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Effects of combined application of nitrogen, phosphorus and potassium fertilizers
on yield and distribution of active ingredient in organs of C. tinctorius

HU Xigiao'*, CHEN Hongzhi’, WU Peihong', LU Yaoyao',ZHOU Baoying', YANG Wenping', MENG Li'
(1. College of Life Science and Technology of Henan Institute of Science and Technology, Xinxiang, Henan 453003, China;
2. Collaborative Innovation Center of Modern Biological Breeding, Xinxiang, Henan 453003, China;

3. Department of Biological and Chemical Engineering, Xinxiang Institute of Technology, Xinxiang, Henan 453700, China)

Abstract; Field trials were carried out in the experimental site of Henan Institute of Science and Technology in
2018 and 2019. The study used nitrogen, phosphorus and potassium fertilizers with four levels including no fertilizer
(NO, PO , KO), low fertilizer (N1, P1, K1), medium fertilizer (N2, P2, K2) and high fertilizer (N3, P3,
K3). The treatments were T2 (NOP2K2), T3 (N1P2K2), T4 (N2P2K2), TS5 (N3P2K2), T6 ( N2POK2), T7
(N2P1K2), T8(N2P3K2), T9(N2P2K0), T1I0(N2P2K1) and T11(N2P2K3), and T1(NOPOKO) as a control
group. Bainong C. tinctorius No.1 was used as the trial material. The effects of nitrogen, phosphorus and potassium

dosage and ratios on yield of C. tinctorius and distribution of active ingredient in different organs at different growth

I #s B #A.2021-11-23 & 8] B #:2022-04-21

EL2TR . [HE ARBERES (31540040) ; A BHE WOCTT H (222102110415) ;2018 4 1 BE 25 3 T A IR 55 40 B4 351« 4 [ v 28 5 Y 3
ATH” (WFE(2017)183 5) 52019 4R IR 55 5 ORI RE 1824 B 4« 2 E 25 RS A 5 5 " (041:(2019)39 5) ;81 %
TRHEH I (6G2021023)

TEBEE N A5 (1971-) Lo, MR REBH W, S R0, 25+ R 2T AR 5 9805 IT & S5 R HIFS . E-mail : hxqiaol @ 163.com

BIEEE HOCE(1971-) 58 R B BIHUR A S0, E 2N FAEY R B4R FFSY . E-mail ; yangwenping1971@ 126.com



54 T2 XA A5 41 %

stages of C. tinctorius were investigated. The results showed that the flower yield of C. tinctorius increased with the
increase of nitrogen dosage, and TS5 was the largest, which increased by 59.44% compared with T1. With the in-
crease of phosphorus and potassium dosage, the flower yield showed a trend of first increasing and then decreasing,
and T4 was the largest, which increased by 42.87% compared with T1. The seed yield of C. tinctorius increased
with the increase of nitrogen, phosphorus and potassium dosage showed a trend of first increasing and then decrea-
sing, and T4 was the highest, which increased by 116.52% compared with T1. The dosage of nitrogen, phosphorus
and potassium and the ratio of flavonoids in different organs in different growth stages of C. tinctorius had the same
regularity. The flavonoid content in the leaves and stems showed a trend of first declining and then rising, while the
flavonoid content in the root gradually increased. The content of flavonoids was leaf > stem > root from seedling
stage to mature stage. Nitrogen and potassium inhibited the distribution and accumulation of vegetative organ fla-
vonoids into flowers, and phosphorus promoted the distribution and accumulation of C. tinctorius flavonoids into
flowers. The accumulation of flavonoids per flower was the highest in T9, followed by T4, and the ratio of the accu-
mulation of flavonoids in flowers to the accumulation of flavonoids per plant was highest in T3, followed by T2. The
content of hydroxyl safflower yellow A was relatively high when there was no nitrogen, phosphorus and potassium,
and kaempferol had nothing to do with the level and ratio of nitrogen, phosphorus and potassium. Nitrogen, phos-
phorus and potassium promoted distribution and accumulation of flavonoids in the seeds and T4 was the best. With
comprehensive consideration of C. tinctorius yield traits and quality, T4 (N 225 kg + hm™, P,0, 150 kg + hm ™,

and K,0 150 kg - hm™) was the best fertilization plan for nitrogen, phosphorus and potassium levels and ratios in

C. tinctorius production.
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214 ( Carthamus tinctorius) J& 1 ~2 a 4= 2GR} 5
AAEY DAEA S A 2 T I HORE 1E R 2
DEg > TR R B R R LT AR (G
F ACHYSA) O PR AL R 7 A R B s A5 4
PERZIE A | 3b 5 Ho A R PR B 285 DIAH G, 5 il s 404K
FPRLP™ d HAT BAR Y 35215 38 H A2 PR35 52 Wi B
AW PR Y B S R R AR R
HEAVLS YA ITE, 7] IR A K &
7.2 5lRENTL, EHEEYDOCEEN HE R
R 6 B R AL 7= 1) 10 3 i 45, 8 W 0
BERE P B W A ) 7 s A AL BT, H AT, AU
PRLAE 7 AR CREY D Saiet
WG B A AR AR RIS h R A TR
AIFEHT AN TRIVERIAE 224 b DX B 1 Rl i %
BCH WA, ARk, F NN AL 4
JE S AL R Ay T T A
2 TELLACAR B At IE 45 07 T AT T — 2L A 5T
N2 ARAE O B 5 T B AN AR O X 5 4 A e
SR, R BE T RRER R i X S5 2067 =
TR ISE R, TIRASE > BT T B S 4 4 b T
PR AERHIC LE , 5k > RIS T 40467 B S K
A IR 2/ N BRI TR R ORISR AL
A6 T 5 BRI L S B B 06 R B R A5
FE T AL EL AL A KR e 0 SR, 80 25 4 BT

FE T LLAEXT BT A Wl S SR, BRI
SR BT B 55 0 X i AE Ty sl K B R G
B R KRB [F) A S LR 2048 7 ik
SR 3 W S AR S oy BE s oL, HLAZLAE
7 DX SR JH B AR B B P B A I —
RIS BIEAL 7 3, i g AR AR R S 2 1
AN I 3 252 A% G it AL WL & A E B 22 55 AR DL Y
S, 80P i R s R W A P B B AN R 2, D
T 0 SRR B L9 O R, A AT S B S AR
G5 AR T LLAE - ML B ER T, I, BER S
PR U B0 B R E LE, DA NS sl it T 5, i e
FROPRI AR BN THELAEA: 7 K 2GR0 S o
ME RS, AR 34147 IR B 7
S ST T RIS AS () it P e S e X LD A AR
ARBIFZME AN T R0 B AN [ 4 S e bE T 2048 AR
B E TR RN W S 5 s AE T Rk
AR R A MILARR T, B L™ X5 B
TEEAE K 2544 TR AR S (AR Al

1 MRSk
L1 ORI
Ik A T B R 25 5 0 6 R U

FATEERPOETHE AL 1 5 (BH-1,4
rh 22 2019010)



5513

W T 45 SRR T 0 167 i b HAT BAO A4 B R 3 E B R 55

1.2 it

R T 2018 4 10 H 9 H—2019 4£ 6 A 30 H
FEMT R R F B i 5 H SR AT, 3 1, B Al
FEAEY) A Tk, i 6 LAl 4 398 AL MR G R, pH
8.01, AL & 15.9 g - kg™, A & & 92.45
mg - kg™, HAHE T 8.92 mg - kg™, BALHN S a
132.53 mg - kg™, I = EE (A BB UK
S (TR AR | HRAE A ) i AR 56, UK B TE AR
(NO) JEAE(NT) A (N2) L5 0 (N3 Jiti FH 45 1)
47 0.,112.5.225.0,337.5 kg - hm ™ ; B (P,0,) Fl4f
E(K,0) Wy e (PO, KO) fKAE (P1, K1) . B
(P2,K2) B (P3,K3) Ayt FH = AR ], 439014 0
75,150,225 kg « hm™, AR “3414 5K 7
MIPEAC T 58, S5 AR FH 4= 33 4L 35 bk o R A 555 it AE S
A, AT A B B R R R R R P ARt A
WA, 53— R FEAS Rt F 2 2048 7™ 5 AL
JR#Y 5 W, L TL (NOPOKO ) 4 XF MR, ¥ T2
(NOP2K2 ), T3 ( NIP2K2) . T4 ( N2P2K2 ). T5
(N3P2K2 ). T6 ( N2POK2 ). T7 ( N2P1K2 ). T8
( N2P3K2) . T9 ( N2P2K0 ) . T10 ( N2P2K1) | T11
(N2P2K3) A [a] AR RO it /K S, 3 11 AN b3 &4 3
W/ TEALA 30 m*(10 mx3 m) ,BRATHE N 15 em
x40 cm, VU BEORIPAT, 52 A BEALHES] . ZUIE R PR
R (& N46%) BN BERRES (% P,O5 12%) , 41
HEAFRERAN (5K,0 52%) ,60% R NE AT wE TR Jy
FERE— Uit , 40% Z0AE 14 350 40 I 22 1 I 3 R it
N AT FIAR T AT A HE K 1 WK, S5 A K TP B 2
YR, At FH [B) 45 B Rt AR ]
1.3 MEMBS5HE

Ay ITELTAE T 11 (2019-03-24) AEFE A (2019
-05-26) JREW (2019-06-27) , A /N X FfHLIE
HRLTAE 10 BRAHT 12 P, P8 A SRR AL 7= i R LRk T
PR KRR SRR AR 2K i A B B R
B AR, B 105°CHEF N AR T 40 min, 60°C fH i
LR E T He a8 B S TR AT, Wit i &5
KRR LA 4 Wl E IR &R e
= (BRLRRAL ™ ik B AR Bl o ) X RIAE 2, BB
AL BT AR = A6 rh B B B AR AL 7 i, R R
M R A = X (AR A A I B O N 2
), R HPLC SRR R R AT fE B % A Ml 2z
E3p A
1.4 #HELE

¥ A Microsoft Excel 2016 FlI DPS 14.5 ( Data
Processing System ) #£47 55085 Zb BN SE 114347 .

2 ERESH

2.1 AN ARAEHNPAREESREEMSE
ap=A

211 RERAEZNLREAREAFTNHEEEHW
ST a3 S BT BRI KT A ) 45
PR AN R 2 F X 20 46 2 7 3045 2 o B 2
SR AT T (1), DT S 3 B, 21 A6 4% B
M o R >ZE S Bl AR F MR AR B
i 5 B T S RN, SR LA TS A T2 A AR A, B
WIS BRI Y 3.28 £ 311 % 22 A g
il & Y R TG LTS T4 A3 5 110
AR, FEH rp g R 5 T R B2 B K, 38 58.14% , B
A 55 1 JOIAE LU IR RE AV 20.46% , 6 W] 4675 10 2
i S ) ) A A P A BE S T2 5 T A B, A6 P B TR
RN T 46.53% . BESEILAKFARE S5 4F R BE
AR I, £ 40 BAE o B 5 R T R
P T 0 R A b SR A ARG, BE AR
IR IS T FEJE LT 5, T4 T KR R i
K, 5 T1 AHE R 40.39% , BLHA A E N HE KA
T B ] 4 T 53 TE 5 0 45 A 3R e P e R
R TR, B AR R, A B
BTG LIS, DL T2 M TS MR, 5
T1 A2 AN T 7.43% 6.28% ,T3 . T4 5 T1 #H
A R T 4.63% .6.76% ; B A& % FH &340, i
BN R e T T HERSE TR BT
RS LU TS T4 F1 T2 AEX RS, 5 T1 AH LA )3
JNT 28.98% .19.19% ,16.29% ., itk w] WL, 7 TC A 5
PR B ACAR T AR R B ) A B S R
PR AE AR RIS T, AR RIS AR T e i
il e AT A A TR R R R R T

212 BERENLLARATHHEE T |
SF T Hrh 3BT AU AT K A R 5
PR AN 25 R T 2046 A 7 0045 2 B I A
PSR AT T 2) , DN SIS s i b e o
AR S R E A, B T8 4, ¥R M Myt
SZESHR, P A B R AR b B B s
K LA T8 1 T6 AH XA A, i3 W 43 i1l Ay 1 491 1Y
2.794% \2.13 fi5, i rp R A R BN S T RS BT
[ HA T 1 T7 25 v B & Bt a2 i s, oAt 4 2
B TRES ETR &3 Ay Jowhk R A 2
T6 ¢ T1 AL P B & & N R T 36.78%., ZU47if e
AR S50 T, BEBE 2R 514 I, A6 2 % =
FIR TG SR LTS RelE T4 T8 2
Fim T TL, 5 T A B T 31.86% 86.13% ; 4E



56

TR X A RFFE 416

50
451 A
A
T dof 4 ab
o0 a a a A
M I a a
W 35F )
£ b c
= 30F
3 ¢ /4
g 25r A B b a
3 b B AB/ B
: a a a
Z 20 a b b
=SS & a
10 bc
C Cc b
C C
be be be
sk
0 (5] i) 5] [} () [} o ) ) ) ) [} o [} [}
o0 o0 o0 = 20 0 o0 0 0 0 0 = en = =
< < < < < < < < < < < < < < <
5 B 8 5 &% = % % = 5 % = % % =
&0 = 5] o0 k=] 3] &0 =] 15} o0 k=] 3] 20 o 3]
= = ‘5 = = = = = = = = = =1 = =
= m = = m = = m =1 = m =1 = m =
= — < = oy < = jamy < = jamy < = — <
5 = = 5 = = 5 == 5 = = 5 = =
R ©w B oz ©wo oW o= » #E ooz 2 Bo=
& = i = | = = = | g
Tl T2 T3 T4 Ts

- I 3 Growth stage
4b ¥ Treatment
O H Root O £ Stem A it Leaf O 7 Bud ® ¢ Flower ® 1 I Bract * fl - Seed

BN ERFORIR 25 R E AR A B I 0.05 KOV 1255 BN, KE FRFORE AL R FFAR
[FILL BT 0.05 /K b 285 3V AERR S50 B B0 F Z3 0 R 4R B8 i 28 AR S T T R A B 435
FORE I R 2R RBREYE, T,

Note: The lowercase letters in the figure indicate the significance of difference at 0.05 level in the same organ of root, stem
and leaf at different reproductive stages. The capital letters in the figure indicate the significance of difference at 0.05 level in bud,
flower, bract and seed under different treatments. The letters of bud stage refer to the significance of flowers, buds, leaves, stems
and roots respectively from top to bottom, while the letters of mature stage refer to the significance of bracts, leaves, seeds, stems
and roots respectively from top to bottom. The same below.
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Fig.1 Change of flavonoids content in different C. tinctorius organs in different growth stages under different nitrogen amounts
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Fig.2 Change of flavonoids content in different C. tinctorius organs in different growth stages under different phosphorus amounts
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Fig.3 Change of flavonoids content in different C. tinctorius organs in different growth stages under different potassium amounts
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Table 1 The yield and distribution of flavonoids of C. tinctorius flower per plant under different
amount and proportion of nitrogen, phosphorus and potassium fertilizers
gb BRI AL T & 1/ (mg g Jkﬁﬁﬁgfﬂﬁ{mg iﬁi*ﬂ?ﬁmﬁ%ﬂ%ﬁ/@g 57 5 L%
Treatment Flower yield per plant Flower flavonoid Flower ﬂavo'nmd Flavonoid accumulation Percentage
content accumulation per plant
Tl 1.64+0.13cd 13.84+1.73cd 22.73+3.19d 867.88+18.73ab 2.62
T2 2.00£0.08bc 20.28+1.01bc 40.54+1.88abc 851.20+17.37ab 4.76
T3 2.20£0.39ab 18.44+5.24¢ 43.52+10.66abc 751.71+£10.43b 5.79
T4 2.35+0.33ab 18.25+4.52¢ 46.48+6.11ab 1177.65+36.43a 3.95
T5 2.62+0.13a 14.35£5.02¢d 44.51+0.94abc 1094.52+11.40ab 4.07
T6 1.24+0.36d 8.75+3.61d 15.86+4.90d 871.03+14.54ab 1.82
T7 1.93+0.19bc 8.19+3.87d 24.12+1.79d 992.68+8.06ab 2.43
T8 1.33+0.32d 25.76x1.14ab 34.49+9.13¢ 1203.10+13.02a 2.87
T9 1.58+0.25¢d 31.46+1.89a 50.03£10.13a 1064.35+21.85ab 4.70
T10 1.91+0.21be 18.69+0.99¢ 35.57+2.65bc 971.79+21.81ab 3.66
T11 1.25+0.13d 19.14+4.54¢ 23.47£2.95d 977.12+12.20ab 2.40

T B SR R 22 REARBON 10, [RISVEUR R A R/INS PR 30R 22 5 B35 (P<0.05) ST o LU IR AL s B R AR i 5

PREH R A Z L, R 3R,

Note: The data format is mean + standard deviation, the number of samples is 10. Different lowercase letters within each column mean significant differ-

ence (P<0.05). The percentage is the ratio of the cumulative amount of flavonoids in flowers or seeds to the cumulative amount per plant, the same below.
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52,
23 EMMEARFERREALERER A MWL
3 R B IEACE A R A4 B AR
FHRERG N, 04646 B 2R, DL TS A1 T4 A
XTS5 T AL 53 3 N 59.44% (42.87% ; 46+
B AR A FRELRTNEE LIFHEE L T2
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SYRE B EKT, P ILRRSEEANFA.
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Table 2 The yield and distribution of flavonoids of C. tinctorius seed per plant under different

amount and proportion of nitrogen, phosphorus and potassium fertilizers

b3 HERRE TR/ MR/ (mg - g7!) Fift 5B R A/ mg AR B R A/ mg BT i Le Al %
Treatment Seed yield per plant Seed flavonoid content Seed flavonoid accumulation  Flavonoid accumulation per plant ~ Percentage
T1 8.70+0.35f 14.17+2.15b 123.81+23.16¢ 867.88+18.73ab 14.27
T2 10.91+0.58def 16.48+1.02ab 179.52+1.68bc 851.20+17.37ab 21.09
T3 13.41+1.91cd 14.21+1.72b 192.84+50.16hc 751.71+£10.43b 25.65
T4 24.16+1.97a 16.90+1.39ab 352.14+88.41a 1177.65+36.43a 29.90
T5 18.01+1.46b 18.28+1.78a 329.98+48.80a 1094.52+11.40ab 30.15
T6 9.79+0.52¢f 18.10+0.87a 177.01+6.16bc 871.03+14.54ab 20.32
T7 12.74+2.05¢d 16.45+0.85ab 210.08+39.91b 992.68+8.06ab 21.16
T8 19.23+0.58b 16.92+1.33ab 325.18+22.36a 1203.10+13.02a 27.03
T9 11.25+1.87de 16.00+0.88ab 181.11+39.28bc 1064.35+21.85ab 17.02
T10 14.66+0.85¢ 16.28+2.64ab 238.38+39.26h 971.79+21.81ab 24.53
T11 18.12+1.36b 18.53+0.36a 335.68+21.08a 977.12+12.20ab 34.35
x3 AREHARAERELTARSEREEAREERTANLETEZSE
Table 3 The yield and contents of HYST and kaempferol of C. tinctorius under different amount
and proportion of nitrogen, phosphorus and potassium fertilizers
1€ Flower T Seed
b3 s BRIELLAEEAR A AR P PRI AR A IIFS S
Treatment Yield HYSA Kaempferol Yield HYSA Kaempferol
/(kg - 667m?) /(mg-g") /(mg - g™") /(kg - 667m?) /(mg - g™") /(mg-g")
Tl 16.42+1.31cd 13.71+£0.90de 0.942+0.003a 96.63+3.92¢ - -
T2 20.00+0.76bc 14.67+0.16abc 0.940+0.005a 121.26+6.48def - -
T3 22.00+3.85ab 13.77+0.38cde 0.939+0.002a 148.98+21.19¢d - -
T4 23.46+3.30ab 13.93+0.88bcde 0.938+0.001a 209.22+16.54a - -
TS 26.18+1.25a 14.41+0.63bcde 0.935+0.003a 200.11+16.25b - -
T6 12.40+3.57d 14.48+0.14abed 0.945+0.001a 108.90+5.75ef - -
T7 19.29+1.94be 15.37+0.23a 0.942+0.002a 141.54+22.73cd - -
T8 13.32+3.17d 14.08+0.73bcde 0.937+0.002a 207.00+6.45b - -
T9 15.83+2.49¢d 13.51+0.73e 0.935+0.007a 125.02+20.82de - -
T10 19.09+2.11be 14.81+0.25ab 0.948+0.003a 162.88+9.49¢ - -
T11 12.46+1.26d 14.34+0.35bede 0.937+0.003a 201.36+15.41b - -

T =" FORTER IR LT

Note: “ =" shows the content below the lower limit.
3 3 1w
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