
Panax notoginseng (Burkill) F. H. Chen (sanqi) is 
an expensive Chinese medicinal herb that provides 
efficient blood stasis elimination (Kim 2012), culti-
vated in a restricted area of Yunnan for more than 
200 years. Soil sickness is a common phenomenon 
for many crops such as maize (Gentry et al. 2013), 

peanut (Li et al. 2018), and cucumber ( Jin et al. 
2019b). An imbalance in the microflora can cause 
the soil sickness in cash crops, such as banana (Fu et 
al. 2017), Panax quinquefolius L. (Jiang et al. 2019), 
and also sanqi (Tan et al. 2017). Plant autotoxins 
have also been found to disrupt the microbial com-
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munity, resulting in cucumber growth inhibition. 
Soil sickness in sanqi, which occurs as a consequence 
of soil-borne phytopathogens such as Fusarium 
oxysporum, Cylindrocarpon spp., and Phoma spp. 
(Li et al. 2020); imbalanced of soil physicochemical 
properties; and allelochemical accumulation (Yang 
et al. 2015), seriously affects sustainable production 
in the sanqi medicine industry. Niche vacancies in 
an imbalanced microflora increased the abundance 
of specific pathogens, which increased the disease 
incidence and decreased yields (Berendsen et al. 2012).

Manipulating the microflora seems to be a sus-
tainable way of controlling soil-borne disease 
(Chaparro et al. 2012). The application of ben-
eficial microorganisms (Durairaj et al. 2018) or 
bio-organic fertiliser (Fu et al. 2017) could suc-
cessfully control the disease incidences in crops 
by regulating the microflora (Ye et al. 2020). Crop 
rotation reduces the soil-borne disease by regulat-
ing the soil microflora (Larkin 2008). However, it 
takes nearly 15 to 20 years for sanqi to successfully 
be replanted (Fan et al. 2016). This threatens the 
sustainable development of the sanqi industry due 
to the lack of appropriate fields in the restricted 
area. Furthermore, the effects of rotation on the 
microflora and the replant failure of sanqi have 
rarely been studied. Hence, we hypothesised that 
rotation could reduce soil sickness by regulating 
the microbial community. The microbial commu-
nity composition and structure were analysed. The 
seedling survival incidence was also determined 
in pot experiments.

MATERIAL AND METHODS

Soil sample collection. Bulk soil samples were 
collected from a one-year sanqi monocropping soil 
(MCS), a one-year vegetable rotation soil (OCS), and 
a ten-year vegetable rotation soil (TCS) in Yanshan 
county with triplicates in each treatment. The bulk 
soil samples were collected from the upper layer 
soil (2–10 cm) in late April 2015. The collected 
soil samples were passed through a 2 mm mesh 
to remove plant debris and stones. The soil type 
was a ferralic anthrosol, according to the World 
Reference Base for Soil Resources (FAO 2006). 
The soil samples were used to test the incidence 
of sanqi replant failure in pots and for further soil 
DNA extraction.

High-throughput MiSeq sequencing.  The 
bulk soil DNA of 0.7 g soil from each sample was 

extracted with the PowerSoil DNA Isolation Kit 
(MoBio, Carlsbad, USA) according to the manu-
facturer’s instructions. The isolated soil DNA was 
then stored at –80 °C for further use.

The primers and PCR amplification procedures 
were performed according to the previous report 
(Zhao et al. 2018). Briefly, the V4 region of bacteria 
(Xiong et al. 2017) and the internal transcribed 
spacer (ITS) region of fungi were used. The bacte-
rial and fungal templates were amplified according 
to methods in a previous report (Xiong et al. 2017). 
Finally, the paired-end sequencing amplicons of bac-
teria and fungi were sequenced on an Illumina MiSeq 
sequencing platform at Personal Biotechnology, 
Shanghai. The data were submitted to the NCBI SRA 
database with the accession numbers PRJNA638218 
for bacteria and PRJNA638219 for fungi.

Sequencing data processing and analysis. The 
sequenced amplicons were then trimmed and ana-
lysed, as described in a previous report (Zhao et 
al. 2018). Data sequencing was performed with the 
QIIME software package (version 1.9.1). Chimeras 
and singletons were also removed. After quality 
control, the operational taxonomic units were 
obtained with a 97% sequence similarity against 
the Greengenes database (McDonald et al. 2012) 
and the UNITE database (Kõljalg et al. 2013), 
respectively. The RDP naïve Bayesian rRNA clas-
sifier with confidence thresholds of 80% and 50% 
for bacteria and fungi, respectively, was used for 
taxonomic classification.

Replant failure incidences in pot experiments. 
The bulk soil samples collected above were mixed 
and sieved with 2 mm mesh sieves to remove pebbles 
as described above. Three seedlings were trans-
planted into each plastic bottle with 500 g soil. Each 
replicate included 5 individuals. The replant failure 
incidences (disease incidences) were calculated as 
the proportion of diseased seedlings to the total 
seedlings transferred after four months.

Statistical analysis. The alpha diversity indexes 
of bacteria and fungi in each sample were calculated 
with Mothur (Zhao et al. 2018). The principal co-
ordinate analysis (PCoA) plots were generated with 
the vegan package in R, based on the Bray-Curtis 
index. The Permanova test was also performed 
with the Adonis function using the vegan pack-
age in R. Statistical analysis of each sample was 
performed with the SPSS 17 (SPSS Inc., Chicago, 
USA). Significant differences among the treatments 
were identified with Duncan’s multiple range test.
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RESULTS AND DISCUSSION

Alpha diversity analysis of bacterial and fungal 
communities. Crop rotation can change the micro-
flora and decrease the soil-borne disease (Larkin 
and Lynch 2018, Jin et al. 2019a). The results showed 
that there were no significant differences in the 
Good’s coverage, the number of OTUs (operational 
taxonomic units), equitability, and Shannon indexes 
of the bacterial communities among the treatments 
(Table 1). However, the number of OTUs, fungal 
equitability, and Shannon indexes of the MCS obvi-
ously decreased in contrast to those of the OCS and 
TCS, suggesting an imbalance in the fungal com-
munity and functional losses that resulted in replant 
failure (Li et al. 2020). A previous report suggested 
that maize rotation for three years significantly 
increased bacterial diversity, while no significant 
differences in fungal diversity were observed (Zhao 
et al. 2017). Our results showed the opposite effects 
of crop rotation and sanqi monocropping on the 

bacterial and fungal diversity as a previous report 
(Zhao et al. 2017). This could have been caused 
by the types of rotation plants, as different plants 
secrete different components of root exudates and 
attract a specific microbial community (Badri and 
Vivanco 2009).

Community structure and composition in differ-
ent treatments. The PCoA plots showed that there 
were no significant differences in bacterial or fungal 
community structure among the three treatments 
(Figure 1). Although the rotation had little effect on 
the structural variations in the microbial community, 
the relative abundances in the microbial community 
composition from phylum to the genus changed after 
rotation. The dominant phylum in each sample was 
Proteobacteria (Figure 2A), which was in accordance 
with a previous report (Zhao et al. 2017). After ten 
years of rotation, the relative abundances of the 
Acidobacteria and Gemmatimonadetes significantly 
decreased in contrast to those in OCS and MCS, re-
spectively. The relative abundance of Proteobacteria, 

Table 1. Bacterial and fungal alpha diversity indexes of different samples

Treatment Goods coverage OTUs Equitability Shannon index

Bacteria
OCS 0.887 ± 0.001a 5 931.00 ± 35.38a 0.888 ± 0.001a 11.13 ± 0.01a

MCS 0.882 ± 0.010a 6 075.33 ± 400.71a 0.887 ± 0.004a 11.15 ± 0.13a

TCS 0.889 ± 0.002a 5 881.33 ± 31.34a 0.887 ± 0.001a 11.11 ± 0.01a

Fungi
OCS 0.977 ± 0.002a 1 376.33 ± 32.25a 0.624 ± 0.017a 6.50 ± 0.16a

MCS 0.978 ± 0.001a 1 275.33 ± 45.57b 0.586 ± 0.009b 6.05 ± 0.12b

TCS 0.978 ± 0.001a 1 338.33 ± 51.48ab 0.627 ± 0.007a 6.51 ± 0.07a

OCS – one-year rotation soil; MCS – one-year sanqi ginseng monocropping soil; TCS – ten-year rotation soil; OTUs – 
operational taxonomic units. The means and standard errors from three replicates are shown. Letters within column 
indicated the significant difference with P < 0.05

Figure 1. Principal coordinates analysis (PCoA) plots of (A) bacterial and (B) fungal communities from different 
treatments. OCS – one-year rotation soil; MCS – one-year sanqi ginseng monocropping soil; TCS – ten-year 
rotation soil
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Betaproteobacteria, and Actinobacteria, as copiotro-
phic bacteria, decreased after sanqi monocropping. 
However, the abundance of oligotrophic bacteria, 
such as Verrucomicrobia, increased after the mono-
cropping practices, suggesting that soil resources 
were limited after the consecutive monocropping 
(Pianka 1970). For fungi, the dominant phylum was 
Ascomycota (Figure 2B), which was in line with 
a previous report (Miao et al. 2016). However, Zhao 

et al. (2017) found that the phylum Sordariomycetes 
was dominant in bulk soil, mainly due to root exudates 
after a maize-sanqi rotation. The relative abundance 
of Ciliophora in MCS significantly decreased in 
contrast to that in OCS and TCS.

At the genus level, the relative abundance of 
Kaistobacter  spp. ,  Flavobacter ium  spp. ,  and 
Ramlibacter spp. in MCS significantly decreased 
(Figure 3A). The abundance of potential beneficial 

Figure 2. The composition of main (A) bacterial and (B) fungal from different samples at the phylum level. 
OCS – one-year rotation soil; MCS – one-year sanqi ginseng monocropping soil; TCS – ten-year rotation soil

Figure 3. The composition of main (A) bacterial and (B) fungal from different samples at the genus level (Top 15). 
OCS – one-year rotation soil; MCS – one-year sanqi ginseng monocropping soil; TCS – ten-year rotation soil

(A) (B)

 OCS

Re
la

ti
ve

 a
bu

nd
an

ce
 (%

)

100

80 

60 

40 

20

0
MCS TCS

Others and unclassified
WS3
Verrucomicrobiota
Proteobacteria
Planctomycetes
Nitrospirae
Gemmatimonades

 

Chloroflexi
Bacteroidees
Armatimonadetes
Actinobacteria
Acidobacteria
AD3

 

 

 

Re
la

ti
ve

 a
bu

nd
an

ce
 (%

)

100

80 

60 

40 

20

0
OCS MCS TCS

Others and unclassified
Ciliophora
Zygomycota
Rozellomycota

 

Glomeromycota
Chytridiomycota
Basidiomycota
Ascomycota

(A)

  OCS MCS TCS

Re
la

ti
ve

 a
bu

nd
an

ce
 (%

)

14

12

10

8

6

4

2

0

 

Planctomyces
Candidatus Koribacter
Ramlibacter
Phenylobacterium
Methylibium
Flavisolibacter
Nitrospira
Pseudomonas

Steroidobacter
Janthinobacterium
Candidatus Solibacter
DA101
Rhodoplanes
Flavobacterium
Kaistobacter

 

(B)

OCS MCS TCS

Re
la

ti
ve

 a
bu

nd
an

ce
 (%

)

25

20

15

10

5

0

Alternaria
Clonostachys
Coniosporium
Plectosphaerella
Cylindrocarpon
Podospora
Trichoderma
Chalara

Cryptococcus
Ilyonectria
Myxocephala
Fusarium
Phoma
Staphylotrichum
Gibberella

 

 

496

Original Paper	 Plant, Soil and Environment, 66, 2020 (10): 493–499

https://doi.org/10.17221/320/2020-PSE



bacterial genera that are capable of controlling of 
soil-borne diseases, such as Bacillus sp. (Song et al. 
2014), Flavobacterium sp. (Sang and Kim 2012), and 
Pseudomonas sp. (Durairaj et al. 2018), significantly 
increased after rotation for ten years (Figure 5A). 
For fungal genera, the dominant genus of each treat-
ment was Gibberella spp. (Figure 3B). The relative 
abundances of potential pathogenic genera such as 
Ilyonectria spp., Cylindrocarpon spp., and Alternaria 
spp. in OCS were 2.79-, 9.39-, and 3.89-times higher 
than those in TCS (Figures 3B and 4), suggesting that 
rotation could decrease the abundance of pathogen 
agents and thereby reduce soil-borne disease. This 
may have been caused by the elimination of allelo-
chemicals such as ginsenoside, which could promote 
the abundance of pathogenic genera (Li et al. 2020) 
after rotation. However, the results showed that the 

abundance of potential pathogenic genus like Phoma 
spp. increased 60.95-times higher after ten-year rota-
tion than that in OCS, while the relative abundance 
of Coniosporium spp. significantly decreased with 
the increasing rotation duration (Figure 3B). For po-
tentially beneficial fungi, the results showed that the 
relative abundances of Acremonium spp., Ochroconis 
spp., Neopestalotiopsis spp., and Mucor spp. (Li et al. 
2020) significantly increased as the rotation duration 
increased, while those of Trichoderma spp. showed 
a negative trend as the rotation duration increased 
(Figure 5B).

Pot experiments. It was found that the disease 
incidences in OCS was the highest, as high as 88.9 ± 
7.7% (Figure 6). However, there were no significant 
differences between OCS and MCS. The results 
also showed that the disease incidences in TCS 

 

Figure 4. The relative abundances of five potential patho-
genic fungal genera from different samples. *P < 0.05; **P < 
0.01. OCS – one-year rotation soil; MCS – one-year sanqi 
ginseng monocropping soil; TCS – ten-year rotation soil

 
Figure 5. The relative abundances of five potential beneficial (A) bacterial and (B) fungal genera from different 
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was 1.74- and 1.61- times lower than those in OCS 
and MCS, respectively. This result suggested that 
it takes time for rotation to reduce replant failure 
incidences, which is in accordance with the previous 
report that at least 3 years of rotation are needed to 
overcome the replant failure in American ginseng 
(Jiao et al. 2019).
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