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Effects of combination of nitrogen, phosphorus and potassium on the yield,
quality and the related enzyme gene expression of Atractylodes chinensis

FENG Yu-zhuang, XU Wei, XIAO Chun-ping”, WENG Li-li, SUN Jin, SHI Ting-ting
( School of Pharmaceutical Sciences Changchun University of Chinese Medicine, Changchun, Jilin 130117, China )

Abstract: [ Objectives ] The suitable combination of nitrogen (N), phosphorus (P) and potassium (K) fertilizers
was studied from the yield, atrctylodin content and the activity and gene expression of acetyl coenzyme A
carboxylase (ACC) of A. chinensis, so to propose a scientific fertilizer combination for improving the productivity
and quality of A. chinensis. [ Methods ] A field experiment including 10 combined applications of N, P and K
fertilizers was set up following a L,(3*) design, with one-year-old Atractylodes chinensis as experimental material.
The fresh weight of aboveground part, rhizome, and fibrous root of 4. chinensis were weighed at vegetative
growth, flowering, early fruiting, full fruiting and withering stages. The plant samples were collected at the same
time for determination of atrctylodin content by HPLC method, the ACC activity in rhizome by double antibody
ELISA method, the relative expression level of ACC gene using real-time PCR. Spearman correlation analysis

was used to determine the molecular regulation mechanism of atrctylodin synthesis. [ Results ] All the NPK
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combined applications promoted the growth of aboveground part, rhizome and fibrous root of the crop. The most
significant effects were observed in T3 (N,P,K;) and T6 (N,P,K,), the fresh weight of aboveground part were
respectively 1.52 and 1.47 times that from N,P K, at full fruiting period, the fresh weight of underground rhizome
were 2.08 and 2.09 times of that from N,P K, at withering period, and the fresh weight of fibrous roots were 1.30
and 1.41 times of that from N,P K, at withering period. Compared with N,P,K,, T3 and T6 increased atrctylodin by
33% and 61% at withering period. Moreover, according to the dynamic accumulation characteristics of atrctylodin
in different growth stages, it was speculated that the most important period for atrctylodin accumulation was the
withering period to the next year before emergence. According to the results of correlation analysis, the correlation
coefficients between atrctylodin content and ACC enzyme activity, ACC gene expression were 0.66 and 0.583,
respectively. The correlation coefficient between ACC enzyme activity and ACC gene expression was 0.839,
which reached extremely significant positive correlation (P<0.01). Treatment of high P with low and medium N
rates improved the gene expression of ACC and enhanced the ACC activity thereby increased the accumulation of
atrctylodin. While high level of N and K inhibited the gene expression of ACC, thereby decreased the
accumulation of atrctylodin. [ Conclusions ] High level of P fertilizer (225 kg/hm?), combined with appropriate
level of N (90 kg/hm?) and K fertilizer (315 kg/hm®) or P (225 kg/hm?), N (180 kg/hm?) and K fertilizer (105
kg/hm?) are beneficial to the yield of 4. chinensis, which will stimulate the gene expression, enhance ACC
activity, and promote the synthesis and accumulation of atrctylodin.

Key words: Atractylodes chinensis; combination of nitrogen, phosphorus and potassium; atrctylodin;
acetyl coenzyme A carboxylase; gene expression
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1.3 R

ARWFFERI Lo(3*) 1L, &R B, #1314
N, 4 K. SR AR A R BC He s A it F 5 28 0
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ANFAEEEC Ty, AR EE 3 WS, B/ XA
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33.4%; BENCAERAHENE —R M A L5, 2 DGBIER)
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Table 1 Fertilizer types and rates in orthogonal
experimental design of L, (3*)

JifiFH i Application rate (kg/hm?)

R b T WERRES TR
Code  Treatment RE Calcium Potassium
Urea superphosphate sulfate
TO NPK, 0 0 0
T1 N.PK, 90 75 105
T2 N,P,K, 90 150 210
T3 N,P;K, 90 225 315
T4 N,P K, 180 75 210
T5 N,P,K, 180 150 315
T6 N,P.K, 180 225 105
T7 N,P K, 270 75 315
T8 N;P.K, 270 150 105
T9 N,P.K, 270 225 210

14 REHRRE

BRI T 5 H 25 HEEHk, BRI ERKK
P FUWAE R AR D BEIORE . FERB RS 30 K
CEFRARKY, %1 KBEAE). 60 K (4£1).
90 X (IR, 5 2 WBAERTJE) . 120 K (EAR) .
150 K (FHZE ), LI FATFEHL 6 PREEHLIRFE
IURE B AL AR A VKR M 5200 2, B2 b3
Ay, VM TR TS R OK 4R T R K4y,
HREZERE S o3¢ . WA, S FF T-80°C vKAfi % M .
Pl AFES RS, BT, it 3 % (0.355+£0.013 mm) fif
#H.
1.5 ARAEHEKLEIBRMIRZE~ENE

SR D N NS O 15 £ S L N B D
AR . 43 A AR M B35 . T AR
ZEFNRAL, WK e K 400 TR oK 41, K
WPk, W e Il SR .
1.6 AEIAEHEARZZENE
1.6.1 i $I8 2020 i (2t ) T3
ARSI E L, HESORHE SR ERES
AT ED,
1.6.2 X B AL R il B AR F T
ain i, REEARE, I EEHIALAE | mL B 40 pg 1
W, VRN AR IR A

BARGHAR 0.2 g, K%FRE, S8 2020 hit
FEIZ580 ) T A AR S il ik, i 45 il i s
W, BAEET 3 IRER,
1.6.3 ZMEMIA R B ARZ N RS (40 pg/
mL), BRI E N 4, 8, 12, 16, 20, 28,
36 F1 40 pg/mL MW, £ WK 10 pL &8 1.6.1 1
T S5 I AR P T AR, DS [V EE 1B R 2R
Xof B VS TROM R AR bR X, AR 1) 0 TR R AR AR Y
bR e 2, MBS ARRBIH TN Y=130776X+
86970, i FR%L r=0.9997, X} HE A FE 4~40 ug/mL
JEE P R AR PE R
1.7 BAREESRXHEE ACC EMNE

BACEARMRZE 0.2 g, IIATIRAY 0.01 mol/L %
FRELZZ WA (pH 7.4, NaCl 8 g. Na,HPO, 1.44 g,
KH,PO, 0.24 g) 1.8 mL, JIAMABIE, 4 <C T 10000
r/min B0 20 min, SR FHMBLIAIEO: (ELISA) I 5E
AN [) B BRI T 45 AR 3R 5 iOCHE i ACC G
KM ACC ARifEMZ A Y= 0.0128X-0.0192, r=
0.9997, WA 0~200 U/L,
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1.8 BEARZARXER ACC EERIEENE 2 ZER 500
A4 Takara A52058 FH 2 RNA S2EGRA] & 30 4
e 21 ERMEFER AR L AR B B

FRPALE AR ZE M RNA, /1 Multiskan Sky 42 K
TR B3SO 5 A i RN VR JBE B2 B8, o JHL S 2 s it
cDNA; LI cDNA H#itk, LLEF-1a'""h NS5 H
(£ 2), WIMINEFERNVARR . NFRF, XA
[FACEHICTHE T AR R A BOCHERE ACC A ik &t i
T, BAFEMIRE 3 M EYFESR .
1.9 Sitoh

K 200 A AT SN O E B PCR Z5 R AT
B, R B Excel 2010 #4758 Y4 5 1 79
AbEE, SR SPSS 21.0, GraphPad prism 6.0 #4744
I3 S EIIE 251

2.1.1 Hb |53 H & 3 Al 1, B N,P.K, Ak
B, JbEARM FREEEANAFN R EST
NPK, ZbBEAN, ATt Al A P 22 76 4 25 300 (0 2 v 1
NP K, Zb38, HjftAb#EE T1 5 T3, T5. T7 A &
FVEFEE R (P<0.05), T2. T4 5 T5. T6. T7. T9H
B E P22 R (P<0.05), BRI, T3, Te AbFH i
L EB o Sy A TO ARFRMY 1,52 A1 1.47 1%
(P<0.05). Z& Lnl%n, A[RIAE kLG T bE A= & B 4T
K, dbE AR H 1R fef T AR R e E PR T
FEmia s, HARBUK, haEUKE MR Es e A T
PRI A M EF AR, Bk L T3, T6 HtiftJy

*2 SATRAEE PCR 5
Table 2 Real-time fluorescence quantitative PCR primer

ii 51#))¥3" Primers (5'-3") Siziai?ie%rgﬁcts H U5 Source
EF-la 1E 514 Forward primer ACCAACTGGGTTGACAACTGAAGT 64 [18]
JZ 17514 Reverse primer AGCCTCGGTAAGGGCTTCAT
ACC E[6]51# Forward primer TCCAAGTTGGTGGCGGAAACAC 206 Bk T 2 25 R
JZ 161714 Reverse primer CGGTGACTGAAGCGGCATACAC Reference transctiptome determination
results (TRINITY DN15326 c0 g3)
3 TEABPEELIEILEAR M EE58EE (g/plant)
Table 3 The fresh weight of above-ground of A. chinensis under different NPK combinations
EEW (BRRJGRE) Growing period (Days after transplanting, DAT )
s i BHE K T LS BRI HiZ
Code Treatment Vegetative Flowering Early fruiting Fully fruiting Withering
(30 DAT) (60 DAT) (90 DAT) (120 DAT) (150 DAT)
TO NPK, 1.51£0.22 ¢ 2.17+0.31 ¢ 2.83+0.16 b 2.89+0.24 cd 1.71£0.25 ¢
Tl N,P.K, 1.83+0.25 be 3.27+0.50 b 3.50+0.42 ab 3.94+0.56 ab 2.56+0.40 bc
T2 N,P,K, 2.46+0.36 abc 3.75+0.57 ab 3.84+0.73 ab 3.61£1.02 abcd 2.91+0.39 ab
T3 N,P;K, 2.90+0.54 a 4.33+0.56 a 3.98+0.50 a 4.39+0.46 a 3.19+0.24 a
T4 N,P.K, 2.55+0.38 ab 3.99+0.39 ab 3.67+0.30 ab 3.87+0.50 ab 2.94+0.26 ab
T5 N,P.K, 1.70+0.45 be 2.49+0.56 ¢ 2.874£0.58 b 2.83+0.27 d 1.81+0.30 de
T6 N,P;K, 2.43+0.89 abc 3.70+0.26 ab 3.53+0.63 ab 4.25+0.39 a 2.21+£0.39 c¢d
T7 N;P.K, 2.30+0.24 abc 3.37+£0.36 b 3.24+0.89 ab 3.33+0.37 bed 1.99+0.16 de
T8 N;P,K, 2.45+0.95 abc 3.59+0.52 ab 3.80+0.41 ab 3.33+0.33 bed 2.89+0.22 ab
T9 N,P.K, 2.454+0.47 abc 3.36+0.53 b 2.93+0.61 b 3.70+0.46 abc 2.2440.25 cd

VE: H A X+Sd (n=6), —AF/EIAARRE AN SERI ML 1 FE 53 6E F Dy (0.85+0.31) g0 [AIFIRLAR G AR NG - RERUEAL BRI 22 5 1835 (P<0.05).
Note: The data were X+Sd (n=6). The fresh weight of aboveground part of 1-year-old 4. chinensis seedlings were (0.85+0.31) g at transplanting.

Values followed by different small letters in a column mean significant difference among treatments (P<0.05).
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2.1.2 JbBEARRZEEEE ik 40T, BRI
M, JbE ARARZEEEHE R N, P.K, 4L NLP.K, ZbFH
F 1T NP K, A BRAN At AT Ak 35 20 A3 A Al 25 10
3T NPK,, HAZEMA, NP.K, Fl NP.K, 4t
(1 AR =25 e 7 431 NP K, A FR[Y 2.08 F1 2.09 £%
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JEAE AR ZE e SRS R, HAEARIIG . h UK
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T6 Jiti I J7 ZEXT A A A b AR 259 B A 2R LA A K fi
HEVER

2.1.3 JtE AR i 2 5 Al A, 55X RRZH A
Ll , 78 35 A K 3 4 2R 5 it A A 38 200 AR M F A
1.58~4.00 g (P>0.05); {EFH], KR40 P2 Bfiwk
BPRIE it PR 0, AR R, T3 AR E
Alik 5.10 g5 AL PRFEBEAC i RN, A0 E A
SEREAR S THE (P<0.05), T6 AR H Ak 5.47 g
(P<0.05); e AAL P AR H 5 528 O B2 T
IS R, A% R Ak B ) 2B AR fif F K F
RO, Hd, RSB Te MR E ik (6.29
g), XA 1.41 £, IMASBEA T3 JiIRE &
J95.80 g, EXTHRAN 1.30 4%, 28 EalH, RFEAE
BHECHE T Bl 7 U SE K AL R R fof B 38 K a3 5
MR — 50, HAEWI G B st il A Rl Fab e AR

MR AR, MR E T3, T6 Mt RAEMEHEIL A
HRIARAE K
22 FBEFEAREEAEMIEERREFERE
2N

1A, AN RIRC L e AL BT,
FAERMIERRZ P ERESBRK, 7287~
5.56 mg/g; Ho, RAKHEEARR S ERER . R
it FH A 14 5 S B AR S TR R R A (P<0.05),
N P.K, A AR R S35 4.84 mg/g, A7 HXT
WEALAY 1.68 f5; b PRBE AL ME S 34, AR
ZoE B ERK (P<0.05), N,P.K, AbFIEARZE S &A]
ik 5.56 mg/g; 5 AALERA B AR AR As I
AR 1.23~1.43 £i5, (HEEBEALIEH =8N, BARE
iR B E NG, B 150 RAF, mALHEE
RESEABEBR S 30 REfMMLL, HAE
], N,P,K, fl N,P,K, kb iy R E & 20 54
NP K, 4P 42Tt 33% Fl 61% (P<0.05), £ ]
A, NP.K, b | N,P.K, 4 A F T I RARZE P
CAREZMME, EREAFEFTHNERZNIE
FRURRLAE, D ACAS ARG 2211 2 AR i a2 b
AREH BRI,
2.3 ABHEAREEMELIEX LB AR X REE O BEiE
i A $1LES (ACC) BRI

6 nJA, BANEFINERE S RO

®4 FEEBFERLEILERIREEEE (g/plant)

Table 4 The fresh weight of A. chinensis rhizome under different NPK combinations

HFHY (BARJE KEL) Growing period (Days after transplanting, DAT )

s i3 BRI T PR R HisE
Code Treatment Vegetative Flowering Early fruiting Fully fruiting Withering
(30 DAT) (60 DAT) (90 DAT) (120 DAT) (150 DAT)
TO NPK, 0.98+0.43 a 1.08+0.23 ¢ 1.80+0.16 ¢ 2.34+0.17 ¢ 2.35+0.12 f
T1 NPK, 1.07+£0.14 a 1.90+0.24 b 2.80+0.81 abc 3.83+0.94 ab 4.09+0.52 be
T2 N,P.K, 1.22+0.92 a 1.66+0.48 be 2.75+1.11 abce 3.69+1.46 ab 4.29+0.22 b
T3 N,P.K, 1.284+0.78 a 2.68+0.72 a 3.32+0.21 ab 4.36+0.31 a 4.88+0.36 a
T4 N,P K, 1.51+0.63 a 1.95+£0.69 b 2.77+0.74 abc 3.72+0.44 ab 4.55+0.34 ab
TS N,P.K, 0.86+0.17 a 1.68+0.73 be 2.2940.35 be 3.21£0.59 be 3.22+0.38 de
T6 N,P,K, 1.68+0.60 a 2.92+0.33 a 3.53+045a 4.56+£0.19 a 4.90+0.29 a
T7 N,P K, 1.55+0.68 a 1.69+0.25 be 1.93+0.29 ¢ 2.68+0.35 be 2.90+0.25 ¢
T8 N,P.K, 1.51+1.28 a 1.834+0.31 be 2.11+0.93 ¢ 3.22+0.35 be 3.36+0.40 de
T9 N,P,K, 1.81£0.42 a 2.03+0.33 b 2.56+0.78 bc 3.04+0.50 be 3.68+0.46 cd

Vi hxesd (n=6)c —AF/EALEARFE AR SLRIRZE G T (0.70+0.16) go [RISVEHR S AN/ NG FHEAURAE R I 22 52 .35 (P<0.05) .
Note: The data were X+Sd (n=6). The annual fresh weight of rhizome of transplanting A. chinensis was (0.70 + 0.16) g. Values followed by different

small letters in a column mean significant difference among treatments (P<0.05).
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x5 TRIAHMHOIELEILERIREEE (g/plant)
Table 5 The fresh weight of A. chinensis fibrous root under different NPK combinations
HEEY (BAS KEL) Growing period (Days after transplanting, DAT )
5 e EEEES 2 A BRI HiE
Code Treatment Vegetative Flowering Early fruiting Fully fruiting Withering
(30 DAT) (60 DAT) (90 DAT) (120 DAT) (150 DAT)
TO NoPK, 1.36£0.49 a 1.94+0.35 b 2.84+0.41 ab 3.62+0.35 cd 4.46+0.68 be
Tl NP K, 1.65+0.72 a 2.36+0.47 ab 3.59+0.42 ab 4.34+0.19 be 4.94+0.25 abc
T2 N,P.K, 1.974£0.49 a 2.21+0.76 ab 2.84+1.18 ab 4.81+0.38 ab 5.51£0.37 ab
T3 N,P.K, 2454041 a 2.59+0.18 ab 4.00+0.35 a 5.10+0.10 a 5.80+0.27 ab
T4 N,P K, 2.2140.24 a 2.96+0.61 a 3.20+0.32 ab 4.02+0.38 bed 5.70+0.28 ab
TS N,P.K, 1.58+0.54 a 2.22+0.53 ab 2.46+0.55b 3.35+0.53d 4.1340.42 ¢
T6 N,P.K, 2.49+1.02 a 2.63+0.19 ab 3.5940.75 ab 5.47+0.81 a 6.29+0.39 a
T7 N,P K, 2.39+1.43 a 2.95+0.28 a 3.20+1.02 ab 3.39+0.44 d 4.59+0.30 be
T8 N;P.K, 2.07+£0.82 a 2.17+0.78 ab 3.06+0.40 ab 4.28+0.88 bc 5.16+2.22 abc
T9 N;P.K, 1.99+0.48 a 2.81+0.19 ab 3.31+0.31 ab 4.16+0.25 bed 5.88+0.32 ab

T Bl xSd (n=6)c —4F/EILAEARFEARILRIZTAREE T (0.74+0.17) go FIFVEHE IS A/ NG S BEARAE I 22 57 1.2 (P<0.05) .
Note: The data were X+Sd (n=6). The annual fresh weight of fibrous root of transplanting 4. chinensis was (0.74+0.17) g. Values followed by

different small letters in a column mean significant difference among treatments (P<0.05).
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%5 KEL Days after transplanting

1 TEIRASHHRELIEILERPERRESE
Fig. 1 The content of atrctylodin in A. chinensis under different NPK combinations
e B Ax£Sd (n=6), —4EAEILERBARM LM ARZ S 7R (2.25£0.01) mg/g, +F EARF/NG FER AT 2 5 B3 (P<0.05),

Note: The data were x+Sd (n=6). The annual content of atrctylodin of transplanting 4. chinensis was (2.25+ 0.01) mg/g. Different small letters above

the bars mean significant difference among treatments (P<0.05).

ACC iEHERIETREE Lot 5SERESTEM
AL, EFAE KW ACC TR, N 260.54~
326.04 U/L, Hrf, Hzs x4, (IRALIERE
B ARG TR, ACC M RIS LT
P RIS PRI 1.15~1.22 4% ; T A AL T it
M & KB, ACC i M i® (P<0.05), T6
ACC TEPERT A 326.04 U/L; =AML HE ACC TH MR %5

FIXTRRZH Y 1.01~1.23 £, (HRfRE . B0
i, ACC iEMESE TR MBI ZER, AR A
BRBCHE T~ ACC G MR f ka3 5 8 SRR A L 25
AP, T3, T MEAl T A Rl TR AR R G
SR ACC TG TERY LT, HARE AR AT HNEARR
B 0 B R, AR Ak PR A R
ACC IETER AR R G U R



308 MY E IR 58k R 28 4
® 6 TRABPERAEEARES KX ACC EM (UL)
Table 6 The activity of ACC under different NPK combinations
B (BAFKE) Growing period (Days after transplanting, DAT )
= Ao HRAEK 1M LS A Hiz
Code Treatment Vegetative Flowering Early fruiting Fully fruiting Withering
(30 DAT) (60 DAT) (90 DAT) (120 DAT) (150 DAT)
TO NoP.K, 260.54+0.78 £ 264.60+1.49 f 205.33+1.37 ¢ 190.49+3.50 ¢ 214.45+1.03 ¢
T1 NP K, 319.92+1.70 b 269.60+3.25 ¢ 241.32+1.53 a 186.58+1.37 ¢ 229.55+0.59 ¢
T2 N,P.K, 300.00+3.58 d 255444140 g 215.70+1.34d 215.75+¢1.92 ¢ 215364293 ¢
T3 N,P.K; 306.77+4.69 ¢ 303.34+4.17 a 245.5842.17 a 228.77+0.98 a 220.44+3.91 d
T4 N,P K, 306.64+2.81 ¢ 277.83+£3.41d 224.60+3.05 ¢ 209.37+1.79 d 215.88+1.57 ¢
T5 N,P.K;, 302.47+3.50 cd 286.22+1.40 be 227.86+4.97 ¢ 189.19+0.90 245.44+1.96 a
T6 N,P.K, 326.04+0.45 a 289.7142.42 b 234.11+2.15b 221.57+£3.72 b 239.06+1.40 b
T7 N,P K, 292.31+2.15¢ 271.43+2.34 ¢ 213.80+2.60 d 189.45+5.67 ¢ 222.91+1.96 d
T8 N,P.K, 321.09£2.34 b 283.93+0.09 ¢ 244.27+0.22 a 205.59+2.54 d 230.0743.19 ¢
T9 N,P.K, 262.23+3.15 f 262.89+4.20 f 189.45+3.72 f 217.57+1.03 be 209.24+1.37 f

T R A XS (1=6). —AEAE LSRR AR SRS R 24 OCHERFACCIEYE N (207.761.84) U/L., [AISAGE IS A IR/ING F-RE PR 4 Bl i) 22
5.2 (P<0.05),

Note: The data were X+Sd (n=6). The annual ACC activity of the key enzyme for the synthesis of atrctylodin in transplanting 4. chinensis was
(207.76+1.84) U/L. Values followed by different small letters in a column mean significant difference among treatments (P<0.05).

2.4 %ﬁ%ﬁ%ﬁ*lﬁ@ﬂﬁﬁﬂi@iﬁt%#?&i@ﬁZHﬁ
g A RILER (ACC) EEHE FRIEEM T
MRYEE 2 AT, BAAEF N ACC B A X &
EELETNEE LTHESE . ANRABEOE T,
BIRARKY ACC M RA R, 7F 1.71~
8.16; HaspIxf 4Lk, %, AL ACC ik

S i A it P 4 Jn JE B S T (P<0.05), Hih
N, P;K; F1 N,P,K, &b B &, 40 5 2s PO ALY
2.29 #13.19 1i%; %fmﬂ ACC ik it Ry 2 v Al
1 0.86~4.10 fif, HFulEm A MBI T ACC £ik
i E TR %Eﬁ?ﬂ*ﬁ%,ﬁﬁ, N,P.K,. N,P.K, 4b3§
M ACC ik KRB . &8 LA A, N,P,K,.

10 ¢
a
‘ ONPK, ONPK, @mNPK, mNPK; 7 NPK,
81 b :i% a @ NP Ky §NPKy @ NsPKs @ NP K, m NPiK,
< 6t
— C
E—]/ C
&) def@m
o 4 7
< T é:f
ef éff
2 H ¢
I g::
0 é
30

F3% )5 KA Days after transplanting

E2 FERBMPERELEILERXREBER ACCHRIEE
Fig. 2 The expression level of acetyl coenzyme A carboxylase in A. chinensis under different NPK combinations
TE: B Ix£Sd (n=6); —HAEILEARBARN LR ARG MOCHER ACC HHRK N 15 A EARR/NG TR 40 BHH 22 5 235
(P<0.05).
Note: The data were x+Sd (7=6); The annual gene expression of the key enzyme for the synthesis of atrctylodin in transplanting 4. chinensis was 1.

Different small letters above the bars mean significant difference among treatments (P<0.05).
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N,P.K, b P4 F] T b As R ZE i OG5 il ACC 2
AR A R 82 T, HEIAR . A EUKE T ik
POATE o B G HERE ACC N KR, Lk
ACC WhEMESET:, JFt—PHMERZMER, HE
TRV A B O S T 234 il ACC BRI 3Rk, T
AR R IE
2.5 SRR AREC AR B ARORE s kb
A BERESEBYH T HEX ST
MPEARE G, KA ACC 6 I H IR R R 5k
wIEAT Spearman AICE T (6 7) AIHT, BAREN
Fr i 5 R ACC Ti5 PR RN 3 R e ik it Wt 3 IE A
X (P<0.01), FHICRE 5K 0.66 Fi10.583; ACC
PE5 ACC HEPK Rk &t 2 0 25 1EAH G (P<0.01),
L RHGE 0.839, ZE LA, wAREMGNAZ R
HERE ACC s, ACC RHILHF R ERZ A
WE AR T EEER.

3 e

25 IR A 1003 R 22 02 T 5 1) R AR AR )
B, HA RSB SIS AR SR, B
ypp i E T AR R LR, HIRAE
ARy 2 b4 o i S A R BRIk
WML AR R T RGP I 1, AL L HTAEAY
A PRC 2 245 FH A ) N T AR B 5% op ik R i e 1)
Bz —

WRFTAERR], BRI RTE HEAN U R L
EARMW AN BT, AT PUE S e AR s A
A U P CHERE ACC M H AL R, NS
Wi AR ZR S AR o SR AT IE & BE BCTE RE S fie
i e e N7 N [ - = 3 o 1 =9 7 D
ME, XEATARPIEER —, —J7m, ZAvEE
A BEPC It REAS AT AHR R 25 FAE A R, JE R
25 AR AL AR =K, 3 B A A K B I T
REMAMRM AR, REEE F R I EAR N
PR R AL LA R O 4 A A T i — 4R AR L

AR LB DL R T AR ZE | ZTAR A B,
R AL AR AR FEAR . P UK T 3 il e
[ R (18 o N (0 3 1 L N W 1 R o
E 2 R FH A e, SR A AR M L& A
KRB o = A A LG i A I AR v Y
EAET HhFD . AR AR RIS A ARG
HMARRE WA R, ZRGHh EAEE . M AR
JAR B T T il IS B A i 1, 7 R IE — o 7 1 [ B
SR oy SRR A BE B bR, ARAF5E &M T3
(N,P,K,). T6 (N,P,K,) il 7 64 FIF o 4 S v
ARARZER =5

Ty —Jr T, IR AR R e 24 F R A vk A AR i
WEZR R, YR N LUk b 3L 0 AR
BT (a2 . wiERER G Y, FEREYIAN C/N (B5)
R Wi me, b AR EBELRULEAR
RRNBRIII, AT R IFEAL . P REUKF T R
WAL A S 0, AL AR ZE AR R & & W E T
L, T3 (NP,K,). T6 (N,P.K,) HifIE 7 A4 F] T5AR
FHE, WAMRER S, fz6e D ER & =L
T AR R A, (HAE R AR I B AT 3145 A B
AR PR, XS] AT A AR . BT
U, U AT e AR X L3S AR T R I B
WA, ELBEAEXTANPFS00 | 22 A ORI 2% 24
M4 BRI TS AL A 5 (R Ve . R AR Ak
1) R AR Z L H AR, A5 1FF ik — 22|
FHAS[R] 3, 77 25 1 7% 58 RBR A1 — R 3R 2Z ] 1) ELAE LN
B X ACAS AR 254 5 A 5200

A0S 38 5 5 e A ) B R DR 1) 3k T A o
WA= &L, ST RE . B
TIPTS5 G OG22 AR GE S SRR W], T3
(N,P,K,), T6 (N,P,K,) jifi I Jr EfE % i E et b R
MRZEP AR R A OCHEEE ACC 7if M S 3 [H 3k it
BT, HEAEAFARKEFRNEARER G R
AR, HEIAR A . S RO AT E A e
ACC 151 . 88 ACC N Rk it AR R E L

RT1T BRESESXEE ACCEY. EEREEEXMEIF

Table 7 Correlation analysis of atrctylodin content with ACC activity and gene expression level

i H Ttem

L [HZRIA H Gene expression

151k Enzyme activity BTARE S F Atrctylodin content

LK F ik Gene expression 1
1% Enzyme activity 0.839*

BHARZFE S Atrctylodin content 0.583*

1

0.66™ 1

T+ FR UM BB AR (P <0.05), **FRBUNEEHSE (P<0.01),

Note: *indicates significant correlation in both sides( P < 0.05); ** indicates extremely significant correlation in both sides (P < 0.01).
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MR, CELHEG A RILEF (ACC) AR RIS FI R
W) TG G AR 1) O S il AR E Y . ACC 3R
KRG Z B AR AR WIFHREY, BIRIESAE RS
ACC Jt K R BT ACC 1hEeY, A4 HR
ORISR L MR AR, T s LA R 2R T
DCOFIA AL+ R hE T Ab s AR T R 2 A
FEHLHI AT Z5 18 G o BRZEE S50k AN [R) e
BHC bE 22 S PR M Wi OGS PAL . CHS. SS BEPY
Fekar, F I R R 2 A A A AR ZEER A Y A AR
H5MEA, FEk— PR S5 i ay 5 th 25k
AARII T 5Tl e 2 b i T

4 5

e B A R B B AL A A R TR T
AWML T ARG, JCHRB & B
T DR T CHERE ACC BYSEIR Rk R, B ACC
WP, MRS AR ME . AN 90 kg/hm? . #
JIE 225 kg/hm?, BFAE 315 kg/hm? BLEUE 180 kg/hm’,
WAL 225 kg/hm? . HFAE 105 kg/hm? & SIS AR 57
eI 38 A AR
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