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Control Efficacy of Three Plant—Derived Active Compounds
against Soft Rot of Chinese Cabbage

WANG Jiafei', LU Hangjun', CAI Jin®
(1.Modern Research Center for Traditional Chinese Medicine , Shanxi University, Taiyuan 030006, China;
2.Institute of Applied Chemistry, Shanxi University, Taiyuan 030006, China)

Abstract: Chinese cabbage soft rot, caused by Pecrobacterium carotovorum subsp. carotovorum(Pcc), is one of the three
major diseases threatening Chinese cabbage in yield and quality. In order to screen out efficient control ingredients and provide
reliable data supporting the control of bacterial soft rot in Chinese cabbage using plant-derived active compounds, in this study,
antibacterial activities of d-limonene, eugenol, and carvacrol were compared through inhibition zone assays and minimum
inhibitory concentration(MIC) assays. Furthermore, their control efficacy was evaluated through in vitro tissue experiments and
pot experiments. The results of the antibacterial assays demonstrated that carvacrol exhibited significantly stronger antibacterial
activity than eugenol and d-limonene, with an inhibition zone diameter of 20.63 mm and an MIC value of 0.125 0 mg/mlL. In
vitro tissue experiments demonstrated that carvacrol achieved preventive and therapeutic effects of 72.65% and 73.61% at the
mass concentration of 100 pg/ml., which were significantly higher than those of eugenol(preventive: 49.13%; therapeutic:
50.36%) and d-limonene(preventive: 15.58%; therapeutic: 16.10%). The results of pot experiments were consistent with that
in vitro experiment, the preventive and therapeutic effects of carvacrol were significantly higher than those of eugenol and d-
limonene. However, the therapeutic effect of carvacrol(76.25% ) markedly exceeded its preventive effect(38.99%), which may

be attributed to carvacrol’s inherent volatility. To address this, microencapsulated suspensions or similar formulations of
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carvacrol were recommend to reduce volatilization loss and apply quickly after the onset of Chinese cabbage soft rot for

achieving better control effect. In conclusion, compared to eugenol and d-limonene, carvacrol not only displayed significant

antibacterial activity against Pcc but also enhanced preventive and therapeutic effect in managing Chinese cabbage soft rot.
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Fig.1 Antibacterial effects of d—limonene, eugenol, and carvacrol on Chinese cabbage soft rot
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* indicated a significant difference between the treatment group and control group(P<C0.05). ** indicated a highly significant difference be-

tween the treatment group and control group(P<C0.01). *** indicated an extremely significant difference between the treatment group and

control group at 0.001 level
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Fig.2 Comparison of inhibitory zone diameter of d-limonene, eugenol, and carvacrol against Chinese cabbage soft rot
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Tab.1 Antibacterial effects of d—limonene, eugenol,and carvacrol on Chinese cabbage soft rot

UNE % i % /(mg/mL)  Mass concentration 3%

Active compounds 2.0000  1.000 0 0.5000 0.2500  0.1250  0.062 5 0.0313 0.0156 0.007 8 DMSO
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Note: "— " indicated that the medium was clear and transparent, without growing clonies of the pathogenic bacterium. "+ " indicated that

the medium was slightly turbid, with a small amount of growing colonies of the pathogenic baterium. "+ + +" indicated that the medium was

heavily turbid, showing no antibacterial effect.
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A compared the rot areas on Chinese cabbage leaves between preventive groups and the control group. B showed the ANOVA results of

the preventive effects on Chinese cabbage leaves. Different lowercase letters represented significant differences at the level of 0.05 be-

tween different mass concentration. The same as Fig.4-8
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Fig.3 Preventive effects of d—limonene
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Fig.4 Preventive effects of eugenol
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Fig.5 Preventive effects of carvacrol
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C compared the rot areas on Chinese cabbage leaves between treatment groups and the control group. D showed the ANOVA results of

therapeutic effects on Chinese cabbage leaves. The same as Fig.7, 8
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Fig.6 Therapeutic effects of d—limonene
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Fig.7 Therapeutic effects of eugenol
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Fig.8 Therapeutic effects of carvacrol
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E compared the rot areas on Chinese cabbage leaves between preventive groups(100 pg/ml.) and the control group. F presented the

ANOVA results of preventive effects on Chinese cabbage leaves. Different lowercase letters represented significant differences at the

level of 0.05. The same as Fig.10-12
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Fig.9 Comparison of preventive effects of d—limonene, eugenol, and carvacrol
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G compared the rot areas on Chinese cabbage leaves between treatment groups(100 pg/mL) and the control group. H presented the

ANOVA results of therapeutic effects on Chinese cabbage leaves
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Fig.10 Comparison of therapeutic effects of d—limonene, eugenol, and carvacrol
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I compared the infection severity on Chinese cabbage seedlings between preventive groups and the control group
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Fig.11 Comparison of potted preventive effects of d—limonene, eugenol, and carvacrol
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L compared the infection severity on Chinese cabbage seedlings between treatment groups and the control group
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Fig.12 Comparison of potted treatment effects of d—limonene, eugenol, and carvacrol
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