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A commentary and development perspective on the consecutive monoculture
problems of medicinal plants

WU Hongmiao, LIN Wenxiong**

(Institute of Agroecology, Fujian Agriculture and Forestry University / Fujian Provincial Key Laboratory of Agroecological
Processing and Safety Monitoring, Fuzhou 350002, China)

Abstract: The consecutive monoculture problem, also known as replant disease, is a common disorder from modern agricultural
practices. It has been reported that more than 70% of medicinal plants, especially those tuberous roots, have been affected. This
disease has become a key factor restricting the quality and development of medicinal plants. This study analyzed three common
problems with the formation of continuous cropping obstacles in medicinal plants, which includes the acidification of rhizosphere
soil induced by root exudates, microbial community structure imbalance in the rhizosphere, and the severity of plant virus disease.

The primary factors include: differentiation and evolution of microorganisms mediated by root exudates in rhizosphere soil,
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allelopathic interactions of soil-borne pathogens, soil acidification induced by rhizosphere bacterial community imbalance, increased
rhizosphere soil-borne pathogens, decrease of beneficial microorganisms aggravating soil fungal diseases, and concomitant
development of viral diseases. We analyzed the potential advantages of new rhizosphere management strategies on abating
continuous cropping obstacles such as soil sterilization, microbial fertilizer application, diverse crop cultivation, and biochar
management. This study recommended researchers to focus on rhizosphere ecological processes in continuous cropping obstacles by
selecting the soil food web as the starting point, utilizing modern system biology and chemical ecology technology to analyze the
interaction and mechanisms among plant-soil-microorganisms mediated by root exudates under continuous monoculture regimes.
Therefore, we need to focus on the niche relationship between soil nematodes and viruses during the occurrence and development of
continuous cropping obstacles, and elucidate the ecological mechanisms of soil acidification mediated by continuous cropping, as
well as the co-evolution mechanism of pathogens responding to root exudates. Furthermore, several strategies can be combined to
alleviate the continuous cropping obstacles. Overall, we should consider the economic, social, and ecological benefits to achieve
“prevention-oriented” and “comprehensive management”.

Keywords: Medicinal plants; Continuous cropping obstacle; Allelopathy; Soil-borne pathogens; Rhizosphere interactions;

Rhizosphere management
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Table 1

x1 ERHAEVDPHEENRDR

The primary allelochemicals of common medicinal plants

Medicinal plant

Primary allelochemicals

Pseudostellaria heterophylla (Miq.) Pax

Rehmannia glutinosa (Gaetn.) Libosch.
ex Fisch. et Mey.

Panax notoginseng (Burkill) F. H. Chen
ex C. H.

Panax ginseng C. A. Mey.

Panax quiquefolium L.

000, 3,4-
. [31].
Phenolic acids®®": gallic acid, coumaric acid, protocatechuic acid, 4-hydroxybenzoic acid, vanillic acid,
syringic acid, vanillin, ferulic acid, benzoic acid; Organic acidsPY: oxalic acid, formic acid, malic acid,

lactic acid, acetic acid, citric acid, tartaric acid, butanedioic acid.

[32]. . [32-33]. C: [34].

Terpenes®?: catalpol; Glycosides?®*?*): isoacteoside, rehmannioside, verbascoside, purpureaside C;

Phenolic acids®®*): coumaric acid, protocatechuic acid, phthalic acid, 4-hydroxybenzoic acid, vanillic
acid, syringic acid, vanillin, ferulic acid, benzoic acid, salicylic acid.

[35]. [37].

[35-3¢. Rh, Rb, Rb, Rc Rd Re R, Rg, Rg;

5

[38].

Ginsenoside!®*>3¢: Rhj, Rbj, Rb,, Re, Rd, Re, Ry, Rgj, Rgy; Flavones®™: quercetin; Phenolic acids?®”):
4-hydroxybenzoic acid, vanillic acid, syringic acid, 4-coumaric acid, ferulic acid, benzoic acid;
Esters®*): diisobutyl phthalate.

(391, 3-

[41]. [41].

[40].

Phenolic acids®: salicylic acid, gallic acid, benzoic acid, cinnamic acid, vanillin, 4-hydroxybenzoic
acid, 3-phenylpropanoic acid; Esterst*”): diisobutyl phthalate; Fatty acids*'): palmitic acid, adipic acid;

Organic acids™"): succinic acid, lactic acid.

2. Rg; Re Rb; Rd; 31,
Ginsenosidel*?: Rgi, Re, Rby, Rd; Phenolic acids™: vanillic acid, syringic acid, ferulic acid, coumaric
acid.

[44-45). [44-45]. .
Pinellia ternata (Thunb.) Breit. (44451, 3 4. : 31, 5 3. ; [44-45]. ’
Phenolic acids***: gallic acid, protocatechuic acid, vanillic acid, syringic acid, vanillin, ferulic acid;
Quinones***!: chrysophanic acid; Aldehydes****): 3,4-dihydroxybenzaldehyde; Ketones*:
coumarone, syringaldehyde; Phenols™***%l: chlorogenic acid.
(461 2,4-
Atractylodes macrocephala Koidz. Phenols*®); 2,4-Di-t-butylphenol.
, qRT-PCR ,
(Kosakonia sacchari)
(Fusarium) (Talaromyces helicus)
(Rhizoctonia solani) (Pythium) ,
(Fusarium oxysporum) , (Burkholderia) (B.
( 2 pumilus) [30,45-30]
s >
’ - ”
(Rhizoctonia) ,
, (Pseudomonas) ,
(Bacillus) [47-48] ,
[51]
(Talaromyces) 2.4 -
) 2 2.4.1
>
(Penicillium) (Pseudomonadales)
(Burkholderiales) 1 , Lorenz Hiltner
(Streptomycetales) (30491, DGGE
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x2 BENHAEVEELIRIHNEZERRFE

Table 2 Primary pathogens of common medicinal plant soils under continuous monoculture regimes

Medicinal plant

Primary pathogens

Pseudostellaria heterophylla (Miq.) Pax

Rehmannia glutinosa (Gaetn.) Libosch. ex
Fisch. et Mey.

Panax notoginseng  (Burkill) F. H. Chen
ex C. H.

Panax ginseng C. A. Mey.

Panax quiquefolium L.

Salvia miltiorrhiza Bge.

Pinellia ternata (Thunb.) Breit

Atractylodes macrocephala Koidz.

[30-31]

. . . . o 30-31

Kosakonia sacchari, Talaromyces helicus, Fusarium oxysporum, F. moniliforme*°="
[34,52]

F. oxysporum, F. solani®*>%

[53]
F. oxysporum, Gibberella intermedia, F. tricinctum, G. moniliformis, F. equiseti’®®)

[39,54]
Pythium irregular, Cylindrocarpon destructans, Rhizoctonia solani, Alternaria panax, Phytophthora
cactorum, Sclerotinia schinseng, C. destructans®™
[42-43]

R. solani, F. solani, F. oxysporum, C. destructans'***

[55]
F. solani, F. oxysporum, Penicillium brefeldianum, Myrothecium roridum, F. tricinctum, Aspergillus
spp. calidoustus®
[56-57]

Fusarium spp., Pectobacterium carotovora, P. carotovorum, Klebsiella oxytoca, R. solanit®®>7)

[58]

F. solani, R. solani, Sclerotium rolfsii, F. oxysporum, Alternaria alternate, F. incarnatum, A. longipes[sgl

[59] [30]
b 7 b
, (
60-61
oo : )
, 7
[64]
[62-63]
[34] _
30 , Hartung [18-19] ,
, (Fusarium moniliforme) (30-31]
[34]
[30-31]
[49]
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/ ; [66] i
’ ; (3,4- )
(
); ;
s [66] Wang [67]
o ) (Rhododendron formosanum)
’ 394' s
(Trichoderma spp.) )
[49]
) 2.4.2
( ,
et pH ,
) 1 ,
) 1980—2000 pH
, 0.5 [68]
; ( )
3A-DON  15A-DON
) , 3A-DON , :
; ; pH ,
( ) ) ; ,
[30,49]
[69-70]
10% ,
60% ,
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; ) pH 71721 Rousk
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, ; pH 1 ,
14~18 [73-74] ,
, pH 5.7 53 ,
[ (B. ambifaria) , [79]
(P. chlororaphis)] pH 5.3 , 2016 5984.1 t,
) ( 21 44.3%, 1/3,
H 10% 1 000 hm®
H' 300 t,
, 434 kg-hm™,
[751 [78]
, (681 , 1961—2009 ,
H, 9
pH™ : 68% 47%50) ,
H+
H+
[76-77] H ’ ’
[76] ,
Ramos  ["° H'-ATP
96% [81-82]’
H'-ATP [83-84]
, (Trichoderma harzianum) ,
H'-ATP , (Phytophthora spp.)
s (Pythium spp.) , s
, (Cd Pb  As) [85-86]
() [250 kg(N)-hm2],
, [450 kg(N)-hm ] pH C/N
13 2 « 2 [87]
pH [83-84]
pH [87] ,
2.4.3 )
20 50 , )
“ ” 2.4.4
[78]
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[88-89]
[95]
50% , 100%, 3.1
[88-90]
, ( ) ,
[ (Olpidium)
(Polymyxa) (Spongospora) ] , , ,
( ) ; ,
[91]
) [96]
5 ,
( ) ( 2 ,
1030092 10311931 ’
’ [94] Sugimura ©7
’ (Fragaria * ananassa) s 7d ,
10% )
3 E{ERRRFBYIH IR B ,
, , 70 °C, 30 min
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(Ralstonia) (03], ( (Brassica
) napus) (110] ,
[104]
) ( 33
)’ 2 b 2
[105]
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[113] (Atractylodes lancea) ,
[114]
(Castanea mollissima)// (Pinellia pedatisecta) ; N,O CO, CHy
pHI!18!
[115].
(Platycodon grandiflorus)// (Allium fistulosum)
[119]
(Actinobacteria) >
(Nitrospirae) (Bacteroides) (1201,
N,O [121]
[116] [122]. 15%~30%L123,
cd 88%!"*"!
cd 25%
(Nitrosomonadales) ) 2,
(Nitrospirales) , 261,
(Aspergillus) , -
, ( - - -
) (Allium sativum) - - )
(Allium cepa) (Vicia faba) (Avena
sativa) 2 , / (1201
[117] , ,
' [127-129]
' [130]
’ [131]
, , NO, NH, ,
34
b (
b ) b
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