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Abstract: In order to explore the continuous cropping obstacle effect of Codonopsis pilosula var. modesta and its
mechanism, pot experiments were conducted in the soil of normal crop (CK) , and continuous cropping 1 year
(CC,) , continuous cropping 2 years (CC,) and continuous cropping 3 years (CC;) as experimental objects. The

effects of continuous cropping on the growth, antioxidant enzyme system and chlorophyll of C. pilosula var. modesta

YR B3 2 2024-03-04 5 2 [8] H 4] : 2024-04-25

AT H  FE ARSI H (82160714) , Hlt 4 A AR £ W H (21JR1IRA271) , B & & S 0F & 1115 H (2018 YFC1706305) , H it 4
1o A SR P S PR R I H (2021CYZC-40) , 2023 AEAF 58 A “ A8 2 &7 301 H (2023CXZX-764) IR BS 2 5L E 3 0 A 9 =
T H (DHYZX20-13) % Bl .

Ve A B4R (1998 — ) , %, H IR EL A ZE e 1 . E-mail: 2755199296@qq. com
* il {FE# Corresponding author. E-mail: 1049395950@qq. com



108 ACTA PRATACULTURAE SINICA(2025) Vol. 34,No. 1

were evaluated, and the types and levels of autotoxic substances in the soil of different continuous cropping years
were analyzed by gas chromatography-mass spectrometry (GC-MS). The results showed that continuous cropping
had an inhibitory effect on the growth of C. pilosula var. modesta at the seedling stage, flowering stage, peak
growth stage and harvest stage, and the effect gradually strengthened with increase in the number of continuous
cropping years. In the same continuous cropping years, with the advancement of growth process, the activities of
catalase (CAT) and superoxide dismutase (SOD) in leaves initially increased and then decreased, and the activities
of peroxidase (POD) initially decreased and then increased and then decreased again, but at the same growth stage,
the activities of the three antioxidant enzymes all decreased year by year, and but the levels of malondialdehyde
(MDA) , proline (Pro), soluble sugar and the relative conductivity all increased year by year. The results of GC-
MS showed that 5, 17, 13 and 4 chemical substances were identified from CK, CC,, CC, and CC,, respectively,
including di-2-ethylhexyl phthalate, dibutyl phthalate, ethyl propionate and oleamide, among which di-2-ethylhexyl
phthalate was found in all treatments with relatively high levels. It can be seen that continuous cropping can inhibit
the growth of C. pilosula var. modesta by disrupting the antioxidant enzyme system and reducing the leaf chlorophyll
content, resulting in continuous cropping disorders. The autotoxicity under continuous cropping is one of the main
causes for continuous cropping disorders in C. pilosula var. modesta.

Key words: Codonopsis pilosula var. modesta; continuous cropping obstacles; physiology and biochemistry;

allelopathic autotoxicity ; gas chromatography-mass spectrometry

e, I AR (Campanulaceae) #H 4 R 1€ 3 2 (Codonopsis pilosula var. modesta) BT HL & H N 44 18 H
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Table 1 Effects of continuous cropping on growth indexes of C. pilosula var. modesta

EER=AiTE 4b B K W% R fof T RFE /3N
Growth stages Treatment Root length Root diameter Root fresh weight Root dry weight Vine length
(em-plant™") (mm-plant ") (g-plant™") (g-plant™") (em-plant™')
1 CK 24.96-0. 238a 1.182-0.067a 2.798940. 286a 1.06530. 285a 52.98-0. 748a
Seedling stage CC, 20.9020. 527b 1.0720. 040a 1.96570. 112b 0.41964-0.091b 37.0743.418b
ce, 17.7242.069¢ 0.860.101b 1.4378+0. 081c 0.36594-0. 115b 33.96-3.025h
ce, 16.46+0. 186¢ 0.610.072¢ 1.2526+0. 160c 0.319740. 056b 26.38-2. 038¢
FFAE CK 25.3941. 346a 6.914+1.635a 3.411040. 145a 1.409140. 109a 96.17-39. 391a
Flowering stage CC, 21.47%0.751b 4.554-0. 142b 3.109624-0.011b 1.274140. 005b 83.1828. 506ab
CC, 18. 3240. 504c 4.44+0.189b 2.782740. 238¢ 1.15820. 007c 48.42412. 541ab
ce, 16.840. 298¢ 3.7940.617b 2.47344-0.114d 1.018340.013d 44.76419.578b
P K R 38 CK 26.68--0.761a 7.1440.391a 5.496940.071a 3.662840.072a 115.27+13.019a
Growth peak stage CC, 22.9020.070b 5.24240. 399b 4.716240. 309b 2.66134-0.070b 96.37+1.683b
CC, 19.8740. 503c¢ 5.1140.578b 4.475240.103b 2.458740. 085¢ 94.43-0. 646b
ce, 17.5040. 351d 4.2140. 207¢ 4.462940. 045b 2.315540. 116¢ 85.8840. 921b
iz 355 CK 27.3940. 221a 7.2140.709a 6.572140. 109a 4.238840.017a 64.07-15.907a
Harvest stage CC, 23.6420.068b 5.4540. 782b 5. 34054-0. 065b 3.6394+0.081b 52.04+6.917ab
CC, 22.09-0. 785¢ 5.1540.163b 5.036340. 027¢ 3.517840. 099b 42.0147.289b
ce, 19.9440. 125d 4.4340.339 4.686040. 057d 2.5348=0. 024c 39.8474-3.914b

B - S S AR ZE A /NG R OR [ — A2 I YIS ] Ak B ] 22 5 3% (P<<0. 05) o Data are

letters indicate significant differences among different treatments in the same growth stage (P<Z0.05).
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Fig. 1
leaves at different growth stages of C. pilosula var. modesta
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[7] . Different lowercase letters indicate significant differences among

Effects of continuous cropping on CAT activity in

different treatments in the same growth stage (P<C0.05) , the same

below.



534 B 1 Bl 2R 3] 2025 4 111

Llck Bcc, Bcc, Bcc, . Lick Bcc, Ecc, Bcc,
~ 12001 a . 6000 a
'S .—
£ 1000t J.[::bc s 5000 b
Z 800l p L 5 4000 ’
ﬁ‘_on » i T ‘?0
H 600 [ A= 3000
a2 2 o =
O » 2
& £ 400F - v = 2000
= B
g 200F & 1000
A ] : a : : .
o L ) 8 0 : ' e L
~ HiH FHAE ERIER Uik Hill FHAE AERIER dioki
Seedling  Flowering Growth peak  Harvest Seedling  Flowering Growth peak  Harvest
stage stage stage stage stage stage stage stage
B2 ZEXMYEAREEREM S PODE MR M B3 ZHEXNGEAEEEREMFSODEEMZIME

Fig. 2 Effects of continuous cropping on POD activity in Fig. 3 Effects of continuous cropping on SOD activity in

leaves at different growth stages of C. pilosula var. modesta leaves at different growth stages of C. pilosula var. modesta
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Fig. 4 Effects of continuous cropping on malondialdehyde content Fig. 5 Effects of continuous cropping on proline content in
in leaves at different growth stages of C. pilosula var. modesta leaves at different growth stages of C. pilosula var. modesta
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CC, 5 CC M I, 4B 2 3R 5 i 22 S B 343K | 357K (P<<0.05) o f UL T L, FE AR X 8Os ml bk it 4 38 3 i 2L
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Fig. 6 Effects of continuous cropping on soluble sugar

content in leaves at different growth stages of C. pilosula

var. modesta
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Table 2 Main chemical substances present in regular soil
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Fig. 7 Effects of continuous cropping on relative
conductivity in leaves at different growth stages of C.

pilosula var. modesta
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Fig. 8 Effects of continuous cropping on chlorophyll content

in leaves at different growth stages of C. pilosula var. modesta

TR 5 B i) Az’ Ir T 71 AR X
Retention time (min) Compound Molecular weight ~ Molecular formula  Relative content (%)
3.236 M5B Acrolein 56. 06 C,H,0 18. 06
30. 387 &R 2K — H B2 TR Dibutyl phthalate 278. 34 C,H,,0, 4.82
37.557 it -9- 75 ¥4 R Pl Cis-9-Hexadecenoic acid, heptyl ester 352.30 C,H,,0, 2.56
43.782 9-1 /\ 41 T T Butyl 9-octadecenoate 338.57 Cy,H,,0, 2.42
48. 068 SRR IR —.(2-2, %0 ) fig Di-(2-ethylhexyl) phthalate 390. 56 C,,H,0, 72.14

TR ) b B2 5 1 S vh AR 35 BEOR T 1040 4 0 ORI R B, 45 R s, 4 oAk TR 4 88 v BT 5 A 5 W B R AU

FECR 15.38% AR AR R T TR R 4R R —
Wi F7E CC, \CC, A CC, R 75 3 B
Ja & AECC
5 T B 1 Ak 2 P
GC—MS ik 0L E 9.

HiR —(2-2 36 2 BR N 45 Ab B+ e L7 Ak A4, FLAIW &

LAY, A 44, 73 % (64.15% F186. 01 %, 1 £E CK H i 3 4. 82 %
C, CCLA CC AT A 439 10.10% (12, 18 % #15. 74 % , i 48 CK A X & i ik
¥ GC—MS 43 Hr PE e B K F 80% L& 9. CK.CC,.CC, Ml CC, &b # + 38 =2 $2 Wi 1)

R,

72.14% ., F2~
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Table 3 The main chemical substances present in the soil of continuous cropping for 1 year

- B 0 ] ety Iy T T AR X 5
Retention time (min) Compound Molecular weight Molecular formula  Relative content (%)
3.179 PR Z 1K Ethyl propionate 102.13 C;H,,0, 13.71
3.671 2 Toluene 92. 14 C,Hy 3.19
4.043 Y5 2,4 Tetrachloroethylene 165. 83 C,Cl, 1.62
4.655 232 Ethyl benzene 106. 17 CH,, 0.66
4,764 %} ZF 4 P-xylene 106.17 C.H,, 5.34
6.028 S W % Benzaldehyde 106. 12 C,H,0 3.53
7.573 2% Z T Acetophenone 120. 15 CgH,O 2.28
7.865 1-F 4 5T 28 1-methoxypropylbenzene 150. 22 CyoH,,0 2.30
8.312 Wi R = £ Mg Triethyl phosphate 182. 15 CeH,;0,P 1.58
8.918 PUFR(5.3.0.0<C2, 6>>.0<"3, 10> %5 -4,8-—#& Tetracyclic 130.10 C,H,, 2.04
[5.3.0.0<<2, 6>.0<_3, 10>>] decan-4, 8-diene
15. 332 P12 1 DU AL Undec-10-ynoic acid, tetradecyl ester 378. 40 Cy:H,,0, 0.99
17. 164 y-# 3 -y-T Wi Gamma-phenyl-gamma-butyrolactone 162.19 C,H,,0, 3.45
19.790 BT 7S BEMR Undec-10-ynoic acid, hexadecyl ester 406. 40 C,,H;,0, 0.62
27.292 B ZH R T - U %¢ SR Phthalic acid, butyl tetradecyl ester 418.30 CysH,,0, 3.35
30.479 LB — iR — T I8 Dibutyl phthalate 278. 34 C,,H,,0, 44.73
36. 945 E, E, Z-1, 3, 12-FJubk =J&-5, 14-—FE, E, Z-1, 3, 12- 294. 30 Cy,H,,0, 0.51
Nonadecatriene-5, 14-diol
47.925 A MR — (2-2 2 )l Di-(2-ethylhexyl) phthalate 390. 56 C,,H,,0, 10. 10
x4 EE2FITENEFENEIEAZYR
Table 4 The main chemical substances present in soil after 2 years of continuous cropping
T B I 1] (aEg?] oy Tk sy A
Retention time (min) Compound Molecular weight  Molecular formula  Relative content (%)
3.282 N2 .15 Ethyl propionate 102.13 C.H,,0, 2.78
3.705 2 Toluene 92.14 C.Hg 0.66
4.781 %F — I 2 P-xylene 106. 17 C.H,, 0. 64
5.073 9 2.4 Styrene 104. 15 C.H, 8. 84
6. 040 JE W Benzaldehyde 106. 12 C,H,0 1.06
7.579 2K 21l Acetophenone 120. 15 CH,O 0. 88
8.918 PUER[5.3.0.0<<2, 6>>.0<_3, 10> 1%%-4,8- ") 130. 10 CioHyg 0.49
Tetracyclic [ 5. 3.0.0<C2, 6>.0<3, 10> ] decan-4, 8-diene
16.774 2, 4- T T XA 2, 4-di-tert-butylphenol 206. 32 C,H,,0 0.67
17.426 3G ZHR[5.2.1.0(4, 8)]%5-2, 5-= & 3-Chlorotricyclo 166. 10 CoH,,Cl 1.42
[5.2.1.0(4, 8)]deca-2,5-diene
20.917 3-% F BE 5L TR R £ K Ethyl 3-benzoylpropionate 206. 24 C,H,0, 1.46
30. 724 B2 — W R — T [ Dibutyl phthalate 278. 34 C,:H,,0, 64.15
43.782 MR BE % Oleamide 281.48 C, H,,NO 4.77
47.982 A4 iR —(2-2 20 ) B Di-(2-cthylhexyl) phthalate 390. 56 C,H.,0, 12.18
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Table 5 The main chemical substances present in soil after 3 years of continuous cropping

{5 B i ] ity 7T 731 LERSACE Y
Retention time (min) Compound Molecular weight ~ Molecular formula  Relative content ( %)
3.282 A2 £ 15§ Ethy! propionate 102.13 C.H,,0, 0.84
30. 810 425 —F iR — T fig Dibutyl phthalate 278. 34 C,H,,0, 86.01
43.920 R I Oleamide 281.48 C,H,.NO 7.41
48.028 LK iz — (2-2 52 ) it Di-(2-ethylhexyl) phthalate 390. 56 C,,H,,0, 5. 74
1E 7 The main crop in the crop season % {E14E Continuous cropping for 1 year
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Fig. 9 GC-MS chromatogram of soil extract for different years of continuous cropping

3 WiRE&ie
3.1 #ESs ARG

AEL ) 30 o R AR RS R O R K A, DT HEAT B AR G AR R R A T B S R R X B0 AR K Y
Wi o R A 2 ORI 5T B, o Sk R 2 R 3 4E AR AR ( Paulownia fortunei) , o4 B B 45 AR BN FIERE . XIEF
BRI R, E A R AR TR v K AR kR I RS A KRR 2 TR
HIFBERZ RN EFEBIN . AVTRIEZ R, BSR4 ERK B, HARK R ER R s R E
B e A 37 B 26 A A B 384 I AF B/ L iX — 85 R 5 LR S5 e — 2.
3.2 EAEATLUK B A R IE AT R

CAT .POD Hl SOD ] LAE B A 4 44 P4 aak 22 (0 0 P 4, £ w8 L 9 IS0 30 458 (0 8 07, DT A 4 A 400 7 398 85 36
BEF A . BRI, TE T TP AL AR R R R R A g — A F RN L, 8058 i - CAT .POD I
SOD i 14 24 Bl 32 7 45 BR £ 48 i 52 724 7T e 9 8 35, 00 BH 2 A 2% 10 8 80 i e 400 L rh B AR S 2 LU R o 2 1Y
FLER S DT ) et 240 B 0 A2 400 R B2 3 5 DR 9 S5 TR AIF Y S A X 22 M E B (Lilium davidii var. unicolor) it
J 5 A B I BT AU T P O AR A S SR — B, SO AR MDA | Pro AT PR £ i KORE X R R AR A A
A TSI P X I A A R A R T S T R0, 1 B R A A O BT % A X B A s B 40 T A AR
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FRERBBEI YT, LU i sd M, de e A ARG 72 . (HR 6 1 MR AR BR A 38 n , S0 3 Ak 32 30 1Y
Join 38 R B R W A K, T 5 R 8038 it i MDA (Pro AT I PR & & DL SOAH X o 5 8 1 55 34 AR A1 FR %) JE 41T S W7
Bom . BeAh ARG KB AR E RN T E R B e e e R R CK B T, X — 4
55 ¥ 35 W 5T A E 3R (Fagopyrum tataricum) FlAg BF 550 58 3% VR 3 42 (Chenopodium quinoa) I i Bl 52—
0, UL AR JS 8058 G AR FHRE 1A Pr sl 55 , A7 WL R R sk 2, AT RE ) T 803 AR K, S BOGEME RS & 4 .
3.3 &ML A FEA

5| 245 AR W 3 A W i AR 1 B RVAR 22 1 0 3 SRAR MR A s | IR IR AN L R UE W 2 REPE R
AL DL B AL A B T BB SR R R R A A FE SR A A R R 5 50
W) % VR B A & A 0 E B R R 22— ST b, AR 6 AE X I VR T B0 AR 1 2 K B A AR T 2 AT 9T A S
R I A B - e 0 B TR T TR 45 A CK LCC, OO, CC, A T 4 v 43
R 517 13 F 4 Ak 2% i3, Ak 2 1) e 04 o 25 i 3 VR AR IR O JE R R 2D, R SR B ) B AP 2 ) RV H &
B — S5 R0 S5 R T BB AFAE 35 T o B — AN R Ak 2= W B () W BB 23 K Ak — 8 Wk 2= R, LA U vl g A B
AR AR GC—MS HEOR R REE 24 5 55 = AR K AR AR Al A 25 9 B ) 485 SR 427, 38 43 |1 22 ) o 0f
BRI T AR, v] e 38 i S AR W 00 B Ak TR VR T AE A, DT 3 AR R AR B R B 5 5 = AR SRR ] T
GC—MS HARKG I 1 4 38 v 1 45 S 1 AR AR P 5, 568 5 45 SR 4 s 8058 1% A T 58 R A AT BB AE A7 78 R AR M 1Y
HoAt A2 W) 57, TR IS S BIF 9 P e 20— A5 R VRS 306 P <1 308 o) £ a5 2 27 H R X 0 3 % A I e i b SR 1 ) o
TR . BEAh AR R R I, B AT AL S AR AR O W iR —(2-2 5 ) R, BT A R OHE DY
BRI IR —(2-£ O ) BR W] BE S 8U58 1 A 1 338 vh A AR 1k B Y 1 3 5, G 8 800 B VR HTPIL K 7E I 22
5 HEAT A5

g5 LR % AR AT DL o 300 ) 205 A R AR Ak T T T 8 T 2 B B A5 AL 3 ok PR AR S0 i I AR R w s et
GAYETHRE T, B HLY (6 R B2 RR, 10 52 ) 0 5 AR R 1 2B 4G, B R VE VR A5 1 & A= o
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