 848800 N, P AR AT 8 KRR
IR, Wb 6; 76/ K KT, &M NP
JEEC LA R SRR AT B 2 T, WAL EE S5 TfTAE S
N KPR, it P K IEH & AKBC LR AT 3=
SERETHZE RN T ok, WabBE 7. 8. 9. HIt,
RSN N P AT K R i A e b2 3 w1
AR I OCHE, IEE N, P A K ERtS
PR N RS O s Rz, B
SEHA R BN R RIS R, 9 ANAIE
) N. P. K JERCHEALEE, 7= & sgmfek, bt
st TR /I, U A R e S5 OO T A DR o

FESEHERN AR, AR AN R (19 A R P
FINL P A& KNERCEG. I ETEER, A3 6 1)=&
o4 32 203.5 kg/hm®,  RRRHIZE RN 2.260 mg/g, SFERK
ATEHZE RN 0.743 mg/g, b= S RKATHH 2 B LT
A RFR I A, 5 ck Z I 2 S 38ik 3 5 7K
I HACHE 6 (1 ERRATHH R BB, AT A E
553 fr. K, AREE 3 RN 30 015.0 kg/hm®, 8
ck N7 3 126.0 kg/hm?, {HRKRTHIZE . SEEKETH
FEE ok M ERALRE . A ZR A5
K T 2% 5 5 RRAT S 25 0 g de ) Ak
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6 BN 24 150 kg/hm?, P,Os by 225 kg/hm?, K,0
>y 120 kg/hm?, N-P,05-K,0 IECEE N 1.3 0 1.9 0 1
YEJ N A IE BEASE B Ny P AT KB = & e
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N %5 105 kg/hm®, P,0s K 225 kg/hm®, K0 4y 240

kg/hm®, N-P,05-K,0 [FELLE A 1
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