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FELE T, A 25 ml 1 mol/L NaOH B A, &
HR% 30 min, B5.00 50 U8 250 ] 12 mol/L 1) 6
FRIRIL A pH 2.5, 2 h J& &0 L ARIR, e Bk
WO 0.22 pm WEF4EZENE, 38 HLPC Mw (GE
230 BT g R L ERGE . HPLC &40
Agilent1100 R4, £ M#+ 4 ODS-C18(4.6 x 150 mm),
WA Ol 1.3% BERR/KAW = 17:83, W 1
ml/min, M A 260 nm, FE 5K BRSO iR
B RIEA T e v, DA AR IEAT i s AT .
1.2.5  AS[R]AJSE 16 My 192 49 Jo b 3 2 A 4 15 1 1) 5% i
Z W SCHR[S], MR 4G A AE 1 A SERR I R (1 A
a5, HE/KECHEREA 0.55. 1.1 fi1 2.2
mg/L XA IRANE, 20 3idh Al A2
A3 WFRA ;. FHCPH/KICHIAR B 1,04 2.0 A1 4.0 mg/L
A FRAC R, 4> 3)id ok Bl B2 Fl B3 4b#igl; H
TCHEKBCHIREE A 0.7, 1.4 A1 2.8 mg/L {175 5 R AL PR
W, 4rHIACh CLy C2 F C3 AbE4]; HIEH/KIECHIR
JE4 0.5, 1.0 F12.0 mg/L (& Z RO, 720 A
D1. D2 F1 D3 &bFEA ; 43 UM R AR IR, TR,
BOMMEGTEL]:20: 1.4 : 1.0 LLHNES, FK
iR e 2,75, 5.5 F1 11 mg/L VR S By IR A 3
Sy mlid A E1. B2 FTE3. LATGHZK XS IR, 2 AbBE
TEAER MS B 7R R 9% 14 RINAGIEA R 35 K,

Ko 35 F 401648 10 78 1072 b B E I KA
5.
YL B IR SR S 7T

2 HR59H

2.1 FAEMEFROFEFRERE

WA SEAE A B IR 3G, A7 T R 2 A P A AR
Kb, AR 15 AEAAE, TFAEIT 4516 B AR SR
SOFRRE 1 AR 78.22% (K 1) BERAGALHI T ERI{E
R AR R SR R/, H AR IR A 2R B I, ki
15 SRS AL R R IAF] 100%. H4E7E 11 AE
0 LSRR A . AR BB RE AR
i o R YRR ARG 20010 2 BB T BUE MR AL
T2, KRR S Sa RRE T B E 2R . 7L
FRR, A Z RN IR, DL, RO A AT
BRI
2.2 AREEEERM TIEME M SRR

HH 2 mIA, & Kb BR 2 v R A B AR A
BV 5 g i n, A 15 AR L rh B H R 2
FIAE 1 F26 1611 219.98%, JEVE 7 5. 15 F L34l
W/ I LB Z D TR U] R E R PR, B
WAL, Al R BRI RE 3 AERE
B, BEJGEEBEAL, R 15 AR 5K

F1 FRMEERMFEERKERREFRZNE

Table I  Growth indexes and disease incidence of C. morifolium in different continuous cropping years

FHREAFRR (4 TR O 10 BR/hm®)

RIRZE (%)

18 (< 107 478K T tE (gt

1 938+0.35a 0d 1.93+0.17a 17.51+3.44a
3 9.00+0.11a 743+2.71c¢ 1.60 + 0.48 ab 1453 +8.18 a
7 825+025b 43.8+1.03b 1.38+0.29b 13.82+3.46a
15 734+025¢ 100.00+0a 0.50+0.13 ¢ 443+1.11b

I KPR BT RAR PR R 227 B3 (P<0.05), n=3, T«

F2 FRELEFER LIRREMEZHZM

Table 2 Soil microbes of different continuous C. morifolium cropping years

FREAERR (45D 4NE (x10* cfu/g)

HE (x10 cfu/g)

TR (x10° cfu/g) AIE/EHE (<100

1 11.74 +£3.03 b 7.04+0.40c
3 27.97+2.00a 10.18 +1.72 b
7 10.03 +2.06 be 12.38+2.04 b
15 7.42+0.53d 1549+ 1.33a

18.11+£2.60b 1.67
24.05+1.37a 2.75
15.14+£0.62b 0.81
9.65+2.16¢ 0.48

2.3 AREMIEE RN T IEBERY) RIS
P 1 A, F RS R A R IR AR
BN, EVE 15 SER R FEE RS RN 1.33 pg/g

T, B 1 AR 217.21%. XRIEOR R, AL
MRS AL 1 RN SRR, 1EE 3 AL A
JEIEHIEIN . AR 7 AE 15 AFAR B b BRI B A
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#, TESNN0.61. 093 pg/g +1.
2.4 FRMEERMTIERENPTES SN
B VR AE BRIV 386 i, 8 v ) G 35 B 2 O A
AF BRI I A, 1 3E pH R AR (R 3D,
& 4 w5, Mk &R M LI AR, B
HFORE AR M, M. B . SRS
BTN JEAE 15 PSRRI L T S e R S R
G T HAbAE PR AL B A 3518 o JE1E 15 4 )5, e &
W BRI AR 1 AR 83.37%.
57.31% 46.19%, 8. & . Br 05 0 A
R 1AL 47.79% . 57.48%. 43.92%. 58.87%.
69.32%.

WRAEERR OFYR OFZR

Sl

TR (46
B 1 EEEERM IR LY R ENFIT

Fig. 1 Soil phenolic acid contents of different continuous cropping
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*3 FREMEERMTIETELER pH B98N

Table 3  Soil elements and pH of different continuous cropping years of C. morifolium

FIRAERR () pH N (g/kg) P (g/kg) K (g/kg) Fe (g/kg)  Mn (ghkg) Cu (mg/kg) Zn (mgkg) B (mg/kg)
1 7.26 0.99 0.85 16.54 23.51 0.55 12.72 59.34 42.50
3 7.62 0.89 0.87 16.32 22.08 0.52 12.20 59.44 39.00
7 7.32 0.87 0.80 15.89 21.79 0.51 12.21 59.03 37.50
15 7.53 0.91 0.71 15.98 22.50 0.53 11.89 61.42 23.10
* 4 ARZEEFERMHFLEKRPTRESENTM
Table 4 Plant elements of different continuous cropping years of C. morifolium
MREAERR (FF) N (gkg) P (g/kg) K (g/kg) Fe (g/kg) Mn (mg/kg)  Cu (mgkg)  Zn (mgkg) B (mgkg)
1 15.69 1.71 18.77 1.13 50.82 20.79 24.8 32.79
3 14.93 1.72 18.76 1.06 50.25 18.1 25.85 31.54
7 13.27 1.63 18.97 0.83 48.39 17.13 19.58 30.64
15 13.08 0.98 8.67 0.54 29.21 9.13 14.6 22.73

2.5 EIREBERBRALIEX F LA SRR

FACPRA AR 35 K5, RIREEIAEIR (B1).
FHBR (CD R e RIS, (KK
JEIRFR AR HR (A, FHE (DD, BEM] (ED
O TG 35 75 5 o R S 1) B AR FRAH 1) (5 5 0 5
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E3 IR R 22 e i i 3 (GR 5D,

AAREG T, R I B T 0) B A6 A 55 T R Wi
K, (HBYRRFEAR, BRA—F (B 2). &Mk
PIRHRHER R (A MIFREER (B) WG, 5
ACAR AT RO ER B 2R 0, RN AR LG, X2 R
FITR (A W B LR B A K TG B 3 5, 75 R
(B) BEID A AEAR M BCRE FR KB, B3 4l B3,
HE R BRI AE AR R AR K. gk 5 mrn,
FUIR (O WFLE, Beb T 5 e I EE AR K

FE, C2 4HF C3 Ak, H Cl. C2 HAIERTLE
KA RE, C3 A AARIE AN AL 1, HARARA H.
FHFE (D) FRAER (B) SAAEARR I 5 1 (5,
F A AL B S 3 B PR T AR R A, D1
El A ERA R K45, D2, D3, E2. E3 iXFh
ZHEHE.

3 Wig

SRRSO I, AR ESF SR,
PRI SRR R 8 KR, ISR A
WUETE o B RO I, A A KT
SMEKKE, BHFEEFERNEK, SEDES
Beiadh . AR R BT N RIBFTUE R — 5, B i
BRI N, AL I AR ABOIOB R, P EBOROBAIR,
FEIEAE 15 ARt SRR A REIER LK, AR
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x5 FEBELCENHEESESEKOEN KL, EEREW T AAER R SRR E R
Table 5 Effects of different phenolic acids on C. morifolium plantlets REERE, MEEEN TERE AR, i 8
R OREGE G RK (em)  BETMINE (2 RUR AL UL R E o
Al 2100+ 141 ab 10.85+0.78 a 1.7340.11 ab HE AR R I — AR PR W AR, IR T
A2 19.00+1.41 be 1075+021a  1.54%0.01 abed REAMEEAREING, RiMubiEEEER1E—P
A3 2050£071ab  990£071ab  1.49%0.02bed K, BHEEMECERZ FRE . EERRR N R
Bl 19.00+ 1.41 be 9.80+0.57 ab 1.8140.01a SRR, TR — AN W A R, e
B2 19.00 + 2.83 be 9.05+0.64 b 1.65 +0.07 abc ﬁ?‘%fﬁ%ﬂ"w&/){ﬂﬁi’i%ﬂﬁT*E%ﬁiﬁiz%fa%?ﬂ@@
B3  17.50%0.71cd 6.15+0.49d 1.45 +0.03 cde R S Iy T P
Cl 1650071 cd 9.90+0.57 ab 1.78+0.11a B R e B T ok
&) 1500+ 1.41d 9.05+1.06 b 1.61 = 0.06 abed - - o
c3 15.00+ 1.41d 535+0.64d 1.42 % 0.04 cde FRICESL, AT B ORUE L B R TOR A REIEAT, IX
DI 10.50+0.71 e 7.60+0.42 ¢ 175+ 0.07 ab SETCARAE R A din U Py R B A
D2 1050£0.71e 235021 1.50 £ 0.14 bed EATSHPIFDE AR SO &Y s Fe R 5
D3 9.50+0.71 ¢ 25040.14¢ 138+ 0.04 de PIMISE, SR 0T FAR S A 1R S B g 4 F T
El 10.50+0.71 ¢ 265021 ¢ 1.75+0.21 ab AR b, I B A AT B R o v 2
E2 950071 ¢ 210=0.14¢ 1.50 +0.01 bed W, T S 2 R e R 2, AR
E3 9.00+ 141 ¢ 1.80+0.14 ¢ 120028 ¢ SR E R VR 15 R4 10 kR % 70 20 B
CK  23.00+14la 10.55+0.78 a 173 £0.25 ab

T SEHE R N PR TR R 14 K5, SGTE B e

T4 043 g.

W AR I A ARBRA, SX AT REE T IEAE 15 ), 4
TEMRARERAGS, MTCRWRE ) 2247 5. W B

E
(A: A3 4b2E; B: B3 4bBH; C: C3 4bB; D: D3 4b¥H; E: E3 4bB; F: CK &bED

B2 SREMEERACIEX FIEEIEERE KA RN

Fig. 2 Effects of high phenolic acid contents on root growth of C. morifolium plantlets
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Primary Study on Mechanism of Medicinal Chrysanthemum morifolium

Continuous Cropping Obstacles in Yancheng

LIU Xiao-zhen, XIAOYi, DAI Chuan-chao
(Jiangsu Engineering and Technology Research Center for Industrialization of Microbial Resources, Jiangsu Key Laboratory for Microbes and Functional

Genomics, College of Life Science, Nanjing Normal University, Nanjing 210046, China)

Abstract:  In this paper Chrysanthemum morifolium fields were planted continuously for 1, 3, 7 and 15 years were selected and the output of
C. morifolium, disease incidence, elements in the soil and plants, the culturable microbes, phenolic acids in the soil and their effects on the growth of
C. morifolium were studied. The results showed that output decreased gradually and disease incidence increased gradually. The flower yield for
continuous cropping 15 years was 19.80% of one year’s. Disease incidence reached to 100% for continuous cropping 15 years. The content of soil
boron decreased with the increasing years of C. morifolium continuous cropping, while other elements including nitrogen, phosphorus, potassium,
iron, manganece, copper and zinc did not change significantly. All the above eight element of plant in the continuous cropping 15 years were
decreased significantly than those of other cropping years. Fungi colony forming unit (CFU) of soil increased significantly with the increasing of
cropping years. CFU of bacteria and actinomycete reached to highest in 3 year cropping field, but decreased significantly in 15 year cropping field,
which indicated a shift of soil microflora from bacteria type to fungi type. The content of p-coumaric acid in soil increased with the increasing
cropping years and coumarins appeared in 7 year cropping soil. The biomass and root of C. morifolium were not affected by low content of
p-hydroxybenzoic acid, vanillic acid and p-coumaric acid, but they were significantly inhibited by coumarins, mixed phenolic acids and high
concentration of p-coumaric acid. The continuous cropping obstacles of C. morifolium may be related to phenolic acids accumulation, microflora’s
changes and the lack of microelement B, which affected the microenvironment and the growth of C. morifolium.

Key words: Chrysanthemum morifolium Ramat., Continuous moncropping, Soil element content, Soil microbes, Phenolic acids



