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Abstract

BACKGROUND: The aim of this study was to investigate
the soil chemical properties and soil bacterial community of
the cropping system for Cnidium officinale Makino.
METHODS AND RESULTS: The bacterial community was
analyzed for the relative abundance and principal
coordinated analysis (PCoA analysis) by using by Illumina
Miseq sequencing. The correlation analysis between soil
chemical properties and soil bacterial community were
analyzed by Spearman’s rank correlation and DISTLM
analysis. Soil bacterial community (phylum and class)
showed two distinct clusters consisting of cluster 1 (first
cropping) and cluster 2 (continuous cropping) from 2
different cultivation methods of Cridium officinale Makino.
PCoA and DISTLM analyses showed that soil pH and Ca
significantly affected soil bacterial community in cultivation
area of Cnidium officinale Makino. In addition, Spearman’s
rank correlation showed significant correlation between
relative abundance (Acidobacteria and Actinobacteria) and
soil factors (soil pH and Ca).
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CONCLUSION: The results of this study were considered
to be important for determining the correlation between soil
properties and soil bacterial community of the cropping
method for Cridium officinale Makino. Furthermore, the
results will be helpful to investigate the cause of continuous
cropping injury of the Cridium officinale Makino by
examining the changes of soil properties and soil bacterial
communities.
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Table 1. Comparison of soil properties of C. officinale cultivation fields

Soil chemical properties

Exchangeable cations

Cultivation pH ECY oM? Av.P,OP CEC?
types K Ca Mg Na
(1:5) dS/m g/kg mg/kg 0 e cmol”/kg ——---------
FCY 6.43+0.21 b 1.30+£0.38 a 24.8+0.93 a 589.7456.0b 1.66+0.13a 6.2840.58b 2.52+0.45a 0.07£0.01a 13.3+1.41a
cc? 7.19+.0.15a 0.71+0.09 a 2794249 a 946.9+66.5a 1.45+0.06a 13.1+091a 3.35t0.21a 0.11+0.03a 17.5+0.57 a
P value 0.0264* 0.1794 0.2837 0.0063** 0.1905 0.0007*** 0.1479 0.1839 0.031*
LSD 0.6377 0.9568 6.5044 212.77 0.3515 2.6294 1.2228 0.0704 3.7199

Each value represents the average of four replicates per treatment + S.E. Significant difference according to least significant difference
(LSD) at P<0.05 levels are indicated by different letter. Significance are demonstrated as: £<0.05 (*), £<0.01 (**), and P=0.001(***).
YFC: First cropping, ?CC: Continuous cropping, EC: Electric conductivity, ?OM: Organic matter, ?Av.P,Os: Available phosphate,

9CEC: Cation exchange capacity.
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Fig. 1. Clustering and relative abundance of bacterial community in two different methods of C. officinale cultivation
fields. (A) Phylum, (B) Classes. FC: First cropping, CC: Continuous cropping.

Table 2. Comparison of relative abundance of bacterial Phylum and Classes between two clusters

Bacterial Phylum
communities  Proteobacteria Acidobacteria Actinobacteria Chloroflexi Plantomycetes Nitrospirae Chlamydiae
Cluster 1 (FC)  35.7+1.63a 14.1+1.38 a 11.14045b  7.94+0.84a 4.26+034b  1.72+0.34a  0.24+0.03b
Cluster 2 (CC)  34.3+l4la 13.1+0.84 a 15.8£1.06a 6.48+0.29a 5.80+0.18a 1.28+0.12a  0.50+0.10a
P value 0.5203 0.5415 0.0065** 0.1533 0.0067** 0.2649 0.0456*
LSD 5.22629 3.9582 2.8085 2.1816 0.9273 0.8851 0.2510
Bacterial Classes
communities  A/phaproteobacteria  Actinobacteria  Saprospirae  Plantomycetia  Solibacteres Acidobacteriia
Cluster 1 (FC) 16.240.75a 7.59+0.69 b 3.76+0.65 a 2.62+0.28 b 3.05+0.36 a 4.40£1.64 a
Cluster 2 (CC) 16.8£0.51 a 11.7£0.87 a 3.21+0.38 a 3.90+0.20 a 1.59£0.09b 0.29+0.09b
P value 0.5004 0.010™* 0.4920 0.0098** 0.0081** 0.0459*
LSD 2.2067 2.7201 1.8465 0.8385 0.9160 4.0075

*Each value represents the average of four replicates per treatment + S.E. Significant difference according to least

significant difference (LSD) at P<0.05 levels are indicated by different letter. Significance are demonstrated as: £<0.05
(*), P<0.01 (**), and P<0.001(***). YEC: First cropping, ?CC: Continuous cropping.
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Fig. 2. PCoA analysis based on Bray-Curtis similarity of the bacterial community generated using Mothur platform.
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Table 3. Marginal and sequential tests of DISTLM on relation of soil parameters variables to the bacterial community of

soil samples

Soil Marginal tests Sequential tests
parameters P value Proportion P value Proportion Cumulative

pH 0.0051 0.3818 0.0051 0.3818 0.3818
Ca 0.0013 0.3379 0.0302 0.1675 0.5492
OM 0.2349 0.1772 0.1597 0.1211 0.6704
P05 0.0374 0.2799 0.3273 0.098 0.7683
Na 0.3259 0.1608 0.4046 0.0857 0.8540
K 0.0794 0.2248 0.5013 0.0731 0.9271
EC 0.4416 0.1431

Mg 0.0907 0.2327

Table 4. Relationship between relative abundance of the bacterial communities and soil properties of C officinale

cultivation fields using Spearman rank correlation analysis

Soil properties

Bacterial communities

pH Ca

Actinobacteria (Class)
Acidobacteriia (Class)
Plantomycetia (Class)
Micromonosporaceae (Actinobacteria family)

Koribacteracae (Acidobacteria family)

0.714 (0.047)* 0.762 (0.028)*
-0.905 (0.002)** -0.833 (0.010)**
0.786 (0.021)* 0.690 (0.058)

0.762 (0.028)* 0.833 (0.010)**
-0.881 (0.004)** -0.857 (0.007)**

Spearman's rho values (R) written are significantly correlated between the variables compared. Negative values denote
negative correlation and positive values denote positive correlation. Values in brackets means P value (***P<0.001, **P<

0.01, *P<0.05).
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