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Impact of 8—year soybean crop rotation on soil characteristics in
highland Kimchi cabbage cultivation

Gyeryeong Bak’, Jeong-Tae Lee, Yang-Min Kim
Highland Agriculture Research Institute, National Institute of Crop Science, Pyeongchang 25342, Korea

Abstract

In this study, we evaluated productivity, soil physiochemical properties, and soil microbial characteristics in Kimchi cab-
bage(Brassica rapa subsp. pekinensis) cultivation within a highland environment during summer. Specifically, we examined
the effect of different cropping systems, namely monoculture and rotation with soybean, over an 8-year cropping period. The
results of our investigation revealed that significant differences were absent in terms of yield and soil physiochemical prop-
erties between the two cropping systems. However, microbial characteristics exhibited distinctive patterns. Bacterial diver-
sity was significantly higher in the rotation system that in the monoculture, whereas fungal diversity demonstrated a prefer-
ence for rotation although the result was not significant. Our findings identified the presence of Bradyrhizobium stylosanthis,
a nitrogen-fixation symbiont, as an indicator ASV (amplicon sequence variant) in the rotation system, where it displayed
significantly higher abundances. These observations suggest a potential positive effect of the rotation system on nitrogen
fixation. Notably, throughout the cultivation period, both cropping systems did not exhibit critical disease incidences.
However, Fusarium oxysporum, a well-known pathogen responsible for inducing fusarium wilt disease in Kimchi cabbage,
was detected with significantly higher abundance in the monoculture system. This finding raises concerns about the potential
risk associated with Kimchi cabbage cultivation in a long-term monoculture system.
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Table 1. The change of soil density according to different cropping systems (ANOVA. **p-value  0.01)

Treatment Topsoil Subsoil
Bare field 1.5+0.11a 1.71£0.07 a
2016 . Cabbage monoculture 1.240.06 ¢ 1.6+0.04 bc

Before cropping
Cabbage-Soybean 1.3£0.08 bc 1.7£0.1 ab
Bare field 1.4£0.05 a 1.74£0.05 a
Af 2022 . Cabbage monoculture 1.4%0.04 a 1.6£0.06 be
ter cropping

Cabbage-Soybean 1.4+0.02 ab 1.5+0.04 ¢

p-value
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Fig. 2. Soil porosity comparisons in different cropping systems and after 8 years of cultivation (ANOVA for Topsoil and
Subsoil in bare field, monoculture and rotation, NS: no significance, *p-va/ue { 0.05, **p-value { 0.01).
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(Town et al., 2023) 5= X3
7} SR =]l & 11]74]"1] fq'a ‘:'VHE:II A=
7140 g EHATE TARS Wo EG =LA
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. Meonoculture

PC3(2.79 %)

(B) C2(18.92 %)

PC1(86.24 %)

O Rotation

PC3(13.72%)

PC1(43.10%

Fig. 6. The PCoA analysis of two cropping systems according to bacterial(A) and fungal(B) communities (weighted
unifrac).

WKLy et al., 2018; Town et al., 2022), A2t=2] &
ol w2 mAE ol H|W(Benitez et al., 2017;
Samaddar et al., 2021), 22|11 ZRAA] 2 ozt
Aul 23t E4Jo] or2 4-(Oberholster et al.,
2018; Town et al., 2023) & Tt 8.21S J12fot
A7 4= Qe 1 Ay}, iR A Al 35
o] 3 BFo|A nYE teFd £F2 ZHEA o] wt
FOlgt 2po| & 37| ofe 9] &2 AR 2] Autet A5t
ZAEE Bt e vk 4o ZHRA Elof up
gk zpol7F 17 gk x|t 2 A 2|7 vl
F 4 ZEESO] nE # 0l Rt 9
9l AFEolA BaE et

HiS 2R Ao 2 e e BEAZES H
APALNME 23 7] 271 2l Egel v
o] Aol Folgt S Fri Halso] 2 A
o] Az} A5t FFS BHATHBak et al., 2022
Jinhao et al., 2022). A AT = hEolA H=

fm
o
2
g

2%

< Aujstel W3 A4l et 2 EF] mpER
A& A5 A ofo]37] el TRt T, WAkt
Eel317] Aol Al B8] 24 L §oJs)
A we AT oede tehidckBak et al,
2022). £ Age A 71z WS4 Fo] e
BEY 5 QW Dt 5737 TN w52 43kt
T 6N ool At F 12 EFS AFste] 52
H917] whol, 22o] Gk S0 dFe o B
o] WSk A0 2 Azto] Hrk. AT ch2A B
o] 2N Aol W2 S thpae] §o)
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Initial Menoculture Rotation
W Acidobacteriota M Actinomycetota
m Bacilleta Bactercidota
m Chloroflexota = Gemmatimeonadota
B Myxococcata B Planctomycetota
Pseudomonadota B Thermodesulfobacteriota

H Thermemicrobicta Verrucomicrobiota

M ETC (unidentified or 1% >)

100

3

Relative abundance {%)
-
3

Initial Menoculture Retation

Dothideomycetes

® Eurotiomycetes
Leotiomycetes Saccharomycetes
Sardariomycetes N Agaricomycetes
» Tremellomycetes H Mortierellomycetes

B Qlpidiomycetes BETC (unidentified or 1% »)

Fig. 7. The relative abundance of bacterial(A) and fungal(B) communities according to cropping systems described in

phylum and class level, respectively.

3.3.2. i3 22X Ao 2 O|MEF2 £ H|n
8¢ It HiSE olojAV|stH S ufet Tt A
5H9-S W] EF Al 2 F3o] nAE 23S BAoH
ot I A3 Al E- A E 222 Al & 2HEA
2]et AT glo]l Acidobacteriota, Bacteroidota,

Pseudomonadota, Verrucomicrobiota”} 45}kl

—

Actinomycetota, Bacillota, Planctomycetota”t 5
7kstl.om, E35] o]o]Al7] A2ollA+= Chloroflexota
7t =2 AIHREE BoH, 227 Aol
Pseudomonadota’t &2 &2 EATHFig. 7A.).
TG0 FHNAM= A= AristlS o) AFEA et
A ¢lo] Sordariomycetes, Mortierellomycetes?t
Zr4skal Burotiomycetes”t S71oF9.oH, E8417]
Aelelde olojAr] AHeFHT oF sHf =2
DothideomycetesE &1 4= 91%laL, o]oiA7] A
2|4l Burotiomycetes®t Agaricomycetes’t =
HA7] A2l et Hlwsto] oF 38 =2 Hl&-& 2}x|s}
AL SA3ATH(Fig. 7B.).

EF U 1718 o2 n8ETH $8% 9%
F=d(Pankaj et al., 2017), #7718 ool Y&
Acidobacteria, Chloroflexi, Z12]1! Verrucomicrobia
o} Z-2 oligotrophic bacteria’t $71stal, /7= &
o] .9 Proteobacteria, Bacteroidetes, Actinobacteria

o} 22 copiotrophic bacteria”?t S7Fstal &2 A
Ut 3, AFA/FE O] EqF Hlwsto] 57 2] Eoke]
e JEol e Ascomycota’t S7loRL
Basidiomycota”} FASHATHDe Castro et al., 2008).

2 A @olAE HE EHl= F9ohA] gol Ad A
1} vlwste] /71E o] A STk gl
v, AES A AEE2 vid RS st
1, EoF 3lebd 24 Ao 7)tste] ALbE 319
Hm7t BYE|glon, Aqu 2E9 IS 47
AT @stou ZEo] AstHA AEe &
gt o 5ol AAAHA EY Wl Fdo] =k
Proteobacteria, Firmicutes, Actinobacteria, 12|11
Bacteroidetesi=  #Zoll 22t Pseudomonadota,
Bacillota, Actinomycetota “L2] 3 Bacteroidota® ©|&
o] vt 317 wfEol(Robitzski, 2022) APA+ 2
Top 2 A s HwE o o]F Aefste] 11
& Saskelt

2 A Aol A= ZRA AL Fgle] 8 o] &
E Al ¥ copiotrophic bacteria® ¥E#
Pseudomonadota, Bacteroidota, Actinomycetota
% Actinomycetota?t 57}t 11, Pseudomonadota
9} Bacteroidotat= A5ttt 80| A= &
ZAAelA F7rt . 4Rl Ascomycota®ll &dh=
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Table 2. The list of bacterial and fungal indicator taxa according to cropping system

Relative

Domain ~ Group Phylum Class Order Family Genus Species abundance(¥%)
Monoculture Rotation

Monoculture ~ Actinomycetota  Actinomycetes Motilibacterales Vallicoccaceae Vallicoccus V. soli 030  0.00
Monoculture ~ Chloroflexota  Ktedonobacteria  Ktedonobacterales ~ Ktedonobacteraceae  Ktedonobacter K. racemifer 226 043
Monoculture ~ Acidobacteriota ~ Vicinamibacteria ~ Vicinamibacterales ~ Vicinamibacteraceae ~ Luteitalea L. pratensis 033 0I5

~ Rotation  Actinomycetota  Actinomycetes Kitasatosporales  Streptomycetaceae  Streptomyces S parmotrematis ~ 0.00 020
Bactera Rotation  Actinomycetota  Actinomycetes Micrococcales Micrococcaceae Arthrobacter A. cavernae 001 053
Rotation  Pseudomonadota  Betaproteobacteria ~ Burkholderiales Burkholderiaceae  Paraburkholderia P. lacunae 002 020

Rotation ~ Actinomycetota  Actinomycetes Micrococcales Micrococcaceae  Pseudarthrobacter P phenanthrenivorans 036 1.23

Rotation  Pseudomonadota  Alphaproteobacteria ~ Caulobacterales  Caulobacteraceae  Phenylobacterium P. mobile 006 017
Monoculture ~ Ascomycota  Eurotiomycetes Eurotiales Aspergillaceae Penicillium unidentified 808 158
Monoculture  Ascomycota  Sordariomycetes Hypocreales Hypocreaceae Trichoderma T. hamatum 080 021
Monoculture  Ascomycota Eurotiomycetes Eurotiales Aspergillaceae Penicillium P, simplicissimum 104 035
Monoculture  Ascomycota  Sordariomycetes Hypocreales Nectriaceae Fusarium F oxysporum 811 393

Rotation  unidentified unidentified unidentified unidentified unidentified unidentified 013 497

Rotation ~ Ascomycota  Sordariomycetes Hypocreales Bionectriaceae  Clonostachys unidentified 001 023

Fungi  Rotation  unidentified unidentified unidentified unidentified unidentified unidentified 061 667
Rotation ~ Ascomycota  Dothideomycetes Pleosporales unidentified unidentified unidentified 003 051

Rotation ~ Ascomycota  Dothideomycetes unidentified unidentified unidentified unidentified 007 087

Rotation  Basidiomycota  Microbotryomycetes ~ Microbotryomycetes ~ Chrysozymaceae  Sampaiozyma unidentified 026 093

Rotation ~ Ascomycota  Dothideomycetes Pleosporales Pleosporaceae Alternaria unidentified 005 072

Rotation ~ Ascomycota  Sordariomycetes Hypocreales Hypocreales Emericellopsis E. minima 075 319

Rotation ~ Ascomycota Leotiomycetes Helotiales Helotiaceae unidentified unidentified 003 020
Eurot1omycete89} Sordariomycetes”} /d4te A} Mol ASVE & 59| Ktedonobacter racemifer,
B3|, 22 A8l & Eurotiomycetest 5715 Penicillium 4| &3H= ASV, 183 Fusarium
O‘/} Sordariomycetest ZA5t . 2 A2 A oxysporumo] =2A7] A PTe} vl o] =2 Al
QAPET CHE T ChE S olgslo] SAERle  FHEES wol uj% olojzl|e} Pelo] 2 RS

™, phylum® class F=<=olA 9] 242

L=4ye]

S Xt Q7] el 47

_L]'L

& =

Aok

[e))]

ll

;2]6}93\014- QH 754)(1— Ao Avfz /H:qop] SE

Indicator taxa analysisE Boll ZF A Ao A

Aoz FostHA &

=
[e)
AT 4 A%

T ASVeF 47112] Fgo] ASV7E 4

A= 3L

< THEE Hol= ASVES
g, o]e15l7] ﬂﬂ?oﬂﬂh 3719 Al

qu Z] 7]

A2l A= 5719 Al ASVet 9719 J-”J’O] ASV7}

A t(Table 2). 0101217 Al@TLollA] 4

e 7

oAl w8 e 52
A ol 289 49 5ol H4

Z=5t 4= 9)olth E# A1 7] A|F 1
0}r O ™

Wi X R

ASVE
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REE Ho Fato] E8A7] 27} o5
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gLt A Aol Fgo] 1 4 At 2 AIF L] o]0
A7 @A w2 AHNIEEE ¥R Fusarium
oxysporum® Penicillium &9 23t 3718 &9l
)

HE E Fusarium oxysporum®] 884 A2
OFYRT £ oxysporum®ll &5He 29 strains-2 vl
FNA AEEe Fdcts HYd LR HFE o]0
A716t0& o D=7t F7tsto] B Aol SRttt
RH31E 87 itk Moon et al., 2001). 2322 2 A
oA F oxysporume] ©]o1A 7] Al@ oA f-2l5t
Al F7Yst indicator® AEH Aik= AgA~+et &
Aste AR AZES, d#Y Penicillium 4501
Fusarium &3t @7 #jF o]ojA7] A&+ in-
dicator®2 AE 2 A4 A1t BF, EvfE FolA
Penicillium 4°] W4 Fusariunrs AT B
T35t W A AFL-=IHSabuquillo et al., 2009; Li
et al., 2020) YAI5HA] &= AFHZ Penicillium®] ¥R
9] A& Auliet TRlo] YA TH[H] A= 5
7HER1 A @t B0 2% Ao r AZHr

Fte] 837 AlEFY indicator®2 AEH
Pseudarthrobacter phenanthrenivorans2t
Emericellopsis minima®l WeiA 52 Aulict= &
A2t TAE APAT= A7 = BEER] ¢k
S} creosoteZ LB EFA B2E P. phenan-
threnivorans Sphe37t Hl&=9] &0l Uty B
a7} Elof(Asimakoula et al., 2023) & ATolA F
=237 &9 indicator®2 AYH P phenan-
threnivorans &= 5732 W f71= 2oli2t B0 3=
7Vs/d& b

ZFEA A T2 core ASVES] FH LS H gt
= indicator taxa analysis®] 235 ST
(Fig. 8.). Core ASV B42 £ A2] ¥ olzt
AAE 1efolols off -0 EXct= ASVES
Al o] oA 2 1270, 13708 Aot 2
FAeof wheh FHEO] 2|7t Q=25 A5k
I A3t M9 core ASV EA(Fig. 8A)AE
Ktedonobacter racemiter7t W5 ©]o1A7] Al@+
oA A7 AU AlE A EYHET A5 =2
SHEE HJO2H indicator 421}t LX|5HS
ot F3te] =AY Aol Bradyrhizobium
stylosanthis?t 101 A7] A/ @<} v wot =2 T
TE Hot

Ui

=

Morris et al.(1998)9] A-olAE F2] oA
FH|EE= isoflavonesd dFoz Fo] LHod=
Bradyrhizobium japonicum ©| B7A=H & LH]
A mAE YL AT A dFM=
Bradyrhizobium genus®l &3shk= OTU7t 3¢ <4
& FoNA =2 vlE&S A6t Jlekal B st
(Lee et al., 2015) Bradyrhizobium genus’} &3}
e Aol a2 AlAsHAT

o] 9] core ASV 4 ATtof| A= do]EH]
o| A7} o} AR = &S] A 429 ASVE©] 573
o] ¥|7] ¢ro} =% dlo]ejHo] A7} 741 H of| whet ThA|
VA4S ol B Zart qliokal weheh A< glolefH|
o|AF EUE core ASV £4& 445 At A=
ASVE Ttoll A= ZEA Al uhE ol E= 2lolE |
ol kout(Fig. 8B.), 13719 ASVE Sl
Chaetomiaceae Family°ll &5k= ASV7F 470t €<l
=, v, Ghlls, BEEe FolA HE dore
HAF o2 dHA Q= Olpidium brassicacs 23l
o 4 Q51w o]olAlr] AlAAY] indicator= A
HAE £ oxysporum & core ASVE AHE]o] o]o]
A7) A@FollA FH A7) AP ET Ot =2 FH
T2 EAE 2RI 4 Uit

F. oxysporunr indicator taxa analysis®llA =
o]ojA 7] Ao A oF 8% Fke A FHIER oF 4%
Q=2 A7 AT EY 28 7Hto] =2 AU FRES
Bty B A3AoAe 2R W O, pras-
sicae®] FHEO| FoJgt TS ERIskA] = o
HjS=et 22 AApslate dejxl FAoA L oojAl7]
E 5192 W O. hrassicae’t 25t S7lotAt=
KH317} 9lej(Hilton et al.,, 2013; Bennett et al.,
2014) B} F71H o5 vjFE o]ojA 7S A EY
W Dot 371 7hsAdol el mehET)

7141 Blo A F21317] A= o]0 A 7] Auy
o} H|wsto] L@ Ee] §-83 &l 4= E
FU FE T TS HXT 4 Q7] vl AEed =
o] EelAl7] 2= AFEo] o] 8 4 Sl Y] o]
SEE SAANA ZE9 S SV 4 v
dHA tHRyan et al., 2009; Guiflaza et al.,
2010). & Aol A = 41 0] vl F Big 2AF A7) 5
AT FH 7] Al oA 2 oF2 B
RO, 2] Al F19] ZAF A 7] ol A & F-o)/d-2 §ISL
ou A7) AT T2 TS Bk

0.

I
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Sphingomonas parvus |
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Chtheniobacter flavus -

Vicinamibacter silvestris

Initial Monoculture Rotation
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Fig. 8. Heatmap of bacterial(A) and fungal(B) core ASVs according to cropping systems (bacterial core ASVs were selected
with 0.002 of detection and 0.5 of prevalence, fungal core ASVs were selected with 0.008 of detectino and 0.5 of
prevalence).



3R] oFWF(Brassica rapa subsp. pekinensis) oA 8
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Bradyrhizobium stylosanthis?t &#317] ZH9]
indicator & ATENCH, B stylosanthiss B
1A FAFez dHA Slol(Delamuta et al.,
2016) =9A7] ZHA 9] wjFe] =2 AHiHdo
71olele Ao AZtEch Est AlY 7]17F St
S Bo] WAL SIS 4= glgl o} v o]ojAl
71 A@FollA E oxysporum® BxE7t f2JsH 5
7ot o]ojA7] A AN FF EF a4 e
o2 i3 Aol oEeE AS 4 22 AlAL
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4.7 2

2 Ao A 837 =] B FE o]o]Al 7]
HijotlS wfo] 2HEo] b, EQF !
=R BigkE T viSE =
o v wsto] A7)|7F o]0 A 715 Sl= 2HE FE|7}
Ay 9 Efol| m|x]= S BAHA
Fe] 37| A AeA= i ol 1171 ZJBHL
o vl wsto] HES] F=5o] ofF F7lotl o & 2
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H o folgt Zpol & Kol &= ofottt. 18 ESF
A=A Al 58] 4 B &3] Ald
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