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Effects of combined application of nitrogen fertilizer, phosphorus fertilizer
and potassium fertilizer on yield and active components of Angelica dahuri-
ca in purple soil
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Abstract: Under the Chinese policy background of preventing non—grain conversion of cultivated land, a quadratic or-
thogonal regression rotation combination design using three factors and five levels was adopted in this study to make rational

use of purple soil (sloping field, wasteland, etc. ) in Sichuan area for Angelica dahurica var. formosana planting and to ex-

plore the effects of combined application of nitrogen

Y5 B #5:2022-03-25
BEE£TH . WA RHEIT E AW ATH (2021YFYZ0012) ; P44
P2 S 2R BT H (2021-16-4) 5 PU IR AL K2 24 R

fertilizer, phosphate fertilizer and potassium fertilizer in

purple soil on the yield and effective components content of

AR 2R A AT H (P202108) A. dahurica var. formosana variety of Chuanzhi 2. The re-
TEE R X (1994-) , B ZRIRE A, B0 54 TR 1Al sults showed that, the effect of combined application of ni-
R YFSE . (E-mail) 470032596@ qq.com trogen fertilizer, phosphate fertilizer and potassium fertilizer

BWRMEE: R T, (E-mail) ewuwei@ sicau.edu.cn on A. dahurica var. formosana vyield in purple soil was
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ranked as follows: potassium fertilizer > phosphate fertilizer > nitrogen fertilizer. Both phosphate fertilizer and potassium fer-
tilizer had significant or extremely significant effect on the yield of A. dahurica var. formosana, while nitrogen fertilizer had
no significant effect on the yield of A. dahurica var. formosana. The effect of combined application of nitrogen fertilizer,
phosphate fertilizer and potassium fertilizer on the imperatorin content was ranked as potassium fertilizer > nitrogen fertilizer >
phosphate fertilizer, while the effect on isoimperatorin content was ranked as phosphate fertilizer > nitrogen fertilizer > potas-
sium fertilizer. It can be seen that potassium fertilizer significantly affected imperatorin content, and phosphate fertilizer sig-
nificantly affected isoimperatorin content. The fertilization formula was optimized by statistical frequency method, and it was
found that Chuanzhi 2 could achieve high yield when the application levels of nitrogen fertilizer, phosphate fertilizer and po-
tassium fertilizer were 233. 73—283. 36 kg/hm’, 1 380. 66—1 522. 04 kg/hm” and 215. 14-240. 03 kg/hm’ , respectively. The
contents of imperatorin and isoimperatorin in roots of Chuanzhi 2 could equably increase when the application levels of nitro-
gen fertilizer, phosphate fertilizer and potassium fertilizer were 240. 39-276. 58 kg/hm*, 1 097.69-1 197.45 kg/hm® and
163. 12-185.91 kg/hm®, respectively. Finally, the optimal fertilization scheme for Chuanzhi 2 in purple soil was obtained by
comprehensively using the grey relational degree and technique for order preference by similarity to ideal solution ( DTOPSIS)

method, and the application levels of nitrogenous fertilizer, phosphate fertilizer and potassium fertilizer were 193. 40 kg/hm’

1 449. 26 kg/hm” and 239. 88 kg/hm’, respectively.
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Table 1 Coding table of experimental factors and levels of quadratic orthogonal regression rotational combination design

. S JENE & (kg/hm®)

K- FHE (=) AL (,) BRI (3) FIL(RE)  BRLGIBERRES)  HPAL(BRARER)
v(1.68) 169.41 251.87 140.93 364.24 1 679.14 281.86
1 149.25 217.39 119.94 322.34 1 449.26 239.88
0 119.94 164.92 89.95 257.87 1 099.44 179.91
-1 89.95 112.44 59.97 193.40 749.62 119.94
-y(-1.68) 68.96 76.46 38.98 148.27 509.74 77.96
ALK ] 29.98 52.47 29.98 64.47 349.82 59.97

y=1.68 TRARIUIE B S 3 RN, A BRSO, =22 (=1.2,0).
F2 ZREXOEREASKEEITERERR
Table 2 Design and implementation scheme of quadratic orthogonal regression rotational combination experiment

. R ST (kg/hm?)

A (x,) BEIE (x,) B (x5) RRORFE)  BRIECGIBERRES)  HAL(BRARET)

1 1.00 1.00 1.00 322.34 1 449.26 239.88

2 1.00 1.00 -1.00 322.34 1 449.26 119.94

3 1.00 -1.00 1.00 322.34 749.62 239.88

4 1.00 -1.00 -1.00 322.34 749.62 119.94

5 -1.00 1.00 1.00 193.40 1 449.26 239.88

6 -1.00 1.00 -1.00 193.40 1 449.26 119.94

7 -1.00 -1.00 1.00 193.40 749.62 239.88

8 -1.00 -1.00 -1.00 193.40 749.62 119.94

9 1.68 0 0 364.24 1 099.44 179.91

10 -1.68 0 0 148.27 1 099.44 179.91

11 0 1.68 0 257.87 1 679.14 179.91

12 0 -1.68 0 257.87 509.74 179.91

13 0 0 1.68 257.87 1 099.44 281.86

14 0 0 -1.68 257.87 1 099.44 77.96

15 0 0 0 257.87 1 099.44 179.91

16 0 0 0 257.87 1 099.44 179.91

17 0 0 0 257.87 1 099.44 179.91

18 0 0 0 257.87 1 099.44 179.91

19 0 0 0 257.87 1 099.44 179.91

20 0 0 0 257.87 1 099.44 179.91

21 0 0 0 257.87 1 099.44 179.91

22 0 0 0 257.87 1 099.44 179.91

23 0 0 0 257.87 1 099.44 179.91




HTIREE B0 2 AL BRAL BT AL FCHE X 11 17 ik B A UL YR 211

1.4 MEHERESNERE
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ROEAR , A I~ )OI AR ELAR o AR
BT 105 CHAE N AT 15~30 min J5,45 CHET &
fE T e R T B, 5/ D23 2B E AR S
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K H Excel 2017, DPS 7.05 Xt s 4740 AL %
B 43 #r, IF g 57 A BE A Excel 2017 Al
GraphPad Prism 8 HA

AT T3 =T B i (g) /M BT (g) x100%

Fea (kg/hm®) = FEHCA BB (k) /32 HL
A (m?) x10 000
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2.1.1 BAE I 541 i DPS7.05 Giil 4k
*3 AERE. R ERE GRS RN T E SN (FE)

X = (Y,) HREEFE(Y,) REFRE(Y,) it
Y, ARK(Yy) MWERE(Y,) BRAT#H R & &
(Y,) SRRATEI R & (V) MBS AT [B1E 44,
PRV ENE () BEAE () VBRIE (ay ) 61 522 199 100 0
RV TR A L | Eoal gl =S NI = Y G
A1 R BB A5 B 220 85 R (£ 3) .

HR 3 AT, 7 e AT TR AR B Il H R AL
F(F,=6.370 F,, =6.244) ¥ 35 B 5. F K, 5k
U F ARIKBNRFEKF(F =2, 117) RIUE F,
KRB R FEA(F,=3.272) , BEW ™ B R ik 0l
Ty AR S AR by T SERR By, MR T A |
W FiE R AR BHTHR & R R
SRS TR F K F R 5
VL R Bl H 7 B AU G BORAN S, AN AT LA T AR
RIPRSR , 7677 0 R I EH 5 R, — R0 («, |
20y) S RI(x,” 0,7 ) VB ELIT () YA 3K ) I S B
W B EK-, BHBE, BIBRTE a=0.05 &3 KT A
BEEIE , v IR R (Y, ) R EE T
FE. Y, =1 390.01+200. 08x,+ 148. 56x,~ 137. 77x,~
164. 42x,2+174. 272,54

Table 3 Variance analysis on the test results of combined application of nitrogen fertilizer, phosphorus fertilizer and potassium fertilizer in

Angelica dahurica ( F value)

R s AR T ek R PrrEg LIS WRER BRETHR & SRR & &
(Yy) (Yy) (Y3) (Yy) (Ys) (Ye) (Y7) (Yg)

X, 1.394 0.002 0.005 0.059 0.497 0.257 0.596 0

%) 16.160 ** 1.981 1.622 16.981 ** 1.432 7.151" 0.216 7.203
a3 8.913" 0.068 0.043 0.269 2.303 1.028 5.367" 0.357
) 0.049 0.582 0.774 1.056 1.652 0.205 3.269 " 1.026
x,? 8.919" 0.731 0.049 32.866 " 0.527 0.283 0.002 7.844"
X3 12.703 ** 2.500 1.614 4.667" 1.021 2.479 0.034 0.034
X%, 0.981 0.017 0.068 0.107 0.352 0.019 0.128 0

X% 1.145 0.001 0 0.001 0.777 0.004 9.976* 2.181
Xy%3 7.185" 0.064 0.041 0.232 0.436 0.074 0.103 0.012
SIEHRE(FR) 6.370 ** 0.656 0.466 6.244 " 1.000 1.278 2.189 1.956
RAUBE (Fip) 2.117 0.347 0.438 3.272* 1.119 1.028 2.435 1.829

oy U sy TR sy AR, * FORARICMES 0.05 K ; = FoRMISErER 0.01 BRI ) FoR KN H0.01~0. 05 B EKFE,
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Fig.1 Single factor effect analysis of nitrogen fertilizer, potas-

sium fertilizer on Angelica dahurica yield
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Fig.2 Analysis of phosphorus fertilizer-potassium fertilizer in-

teractional effect on Angelica dahurica yield
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RIS = o PR, DA™ 5 5 B AR OC BB H b, 2R
MGEH g A 1 E 2 5 77 55 T 27 347.68
kg/hm* (I BEAE 40 IR AL )y 58, & 4 v,
FESE A - R A I E 2 5 7 i T 27 347.68
kg/hm* (75 284 40 4>, 38 0 7157 95% 1Y & A5 X [A]
AP AR AR Y e A Y L, B IS it & R
233.73~283.36 kg/hm* #f I Jiti FH & 4 1 380.66 ~
1 522.04 kg/hm® | 8 it FH & & 215.14 ~ 240. 03
kg/hm’Bf, 76 56 68+ P AR AL B )1 0E 2 5 77 4 s T
27 347.68 kg/hm’,
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SR P B RO 1 R e AN ] 6 R 3R Y
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SBERE > U S BPAE AT X AR BRI R Y
M 5 A TP AR b S R 3R 5 1 il e/ ), RUIE
Qb T H ] A b A7 Tl X AR BRI 5 2R 5 o R
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F4 BIEFEBIT 27 347.68 kg/hm? [ i [E = BUESIE 5 0

Table 4 Frequency distribution of factor values when Angelica dahurica yield exceeded 27 347.68 kg/hm’

AT HRET WA IRUSEC bR oSt T OIRR
-1.68 -1 0 1 1.68 (kg/hm*)

X WH 8 8 8 8 8 40 0 0.196  -0.384~0.384  233.73~283.36
P (%) 20.0 20.0 20.0 20.0 20.0 100

X WH 0 0 10 15 15 40 1.006  0.103  0.804~1.208 1 380.66~1 522.04
R (%) 0 0 25.0 37.5 37.5 100

X WM 0 0 15 15 10 40 0795 0.106  0.588~1.003  215.14~240.33
AR (%) 0 0 37.5 37.5 25.0 100

X :ﬁHB;xz :@;HE;&% WHEN

x5 @B BESENEEFUNSHNERETEHE
Table 5 Single factor contribution rate of nitrogen fertilizer, phos-
phorus fertilizer and potassium fertilizer to the effective

components of Angelica dahurica

A5 5 AR W 25 A SRR ETH R
A 0.797 0.283
WA 0 1.297
G 1.263 0.270
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RTHA 2 & 2 B R AE 07 T s I, 0 0L it P 5 BRI
TR SRR OASE, K 3B R %0, B A X S5 WK
[ ES2p i) A N I Tl eba o < £ E R 7 Wi
FHACE RN, 5 BRATHA 2 & s e AR B T,
il FH B 7 —1.68 ~ 1. 68 7K -1 S MR AT 2 7% 1 5
RS B TE T, 1. 68 ZKF- B S R i 28 4% iz de K
F—1.687K V- S MR HiT A 28 19 7 12, U BH = i /KO He
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Fig.3 Single factor effect analysis of potassium fertilizer and phosphorus fertilizer on the effective components contents in Angelica dahurica

223 BENE2 FTAZXRY S EWHRIT E
ik (PEZGI)IUE AR PR R S A
13/0F 0.08%" " o R4 i 1 2 4) 1) B 24
A PESCbR Rt BRI 2 5 AR W A R AT
R G E=0.28%, FEAATTAR T E=0. 15% 0K
PR FHLEARE T8 G A EGE AT BT 2R 5 5

KT 0.28% M )57 %A 55 (K 6) s RIRETAR & &
KF 0. 15%MITER 75 (KT,

% 6.3 7 Al A, it i1 95% iy B 15 X (1]
5 24 U8 i FH 2 2~ 233.73 ~ 277. 06 kg/hm” , 3 AL
Jiti A1 001.35~1 197.45 kg/hm? 8 AT Jiti JH 4
144.83 ~185. 91 kg/hm’ B[ 1E 2 54 H (4 RRiG H 6
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A IsE] 0.28% & U I 5 4 E ALt A & 4240.39 ~
276. 58 kg/hm”, # AC Jiti F & & 1 097.69~ 1 317.05
ke/hm? , Bf L i FH 42 4 163.12~ 196. 70 kg/hm? B 1]
1 2 AR S RRETSA R S = Ik F 0. 15% M LA
I HHEAT RIS AT AR 2 AU it R

F6 BEKAIARSE=0.28%0 M EZBERMSH

240.39~276. 58 kg/hm*, T AL jifi F & 4 1 097.69 ~
1 197.45 kg/hm’, 4 BB jifi I & & 163.12~ 185.91
kg/hm? i AT D $4) i b B8 e 4 40 - AR )1 T 2 5
MR F RRCHIT5H 28 RN S MR HTH 2R 2 i

Table 6 Frequency distribution of factor values when the content of imperatorin in Angelica dahurica =0.28%

BT S machit oswmfnci I
-1.68 -1 0 1 1.68 (kg/hm®)

% €' 10 10 15 10 10 55 -0.312~0.312 233.73~277.06
B (%) 18.18 18.18 27.27 18.18 18.18 100

%y WL 11 11 11 11 11 55 -0.327~0.327 1 001.35~1 197.45
A% ) 20.00 20.00 20.00 20.00 20.00 100

X3 UL 15 15 5 10 10 55 -0.556~0.100 144.83~185.91
PR (%) 27.27 27.27 9.09 18.18 18.18 100

Xy :/E‘LHE;XZ 2@‘%HE;X3 .ﬁ?ﬂEH

x7 BERKRATPERRE=0.15%0 00 EZBERB S H

Table 7 Frequency distribution of factor values when the content of isoimperatorin in Angelica dahurica =0.15%

R AT mpcait  oswmfice B
-1.68 -1 0 1 1.68 (kg/hm~)

X W 15 15 15 15 15 75 -0.280~0.280  240.39~276.58
Wi (%) 20.00 20.00 20.00 20.00 20.00 100

X W 25 0 0 25 25 75 0.005~0.662  1097.69~1 317.05
A% ) 33.33 0 0 33.33 33.33 100

X WH 15 15 15 15 15 75 0.280~0.280 163.12~196.70
B (%) 20.00 20.00 20.00 20.00 20.00 100

X :ﬁﬂﬂ;xz:@éEE;m:WHEc

2.3 EFREBXEEM DTOPSIS E4&1EM I E
2EHNFERBUBSEE

TR E O L R RE N 2 S AR
BeJT , AR LRG T 7 i BRETEA 2= & i | 55 BRCHT
RO, il ad K G B VA AT 2 G AR
(3% 8), Wit SCHKEEFIALE #£1T DTOPSIS % 4b 3
HHE DTOPSIS ¥EH 1) C,(AHXTEER B ) AT HEF , IF:
TR PPAT RN v, (ORIKEE) (R 9) o

HH 3R 9 AR, R A8, DG IR B vk v e KOG HR JiE 22 7
H 45.15%, T DTOPSIS ¥ i Kk €, 2 % K
71.03% , Ui B DTOPSIS ¥ A H K 8 5 Bt B 30K
TRbFR] A 25 S T AT DA REPE AL R A AL
4y, MbFE S ALFR 12 FIALFE 21 &5 4b PR K (4%

B A DTOPSIS 545 2R G PEN HE P 45 R — 3,
Hp g &R B A HE 5, B2 FO i FH 5k
193. 40 kg/hm2 s s 0 its FH & M 1 449. 26 kg/hm2 , an
JE i FH 4 8 239. 88 kg/hm® ((AE - WEAE - AR =
0.75: 1.81 : 1.00) BRI e+ I TE 2 S = &
A RN & i G i,

#8 HEFBNENESSBHEBRE(y,) ME(o,)

Table 8 Correlation between yield of Angelica dahurica and effec-

tive components contents (v;) and related weight value

(e )
£ P BRATWHZ ik SERKATIH & i
KR L 0.605 0.567 0.680
EXLE 0.345 0.324 0.331
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®9 BEFEMERNSSERMBKEKE (r;) SHEMMELE(C,) HF

Table 9 Weighted correlation degree (r;) and relative proximity (C;) ranking values of Angelica dahurica yield and effective components

contents
s TR A ICHR B 1 43 B 45 DPOPSISF #:4#r 4k
SRR KHRE2ZSR (%) Hey AARTHSL Y M SRS (%) HeF
1 0.164 39.02 19 0.412 49.02 18
2 0.194 27.89 11 0.546 32.39 9
3 0.148 45.15 23 0.311 61.51 20
4 0.194 28.00 12 0.544 32.70 10
5 0.269 0 1 0.808 0 1
6 0.158 41.33 20 0.289 64.19 22
7 0.204 24.33 9 0.476 41.07 14
8 0.154 42.81 21 0.307 62.04 21
9 0.167 38.02 17 0.425 47.38 17
10 0.202 25.05 10 0.584 27.73 7
11 0.152 43.61 22 0.234 71.03 23
12 0.259 3.65 2 0.738 8.71 2
13 0.235 12.76 4 0.493 38.98 13
14 0.164 38.93 18 0.410 49.29 19
15 0.189 29.78 14 0.533 33.99 12
16 0.189 29.64 13 0.539 33.33 11
17 0.211 21.40 6 0.621 23.19 5
18 0.227 15.52 5 0.711 11.98 4
19 0.177 34.34 15 0.475 41.17 15
20 0.208 22.72 8 0.590 26.95 6
21 0.236 12.38 3 0.734 9.23 3
22 0.173 35.80 16 0.455 43.64 16
23 0.209 22.48 7 0.574 28.97 8
3 i FeA0.75 + 1.81 ¢ 1..00, Ho ™ & FHRR AT 5 &R & 5

3 T T AT U] e S R L X,
LA R LA N E Y T AR
DX 5 T o B (R ) 3% 3 1) e g A1 1
DXk, S AR 5 6 b ) I BLEOR OR
AP AE N 2 5 (9 2 il h A B (8 1 rp b
RN 2 5™ i 5 ) 4 AR — 2, (E L R i)
BRI BRI 3R 5 e v T £, TR T
L RER BN, B i, BT LU SR o0 7 v, B )
U A PSS R, B PR S REE Y  ARBESE
AR S5 (0 b PP AR AT 2 5 U0  BRAE B 0 G

T BRERE &Y BF 5 & B 1 b T EUIE L W
AE BPAEAECHE 1.3 1 1.9 ¢ 1.0 B A P2 4 FTRKRT 5
Eoaim, XlfeR&i FEe 5k 11
BE HAEME T SRR O S A TR S AP 25 5%, A
TR P 7 B R T A AR [ i 22 T
AN FTE SRR A T2 R, et 5K X
JUTE 2 5 7= g R B R % i PR 3R T — R 5T

- R R BUSCA S AR, SR R SRR B
RN FE R AE S AR A FT A
ZA TR Al A, JARXT L A+ R RN 2 S
SRS AN BB X 7 A A S A X
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2023 4F 45 39 B 1

AT RS TR AT - A X 56 € - R AR Y )1
12 SR R HAR R . IR S IR R,
AT R SRR ) B i AR B 2 A
KX G AP LR 3

P AR R T 3R Ry R 28 R S T 5
B, WRATHA 2 A0 57 BRI 3R 2 0 g S B 1| T 0
JiRE ) BRE AT g R IR, BT A AL A A TR
B ER TR TR AR, PRARESEY PR R,
NEATEAEA AR R P R KT R % i SR A
PR R i B W IEADG, TEAMF IS 2 SR
H R T A 2R 0 5 BRCRIT R & B R T 0. 1%, 4%
A EZ ) RLE . AT AL BRI B
T X 1 28 AR5 38 % k145 M Sk A > U0 >
JIES, eF S BT A 28 19 5 i) Ayl S > R0 > AEE
BRI A2 e S R ) 2% % IS i 2 52 IR
A RN S S T 2 A B R ARG,
AR AL it P 2 5 R A 3R & B 2 A OC . BRAR SR
SRR BRI X )1 F O BRI 2R
SR 2 S R BT R B, BRI S
RRCHITH 2R 2 1 5 BAF G, BT e ] 2 5 7 BRI A R
Fi R IEAC A A R 5 H S, Hitem)i
FIE 37 O A T, RS PR A HLAY A
FE BERE BRAC it i K e L, St AT DA AR i L i R
BT, T P R g 5 1) 1827 347.68 kg/hm® | BRI i
FAWCHTEA 3R & 54 AT 3k 0. 28% 0. 15%, X
SR XA R AL T R N e 5, S B
FH3 b, e b A5 TF J AR 7 B8 T SR

4 45

Al it 3 IR 5 /K ZUOE A [mlA Jie e 240
BT, #A T UARIE BEAE PRI S B AR
PS40 TR Y 1 R B8O G B e R AR
Y PR i AL S AT A WAL AN I i
HOITE 2 5 i A 25 m, B AL -HR AL X ™= ik
AAZHAEN . FIFHBEC TR OLA 5 6 1 bR
I 2 5 At BE JE 7 - 800 i P 3 49233.73 ~
283.36 kg/hm” . % AT jifa H & 4 1 380.66~ 1 522.04
kg/hm?® B AC it FH 2 215,142 ~ 240. 03 kg/hm?, 4
JIES it FH o T 25 7 A S R A
XF S RRHTEH 2R 5 B B VRl ARy B ks
T2 LA I T A5 i, 24 AU i 1 6 2 240.39 ~
276.58 kg/hm”, i BE i JH & J9 1 097.69~ 1 197.45

kg/hm?* , 4 A i FF o4 163,12~ 185. 91 kg/hm” i A
D S8y iy b it v 5% €0 A R ORI )1 1 2 5 AR BRI
FOM 5 BT 2R % i, e e K O I B RN
DTOPSIS 725G VAN [ B FE0E €4 4= v )1 2 519
77 R OB 53 7 1 W B U NIE 58 RO it P =
4 193. 40 kg/hm? , B A0l FH 5 4 1 449.26 kg/hm?,
BTt A 239. 88 kg/hm?,
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