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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, Preongchang 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 1.540.11 a 1.74£0.07 a
2016 . Cabbage monoculture 1.2£0.06 ¢ 1.6+0.04 be

Before cropping
Cabbage-Soybean 1.3+0.08 be 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 bc
ter cropping

Cabbage-Soybean 1.4£0.02 ab 1.5+0.04 ¢

p-value

2E A g oAl Upx]e} vt Fo R SR L
7} 9F 7oAtk AR ] = ANA Ay ot
H|wsto] A7 Al B & Upx| e} Hl S o]o] A7)
Ao Folet fishrt glglov viEet 3 =4
A7) AT HES] SAUET} folgt 50
2 Zrastact

EY 398 AIE Zdate 89z e] Huks S
St FHA 2HE A Mol BEC] =52 WA
ot vl wste] 2HE-2 Aust e Aol Aol w2
zto] glo] & FEES H oL 87 AHE Al%s)
of £33 ol F AEAY BF RES] FFE0] U
29} folgt Afol7t gl Eo = Frastlet. 1y
AEO] 352 FHA 2E Al o= yx]et F= 2t
KAl o] g=Eo] H|5gh o] glot 81 Aul Fof
£ HE T AR 7ke] folgh ztol= glAT yhx|et
H|wsto] 22 st AS Al HES] B8] folgh
S0 2 Z7V e I 4 ASNTHFig. 2.).

EoFo] 4L} 1.5 Mgm™ oAollAE 229

f .

A
B
- NS NS
200
10.0
0.0

Bare field Cabbage meneculture

2016
Eefore cropping

£
=)

Porosity (%)
]
o

o [
A

NS
Ii IE

Cabbage-Soybean

Aol & 4 9don, §AUET} 1.1-1.69 HH
oM SHULTt SIS AE0] STl da
SHATH= Ea17} QItH(Kim et al., 2010). i<}t 59
e ke e o] whet Afol= UARE FujollA EE
AHH O & A2 Aulgt A+ A vjFo] 24
Zol=19-29 cm, B2 27-32 cm W= HAISHH S
o, Hd A% Hole= AYE 7|52 & HiS= 58 cm
T2 56 cm & EEo] £ ZHgo] & ztolg HolZ]
R tHZhang et al., 2017). 2 AldoA BE=
10-15 cm Z°l, HEE 20-25 cm Zol9] EFES A
F5to] BAstA =T, 89 7He] ZHE Au] & A EofA
T ZAARA Y 5 U]} Hlwste] 3550] $715H
o}, 535] vjFet 3 23] Al A A ES] 84
T7h AR Avbs 2FEo] g e i 5419 zto]
H ot EY f7lE, W 5= R Al &<
T AT 4 gty BAEHMarinari et al.,
2000; Kaduyu and Musinguzi, 2021).

ZrRA A g B 2FeHd ®3}F A= Fig. 3.0

NS
I |
Cabb: I i

2022
After cropping

Ns L
I |
Cabh Soybi

Bare field

M Topseil M Subseil

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-value { 0.05, **p-value { 0.01).
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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), A&t=2] &
Foll W vBEHY H|W(Benitez et al., 2017;
Samaddar et al., 2021), 231 ZFAA 8 ol
e 23t E4Jo] or2 73 (Oberholster et al.,
2018; Town et al., 2023) & THFe 821S 1125}
A7t Y= et 2 Ao}, o R-20) 79 Al 25
o] 23 BFoA nE TP 2 AFEA ol ot
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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. i 22AA 0| 2 D¢Ed 2 Hlu

8 F HjFE olojA7|stE wiet T &2V
Sl wjo] ESF Al 2 F73o] M= +H= 245t
Ark. 7L AT At R ol A= 2HEE AR & A A
2o} A $lo] Acidobacteriota, Bacteroidota,
Pseudomonadota, VerrucomicrobiotaZ}t 7F4skal
Actinomycetota, Bacillota, Planctomycetota”} %
7kstel o, E38] o]ojAl7] AelolA+= Chloroflexota
7t 22 A REE BYoH, EA7] HEoA+=
Pseudomonadota’t =2 & EATHFig. 7A.).
THo] FHoNAM= =S AietelS o AFA et
A ¢lo] Sordariomycetes, Mortierellomycetes”t
#4583l Burotiomycetes”t St oH, E2317]
AelelAe olojAr] AHHFHTy oF sHf =2
DothideomycetesE &1& 4= UL, o]ojAl7] A
2|4l Burotiomycetes®t Agaricomycetes’t =
HA7] Aelte} Hlwsto] oF 3uf =2 Hl&-& |5t
AL SAATH(Fig. 7B.).

EC* W71 e ol el B0 dg
Sk s

Ac1dobacter1a Chloroﬂex1 :LELL Verrucomicrobia
9]- 7O

ZFo] =0 Proteobacteria, Bacteroidetes, Actinobacteria

2 oligotrophic bacteria?} $7}stal, 471& &

o} 22 copiotrophic bacteria”?l £7Fsttal &# A
Ut E3E, ARG Q] EF Hlwsto] 57 2] B
Ae #3830l 39  Ascomycota’t F7FotAL
Basidiomycota”} A4S THDe Castro et al., 2008).

2 A FA = HIE EH[E FYtHA] dol A1 A
i} HhLO}‘ﬂ F71& ol A Ik fgte
v =2 At AETES Wid Hes
1, EY 2}6“4 =4 dato] 7|dtste] ALte 3tst
H 27t B=9low, el 2= Es 4+
AT Fstou d=Eo] AYstHA e
gt ¢ Fol AALHA ESF el FYol =tk
Proteobacteria, Firmicutes, Actinobacteria, ZL2] 11
ol Z¥Zt Pseudomonadota,
Bacillota, Actinomycetota “L2] 3 Bacteroidota® ©|&
o] H3l7] wEel(Robitzski, 2022) AFAT A
Tep Z A s Hlud o o]F Aefste] 1
& Yoot

2 A3 dato| A= ZEAA L Ad3glo] a9 2
= A = gzl

Pseudomonadota, Bacteroidota, Actinomycetota

o%
ol
-

Bacteroidetes=

copiotrophic bacteria®

% Actinomycetota®t S7F5}9 11, Pseudomonadota
¢} Bacteroidotat= A4S, F80] YN E &
AANA St d2% Ascomycotadll &5hE
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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 033 015

Bacterla Rotation  Actinomycetota ~ Actinomycetes Kitasatosporales  Streptomycetaceae  Streptomyces S parmotrematis 000 0.20
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 ~ 1.04 035
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
Furotiomycetes®}t Sordariomycetes?t /34td Ax} Mol ASVE & 59| Ktedonobacter racemifer,
£ BAE], 2= AUl 3 Eurotiomycetes® 57 FoH Penicillium %l &3H= ASV, 18|11 Fusarium

91} Sordariomycetest FASHATH 2 Al@2 A5

A=} o2 2t ‘:}E =S
™ phylum¥ class =

= O

ﬁﬂi

o mgtel 9l e
shglont QR Avke AR it A9s] of]

of 2

28 olgstel FaEglo
Fol o] BALS Thoret nE
Ak Adaedpor

Qo]

i

2+ HEo|glong F71H O R genus®t species T
QE A& gaste] nEFH Y Aol & Hlwstar st

Indicator taxa analysis%
AZSE FootA =2

1% 4 9l

s1o]s

ri).i‘r:hjkf;ol-m

Boll ZF A A2l
S ZHLE Holk= ASVES
ﬁlﬂﬂﬂﬂﬂﬂ¥ﬂﬁbsﬂﬂﬂ
ASVE} 471 9] Fo] ASVZE AREIT, E2317]
2] o A= 5712 Ml ASVeE 971 2] o] ASW}
e QItHTable 2). ©]olA7] AlFTFoA] Add

oxysporum®] EHA 7| A @<} Hlwote] =2

g 2o v

A B0 29I 39 540] 7
o] Helo] Hgo

7hsAel %

el

olofaiz]oh pgle] 2 ulAEE
Qlgick. E317] A@el

oFr O tHH

wWi- KRR

ASVE
W Pseudarthrobacter phenan-

threnivorans, Emericellopsis minima?}t =2 74
RS Hol Fate] S| A3} oS3} Belol

1S Zlo g Wto] w9t
o]oj A1 7] ZHEL 9] indicator® 4
racemifere 2O A BiFE 7H <

AN Ktedonobacter
A4 Aufet Bak et

al.,(2022)9] Aol A& Ktedonobacteraceae family

7% olojzl7] AET]

29 EIA fI5H =

S ZRLE Ho gjF2 A& Qg 4 2d 2
H) g Eoko|A 2718t 7lsA o] Erha AzbETh 1
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Ut AP Aol Fgol 7 A At 2 AR L] o]of
A7) AN@FNA =2 AHNSREE ¥R Fusarium
oxysporum® Penicillium %9 23t 37 &<l
4 A

HE BE Fusarium oxysporum®] 8889 A2
oMATt £ oxysporumell &= 2E strains-> vl
FoA ANEFEE A5 YT o= HiFE o]
A5t o) Dert F7tste] B Aol SRtk
B % 87} ItHMoon et al., 2001). 1822 2 o
FAA F oxysporum®] 1A 7] Al@ol A f-2lst
Al F7Yst indicator® AEH A= AgA~et &
Aohs Atz AZEnt, 23y Penicillium 40|
Fusarium &3 @7 #jF o]ojA7] A|&@+9] in-
dicator® ALE 2 A+ dit= g5, EftE FolA
Penicillium 4°) W4 Fusariunrg SAITHIL B
gt 2 AP AFETHSabuquillo et al., 2009; Li
et al., 2020) LA|5HA] &= AHZE Penicillium®] ¥R
9] A< Aulet TRlo] YA THEsH] A= 5
7HER1 A @ B0 2o Ao w A7)

Ftel =AY AETY indicator®2 AEEH
Pseudarthrobacter phenanthrenivorans2}
Emericellopsis minima®l WeiA 55 Aulict= &
et TAE APATE= AR = BER] ¢k
S} creosoteZ LA EFA 22 H P. phenan-
threnivorans Sphe37t H&=9] &0l Yt B
317} Hoj(Asimakoula et al., 2023) &2 AN &
=337 A9 indicator® AYH P phenan-
threnivorans & 5732 U 71 o2t THo] A=
7Hs/8& AAFsFSIT

ZHEA Ao 2 core ASVES] FHEE H|wet 2
I indicator taxa analysis®] 235 SEHstAth
(Fig. 8.). Core ASV 242 EX A7 & opzt ME
AAE 125t of ¢HH o2 EAfot= ASVES
Al Fgo] wollA 2 1270, 13708 Adste] 2
HA o] et FRE9 2fol7t YA E A5FAT
1 A3} Al core ASV EA(Fig. 8A)NA=
Ktedonobacter racemiter7} ¥l ©]o1A7] Al@+
oA EHA| AU AlE A ESHET AT 5] =2
SHEE B2 24 indicator 44 7te} U]t
ot Fate] A7) MA@l Bradyrhizobium
stylosanthis7} ©]013 7] A|@+e} vl wote] =2 5
TE By

Morris et al.(1998)¢] dA+ollAl= T2 oA
HHE= isoflavonesd F&o=z F9o Zdod+=
Bradyrhizobium japonicum ©) WA=, F +H9]
Y udE P& BN AY dAdAx
Bradyrhizobium genus®l &3shk= OTU7t <] <@
| AE FHoA =2 H&S 2HA]skar vkl Barst
o(Lee et al., 2015) Bradyrhizobium genus’t &}
AR Aol =2 AlAksHAT
Fo] Z39] core ASV £A Ao A= ol EfH]
27} oA = &S] A 9] ASVE©C] 54
2] ot =5 dlolg o] A7t 7841 H o whaf ThA|
ol & "t qicka mebEct o] dioleH|
o] EY= core ASV 24& 4343 A} A=
ASVE Trol| A= ZEA Al T el El= 2polE K
o|z] ¢IStolkFig. 8B), 1379 ASVE FO
Chaetomiaceae Family©ll &5}i= ASV7F 4701t &<l
HAA, v, G, B2 EE FolA e o=
HAdo 2 dHA = Obpidium brassicaes 231
ot 4= qllem, o]ojAl 7] A@+Y] indicator= A
HAY £ oxysporum = core ASVE AHE o] o]
A7 A@olA 2227 A @R T 52 T
T2 A5 1T 4= AT
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o]o]A 7] A|FFofA] 2F 8% Fk At FHER oF 4%
QA EHA7| A FFET 28] 717to] 22 TR EE
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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).
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