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Soil Chemical Property and Microbial Community under Organic
and Conventional Radish Farming Systems

Kang, Ho-Jun - Yang, Sung-Nyun - Song, Kwan-Cheol -
Cho, Young-Yuen - Kim, Yu-Kyoung

This study was conducted to investigate the responses of soil properties and micro-
bial communities to different agricultural management and soil types, including
organic management in Andisols (Org-A), organic management in Non-andisols
(Org-NA), conventional management in Andisols (Con-A) and conventional manage-
ment in Non-andisols (Con-NA) by using a pyrosequencing approach of 16S rRNA
gene amplicon in Radish farms of volcanic ash soil in Jeju island. The results
showed that agricultural management systems had a little influence on the soil
chemical properties but had significant influence on microbial communities. In
addition, soil types had significant influences on both the soil chemical properties
and microbial communities. Organic farming increased the microbial density of
bacteria and biomass C compared to conventional farming, regardless of soil types.
Additionally, Org-NA had the highest dehydrogenase activity among treatments,
whereas no difference was found between Org-A, Con-A and Con-NA and had the
highest species richness (Chao 1) and diversity (Phyrogenetic diversity). Particularly,
Chao 1 and Phyrogenetic diversity were increased in organic plots by 12% and
20%, compared with conventional plots, respectively. Also, regardless of agricultural
management and soil types, Proteobacteria was the most abundant bacterial phylum,
accounting for 21.9-25.9% of the bacterial 16S rRNAs. The relative abundance of
putative copiotroph such as Firmicutes was highest in Org-NA plot by 21.0%, as
follows Con-NA (13.1%), Con-A (6.7%) and Org-A (5.1%.), respectively and those
of putative oligotrophs such as Acidobacteria and Planctomycetes were higher in
Con-A than those in the other plots. Furthermore, LEfSe indicated that organic
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system enhanced the abundance of Fumicutes, while conventional system increased
the abundance of Acidobacteria, especially in Non-andisols. Correlation analysis
showed that total organic carbon (TOC) and nutrient levels (e.g. available P and
exchangeable K) were significantly correlated to the structure of the microbial
community and microbial activity. Overall, our results showed that the continuous
organic farming systems without chemical materials, as well as the soil types made
by long-term environmental factors might influence on soil properties and increase
microbial abundances and diversity.

Key words : andisols, conventianal farming, non-andisols, organic farming, soil
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(Tilman et al., 2002; Hartmann et al., 2015). 18|32 &
Ag £21, 8 T 4 T8a Y o8 U 5
A7} ATHWang et al., 2016).

F715d2 s =4 T 2AF FAAC oEste Ao S T
ko & A A= A= (Gomiero et al,, 2011), ]2} #&H3te] {715 AW FAH
< W EG AEHAY AETFE S S7HA7I= 202 WA AL 9l O W (Beilen, 2016),
ATl A #Y e {7 BEdelA mAEe] F FHEY del SUleke AR
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gL &, FHEE AN 282 fU1E FYSE Q1S heterotrophic microbiota®]
oA FEdUA EY F71eh4 F7ket Aol Q1o m(Liao et al, 2018), 3}5t=d £ 7+
&= WA 5 e E d¥dol vkl EAlE ITH Chaudhry et al., 2012).
T3 HZoll= AU A 7] A E(pyrosequencing)¥} LEfSe (linear discriminant analysis (LDA)
effect size) &A1& &ste] 712 & Au) 213 AdE vlo]lempAE A @l
(Segata et al., 2011).
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3 A2 S TE3]= o]E-2 AA ol (Mader et al., 2002; Hartmann et al., 2015). &3], =
WollAi= T2 F7154A A f71AdY &40 &8& FARE 459 LS =0l
v Aol 2Ho] gtojA o, frAA] Flo| mE vH e dd AU E] v
E O 37k 22 24 A F SEF S i A e BA ¥ B3 AlFEe
A F-oF g dF4S mdoR LHEEE 93] A E Andisols¥} Non-andisols EF
o] B¥3ly 9lom, 7+ Atk Yk o7 I EE
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7)
0 3 QIR 5 0] 85% ©, f71ESFe] HiF 110~150 mg kg
o2 ul§ o FE FAo] HISMIZEY ofF TE A tHUgolini and
Dahlgren, 2002). Adams (2011)= AFE= EY vjAES] e B4 7 2o Aol=
A% BEofol B 58tz Ao o)} utH glol 3 FAo) J&Fe T, Ao ¥
= "ol 73 FxoF vl dFES Foha ST

metA] B AFE AFAY F FaA A Al RG] vs. BT ES FFRESHHE]
E vs. HISRES E)o]| W2 EFe] 338t4 B4, vAE &4, 181 rAE o 78S
A5 891 2 ABAEE FHE] fske AT

A

e 73
CIERtE

1. ZAHAH

2 AT= AFAY F FAR A Al I B FF T 4A7HA FELE TSk Al
S YAk (1) F8Y A u)-3}43] E(Control-Andisols), (2) 3§ #H vlj-H] 3}-4F3] E(Control-
Nonandisols), (3) +7]A4)-8-4+3] E(Organic-Andisols), (4) 714 vll-8] 3}4} 3] E(Organic-
Nonandisols). 714 A@E24-E 10 ol fFrlede=z e A+ AFS A3t
Aom AP 24 AT BEYFol ZAY AR Ao g2 A7y 7Y A
ot AlE B 7+ Song 5(2014)9] Rl whel AASIAI Fr1A] Ee ARG
Ay} 745 2, YvlE 1714 5 S48 E(Andisols) 3749 585 2, steE 1 28ja €
HE /A& 5 B34S E(Non-andisols) 47142 7 A0 #APA 0] 42 Qu|E <l

o YT IMEE ALt F71AN ESY 22 ESFTOE A AT (Table 1).
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Table 1. Site descriptions of the seven organic and conventional Radish farms in Jeju island

No. | Farm code” | Management Location Soil series Soil classification
1 Con-A- | Conventional Shinsan Pyoseon Andisols (Pachic Melanudands)
2 Con-A- I Conventional Sehwa Pyoseon Andisols (Pachic Melanudands)
3 Con-A-1II Conventional Pyungdae | Haengwon | Andisols (Pachic Melanudands)
4 Con-NA- | Conventional Shinchon Donghong | Non-andisols (Mollic Paleudalfs)
5 Con-NA- II Conventional Shinchon Donghong | Non-andisols (Mollic Paleudalfs)
6 Con-NA-III Conventional Shindo Hawon Non-andisols (Humic Hapludults)
7 Con-NA-IV Conventional Shindo Wolryeong | Non-andisols (Typic Hapludands)
8 Org-A- | Organic Shinsan Pyoseon Andisols (Pachic Melanudands)
9 Org-A- 11 Organic Sehwa Pyoseon Andisols (Pachic Melanudands)
10 Org-A-1ll Organic Handong Wimi Andisols (Acrudoxic Melanudands)
11 Org-NA- | Organic Shinchon Donghong | Non-andisols (Mollic Paleudalfs)
12 Org-NA- 11 Organic Shinchon Donghong | Non-andisols (Mollic Paleudalfs)
13 Org-NA-1lI Organic Shindo Hawon Non-andisols (Humic Hapludults)
14 Org-NA- [V Organic Shindo Wolryeong | Non-andisols (Typic Hapludands)

9 Con, Conventional management; Org, Organic management; A, Andisols; NA, Non-andisols.

v et AHgsiden mAdE B4R AR |sE A
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< st dxTE HES EYASE B2 HJ‘?;# FAE Afste] A8kt
Grais G2 Casida 5(1964)9] ol wel FHE 6 goll CaCOs 0.05 g 1 mLe]
3% triphenyl tetrazolium chloride (TTC) -89 7}sle] & &E313F & 37C x4 24
hr HH st vl 3 A= 2,3,5-Triphenyl formazan (TPF)% methanol 2 FE3}o] o3}

4. 2 v E A £4

E v E2] DNA F52 MPbio A2 FastDNA SPIN KitE AR8-31%.2.H 7] EQ] protocol
of wz} B4& 235Ut PCR SZL 16S tRNA gene?] V3olA V4 HHS ZZ3}7] 9
3} forward primere 341F (5-TCGTCGGCAGCGTC-AGATGTGTATAAGAGACAG-CCTAC
GGGNGGCWGCAG-3") 18] AL reverse primere 805R (5-GTCTCGTGGGCTCGG-AGATGTG
TATAAGAGACAG-GACTACHVGGGTATCTAATCC-3")& AH&3}3it}. PCR WHg-xA2S A
A 732 95T ol A 38, th ZF dAlIA = 95T (30=), 55C (30%), 18]l 72°C oA
30% WHS-S 253 HbESle] FEala vpxwo 2 72T oA sE ¢ whSElth Ela
Illumina Nextera barcodeS F-2A17]17] 9138 23} HF-S- primer+= i5 forward primer (5'-AATGA
TACGGCGACCACCGAGATCTACAC-XXXXXXXX-TCGTCGGCAGCGTC-3"; X+ barcode
region) 123l i7 reverse primer (5-CAAGCAGAAGACGGCATACGAGAT-XXXXXXXX-GT
CTCGTGGGCTCGG-3)2 AF&3F3ith 23} PCR ¥H3-2A8 =2 3147} 83]¢] AL A 95}
™ 12} 982737} Z2-TH(Chao and Shen, 2003; Bolger et al., 2014). PCR % 4FE-2] pyro-
sequencing 412 Illumina MiSeq Sequencing system (Illumina, USA)S AF83t3 Q&
Chunlab, Inc. (Seoul, Korea)oll Al =38)3}Ath 4 ZA3=2 A o7 Taxonomic composition Z
A B4 59 I AAEELS W (http://www.chunlab.com)ol| 4] A A $+ EzBioCloud
16S rRNA database2} MTP Pipeline &= #41-& X3ttt M9 & FTHEE Ace, Chao
1 A4, F A2 Shannon¥ Phyrogenetic diversity A5 ©]-83F5 T =3+ 28] 7t 1
AE 3 T AolE AFTEE vlwdtr] 915ke] distance matric 2 Jensen-Shannon
H(Lamberti et al., 2008)& ©]-&3-51Th

5. SAEA
A @R L SAS ZFTH(SAS version 8/2, NC, USA)S o] &3 om, H#7 423 7
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7] Duncan's multiple range test 2 t-test® 95% Tl 4
EoF ZHW ulo|QulAS Ty 9J5te] LEfSe #4
Sivan et al., 2015).
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& Aul W] vs. BEA)H BEF FHEIIIE vs. HISEE E)of| & 3}5)
2% A= Fig. 13 2T F/47194(TOC) TS #7]-34138] E(Org-A) 2t #-38-
3}1ES E(Con-A) EFAlA 242 9.1 8.1%, F7]1-8]13H4H8] E(Org-NA)S} #3)-v]shits] &
(Con-NA) EFolA 2+ 1.7%2 1.3%= 122 Zpol= glovt tiAl=Z fF7]A40] Bkl
A =2 Aot Hhe shits| Ee] TOC g SIS E Bt o8] = =31 A4S
zFo] 2 B ATHFig. 1A). FE04F S Org-A9 Con-A EFoNA 22t 529} 61 mg kg,
Org-NAS} Con-NA EUE ZHzt 4219} 339 mg kg' = Al ¥ FolF Q) o= Qe
o, TOC $F7= W2 ]SS Eo A 6.74] =31 A S 2ol & B A THFig. 1B). EY
pHE Org-A9} Con-A EFolA 247+ 56 2 6.2, Org-NA2} Con-NA EoA 27t 6.0 2
5182 9 3Z¢l 2FolS YEFATHFig. 10). A7 A ES(EC)E Con-A EXOIA 1.0 dS m' e
Z 7} =31 Con-NA >Org-A>Org-NA 2.2 ZHAstgon a2 {72 u] EFo] &
&) o] WAthFig. 1D). X130l g Hishits| Eo] A9 f7|Au) EolA tha
=2 Aoy folAQl Aol Uk W st EE g D nadls gl
Con-A EolA =94+t o= FUF X (Con-A-1HY HSA AEZ 3] WA Htol
Eolz Ao 7 AR ¥ KFig. 1E, F, G).

ool AitE BHH E 3t Al HE Z Ao]lE HolA| Ztou HIFMIIE
o] 739 pH, FrEIAY, X8 ol FFe fr|An Ee] Bl ] AR w2 A
o|Jth HiHol| EoF FREZE TOC, A4 181 XNBAHZF ol Flg 2o
= 1Yt o] el Aol A Whalen 5(2000)2 3}5}n] A 42 Q1 AHE-2 acidification )
nitrification 2802 EY AEE TFaAT= W 715 AlaEHdAE EH] SolA
2] == bicarbonate %! organic acids®] ¢+FZ-80 2 EF pH7F S7HgHH A ST 1]
3! Liao 5(2018)2 F7]-AldEfolA 7184 dAe} Q1 o] #d) tiv] 137% H 711%
SR oY =AY A frrlek #d EF 1 Ao
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Fig. 1. The soil chemical properties under different cultivation systems and soils of Radish.

Con, Conventional management; Org, Organic management; A, Andisols; NA, Non-andisols. (A), TOC
(Total Organic Carbon); (B), Available phosphate; (C), pH; (D), EC (Electrical conductivity); (E), Ex-K
(Exchangeable Potassium); (F), Ex-Ca (Exchangeable Calcium); (G), Ex-Mg (Exchangeable Magnesium).

b Different letters indicate statistically significant differences by Duncan’s test at p<0.05. The error bars

indicate standard deviation.
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Fo] Al UEE Org-A9t Con-A EFANA ZH2 7329} 470 (x10° cfu g, dw), Org-NAS}
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S00 3 ‘E" 160 "
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= 2 60 -
& 300 4 ggn hec
£ 200 - d E 40 1 c
L £
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Treatment Treatment
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- M i
E d g 200
£ 507 ’—I—‘ 100 -
D - D -1
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Treatment Treatment

Fig. 2. The soil microbial density and microbial biomass C under different cultivation
systems and soils of Radish. Con, Conventional management; Org, Organic manage-
ment; A, Andisols; NA, Non-andisols. (A), Bacteria; (B), Actinomycetes; (C),
Fungi; (D), Cmic (microbial biomass C).

*¢ Different letters indicate statistically significant differences by Duncan's test at p<0.05. The error bars
indicate standard deviation.
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Con-NA Efol A= Z+z} 30034 125 (x10° cfu g, dw)E 71 A1H) /\l sS4
EollA 2472} Levl, 248 F7lst o #2Ql ztolE HAok WA 2
Al P3| Ee) HISks] Eoll A sl tiu] Zhzh 2w, 1.58l, At “E‘E
184 7tk fol &<l ApolE BATh v A =4 ZFH(Biomass C)2 Org-A2} Con-A E o
A 247y 4833 375 (ug g, dw), Org-NA2} Con-NA B = ZH2} 24134 158 (ug g, dw)
7128 Al shaks| E o) HlSkaks] Eol| A 27} 29%, 53% S7FSFH o fro) ARl Aol
ATk ¥hdol| B¢ FREE B SIS EoA £ Fo| Al AolE Bt 18l
o] Bojats Prads AL Org-NA ESoA 1229 (ug ¢!, dwZ 7H =3
Con-NA tiH] 38 F7}8lAthFig. 3). o132 Ao A Ald 59 vAdE 25 9 7
AEAZF S ESF S/l dARle] F71A4M EdolA B8 tin] S7tstdon, gs4aa
A2 v R 9 fr|Au EkddlA dA T F7tetAh
o|&} fFrAFSHAl Wang 5(2012)°] fr7]1et #FAu ES vHlug ATFES 123 A3
Biomass C & P EAFH r]dE 55 9 tFdo] f71AM EYFA Srlstdtta
3RO, Lori 5(2017NE 2] ATFES B8 B {F7AH] E¢Fo] &8 o
g4 Fol 32~84% ZF7FetAThaL ATt =g
°]

¥

rl

v] A &4 (Biomass C2} N)I @FAg4
Deenik (2006)= SIS EoF &FrF HA4H Ql4te] RES7] v vAE E4do] ¥
T 332 H, Joa S(013)% AFAY EFS FibEh B4 FHA o8 F¥
Telo] vstats| E7) Stk E Kok okl B skt
1400
a
__ 1200 ‘I‘
E 100.0 -
E
2 BODO -
5
7. 600 - 5
E bc
o 400 - C
g
200 A
00 -

Con-A Con-NA Org-A Org-NA

Treatment
Fig. 3. Dehydrogenase activity under different cultivation systems and soils of Radish.
Con, Conventional management; Org, Organic management; A, Andisols; NA, Non-
andisols; DHA, dehydrogenase activity.

** Different letters indicate statistically significant differences by Duncan’s test at p<0.05. The error bars
indicate standard deviation.
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£ oAb eh Bl mokel wlAE by A%

Au Y R EY FRE M o TFERE vlas) 7] %18l UPGMA (unweighted pair
group method with arithmetic mean) dendrogram %53' S AASE A3 IA EHTEY FAF
go] A& sMIFES} SIS E 2709 TOF S 5 ATKFig. 4). 1AL 25 WellA
+ AH o E EYEE AR 2R TEE E%‘\Q‘ﬂ HISHAS B T1&F WollAe Al ¥y
H H| 23 FHTERE BT o] AAelA A 2T BEY TRE Aolvt AH
] B =835 EA43 tEo] AESHE S4o] s oA
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C-MA-DH(Z)
C-MA-DHI1)
Fig. 4. UPGMA dendrogram under different cultivation systems and soils of Radish using
Jensen-Shannon method. UPGMA, unweighted pair group method with arithmetic

mean; C, Conventional management; O, Organic management; A, Andisols; NA,
Non-andisols.
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Table 2. Comparison of bacterial diversity indices derived from 16S rRNA genes under
different cultivation systems and soils of radish

Treatment” Average P value®
Richness and
Diversity index” | Con- _ Org- Con/
Con-A NA Org-A NA Con | Org A NA Org A/NA
OTUs 4374 | 3796 | 4442 | 4497 | 3988 | 4479 | 4408 | 4146 | 0.223 | 0.352
Richness
ind Ace 4703 | 4059 | 4767 | 4825 | 4274 | 4806 | 4735 | 4442 | 0.194 | 0.329
index
Chao 1 4526 | 3898 | 4565 | 4622 | 4107 | 4603 | 4545 | 4260 | 0.211 | 0.333
Shannon 7.2 6.7 7.4 6.8 6.9 7.0 7.3 6.8 | 0.364 | 0.002
Diversity
. Ph ti
index IOBEICUC | 4178 | 3364 | 4266 | 4452 | 3635 | 4390 | 4222 | 3908 | 0.067 | 0.288
diversity

Good’s Lib. Coverage 982 | 981 | 98.1 | 982 | 98.1| 981 | 98.1 | 98.1 | 0.490 | 0.487

 Con, Conventional management; Org, Organic management; A, Andisols; NA, Non-Andisols.

Y OTUs, operational taxonomic units; Ace and Chaol, nonparametric species richness estimators; Shannon and
Phyrogenetic diversity, the diversity indices; Coverage, Good's nonparametric coverage estimator.

) p-value determined using a one-tailed t test (p<0.05). Bold numerals show significance at p=0.05.

aga Al F FHREe o BAS AASA ST, ] ARl 98% o d
9] Good’s Lib. Coveragegs R A Al #3& gotst=n] TS read 75 AT
(Table 2). & FH5(Species richness)E WEFHE OTUs, Ace 18] 3L Chao 1 A& Org-NA
Eo A 247t 4,497, 4,825 24,6222 714 =31 Org-A > Con-A > Con-NA 2.2 7+A3dhe=
S B, 53] Chao 1 AT 7AW Bl #38 vl B 12% S7FstAh
Z ThFAd(Species diversity)= UEF= Shannon A= SFSE 73 18|31 HISHAHS &
6.82 212 2o]E KAt} T3 Phyrogenetic diversity A= Org-NA EJo|A] 44522
74 =31 Org-A > Con-A > Con-NA 0.2 Z+4sts AdS HYgsd, f7146 EQA
3 vl B 20% 12]al SRS Eol M WSS E iRl i 12% ST

ol9} §-AFSHAl Lupatini 5(2017)%= 16S rRNA gene2 ©]-83F B tAE F3 &40 A

o THE, v 2 oAl F7IAH Bl S8 ET, o= HHl 5 Tl
o7t f71Ee S7t= mAE AR AEEHT oz Q) vdet njgE THo] 4 E
BA F el S8k A AL {7l A" vde 2o 9FE £
I et

AW 9 EF S0l BE VAR 23 EEE Ephylm) FEelA BAsiac
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(Fig. 5, Table 3). 33t A= F4&
Firmicutes ~18] 3l Actinobacteria 5-©] %13, Proteobacteria &°] S4FS|E 2l H]|34+3] E o A
Y7} 25.9%, 21.9~249%% 714 =& BXE H YO Cyanobacteria?t AD3+ 3}4Hs] Eoj
Aak AT FQ Al £ BEXE Con-A B9 79 Proteobacteria (25.9%) > Aci-
dobacteria (21.6%) > Chloroflexi (14.1%) > Actinobacteria (11.8%) > Firmicutes (6.7%) =]},
Org-A E2 Proteobacteria (25.9%) > Acidobacteria (21.3%) > Chloroflexi (13.8%) > Actino-
bacteria (12.4%) > Firmicutes (5.1%) 2.2 FAIS X & BT ¥HH Con-NA EY
Proteobacteria (21.9%) > Chloroflexi (18.0%) > Actinobacteria (16.6%) > Acidobacteria (14.3%) >
Firmicutes (13.1%) <=°]3L, Org-NA E 2 Proteobacteria (24.9%) > Firmicutes (21.0%) >
Actinobacteria (16.2%) > Acidobacteria (12.9%) > Chloroflexi (7.9%)%] #X& HJt} 53],
Firmicutes %2] X+ Org-NA EJoA 21%Z 7F &3 Con-NA 13.1% > Con-A 6.7% >
Org-A 5.1% <02 7HA3F 21, Acidobacteria ¥-& Con-A°l A 21.6%=Z 7F4 =1L Org-A
21.3% > Con-NA 14.3% > Org-NA 12.9% 0.2 7+A3d =t A= 48|29 Ad)A)
v EokellA 2 Aol dTh

oldel Aol Joa (20092 AFA I E FEAAA A= THEA 2
Proteobacteria (37.7~45.4%), Acidobacteria (12.2~20.4%) “12] 3l Actinobacteria (8.1~17.1%) &

Alet F-2 Proteobacteria, Acidobacteria, Chloroflexi,

¢

100%

00% -+ .l..........l. ETC{under 1% in average)

20% | - | o o B Mitrospirae

W ADS3

B Actinobacteria
Chloroflexi

B Cyanobacteria

B Acidobacteria

B Verrucomicrobia

Rehltive abundance (36)

B Firmicutes
M Bactercidetes

B Gemmatimonadetes

N Planctomycetes

Con-A Con-NA Org-A  Org-NA ® Protecbacteria

Treatment

Fig. 5. Relative average abundances of soil bacterial Phyla under different cultivation
systems and soils of Radish. Bacterial community composition determined using
16S rRNA sequencing-based anlaysis. Only the phyla that were present in relative
abundance of > 1% total sequence tags. Con, Conventional management; Org,
Organic management; A, Andisols; NA, Non-andisols.
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o] MA 2] oF 58.0~82.9%% AR, AHIEHE 5 FAAHQUA QAEL AT
H Fxo) 93-S Frha 3192 M, Buckley9t Schmidt (2003)2 A7 Bk
2 EY uAE 7o dFS vE 7 oy dAARI EYHE T viAE 9
E3F Armalyte 5(2019)2 E%F DW% T3 %7512‘5} *OEHE A
A AR EY x2S pHE Zte EYdAE &
HAAE 248 7HA T oka sith £ AFelAe Z‘z}&éﬂiﬁﬂ 7§T Auy =
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Table 3. Bacterial phyla composition under different cultivation systems and soils of radish

Treatment”
Phylum Con-A Con-NA Org-A Org-NA
%o
Proteobacteria 259 219 259 249
Planctomycetes 4.4 29 4.0 33
Gemmatimonadetes 3.9 3.6 2.6 4.0
Bacteroidetes 2.4 1.8 32 2.6
Firmicutes 6.7 13.1 5.1 21.0
Verrucomicrobia 32 42 4.8 43
Acidobacteria 21.6 14.3 213 12.9
Cyanobacteria 1.1 - 1.2 -
Chloroflexi 14.1 18.0 13.8 7.9
Actinobacteria 11.8 16.6 124 16.2
AD3 1.2 - 2.0 -
Nitrospirae - 1.4 1.4 1.2
ETC (under 1% in average) 3.7 22 23 1.6

2 Con, Conventional management; Org, Organic management; A, Andisols; NA, Non-andisols.
T f71A el ok B el £ LEfSe #4]

A ] 2 Eg TRE VA E 7S HESHE biomakers 27| 913t LEfSe 4
A A 3F A THTable 4). LDA score #t©] 2.5 ©]7<l 17&2] OTUsE Lo F(phylum)

o
=
0| A= Firmicutes, Acidobacteria, Planctomycetes, “L2] 3L Proteobacteria 5 4%°] f2]3%F



492 I BT ESEE
ZFol & B A TE 53] Firmicutes &2 LDA scorex= 3.9 (p-value, 0.019)= Org-NA EFol| A 7}

=
2L

O

A =okom, E(genus) =AM E Bacillus (Firmicutes)”} Org-NA EFo A f-2f3tA S7}
] A tH(p-value, 0.034). WEFA o] & H]AEC] Org-NA2] Hlo| QAR FH = ¢ o ™, LEfSe
BAAgoME G714 183 HFAS| EoA =& BIXE WHYthFig. 6 & Fig. 7).
Bacillus %5 5+ 32?1 PGPB (Plant growth- promoting bacteria) = &2 (e.g., auxin), &
A5 (e.g., surfactin) 2] L cellulase, phosphatase 53 2 #7|& E3] #H a425 A4k
e 83 7FE YA Jon wPZF o7 wol &85 rHBacon et al., 2015). &
3] o]Hel AFolA] Firmicutes ¢ FTHEE HH By Ao =t dPor
(Wepking et al., 2017), Liao 5(2018)%= LEfSe #4& T4 Al §71An] EolA 10

>

Table 4. LEfSe analysis identified the most differentially abundant taxa under different
cultivation systems and soils of radish

Taxon name Taxon Taxon phylum LDAZ) P-value” Treatment”
rank score C-A | CNA| O-A | O-NA
Bacillales Order Firmicutes 4.0 0.019 6.04 | 12.30 | 3.95 | 19.67
Bacilli Class Firmicutes 4.0 0.019 6.06 | 12.31 3.99 | 19.69
Bacillaceae Family Firmicutes 3.9 0.024 426 | 10.51 2,61 | 17.48
Firmicutes Phylum Firmicutes 3.9 0.019 6.70 | 13.08 | 5.13 | 21.00
Bacillus Genus Firmicutes 3.9 0.024 4.07 | 10.07 | 2.51 | 16.79
B"””“; ’ng"’e”"‘m Species |  Firmicutes 34 | 0034 | 089 | 495 | 035 855
PAC000121 o Order Acidobacteria 33 0.046 293 | 053 | 246 | 0.09
PAC000121 Family Acidobacteria 33 0.046 291 | 052 | 245 | 0.09
Acidobacteria Phylum Acidobacteria 3.2 0.039 | 21.60 | 14.30 | 21.30 | 12.90
Planctomycetes Phylum | Planctomycetes 32 0.040 437 | 288 | 4.04 | 334
Myxococcales Order Proteobacteria 3.2 0.034 229 | 091 2.00 1.61
Clostridium Genus Firmicutes 2.7 0.039 0.21 045 | 035 | 0.84
Clostridiaceae Family Firmicutes 2.7 0.046 025 | 047 | 037 | 0.90
HM748676 g Genus Acidobacteria 2.7 0.045 0.86 | 028 | 096 | 0.10
EF516743 s Species | Planctomycetes 2.7 0.044 064 | 0.10 | 042 | 0.01
Rudaea Genus Proteobacteria: 2.6 0.039 0.91 0.11 0.75 | 0.19
Brucellaceae Family Proteobacteria 2.6 0.043 022 | 0.03 | 043 | 0.14

9 The threshold on the logarithmic LDA score for discriminative features was set to 2.5.
Y DMRT (p<0.05)
¥ C, Conventional management; O, Organic management; A, Andisols; NA, Non-andisols.
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N & mAdE E327F B3 vl fFolsiA S7HEReH, o5 mAd=S R Bacillus

(Firmicutes)o} 22 2= F71& 7H-3ket ddd vjd=olzta &3t

Fig. 6.

(A) Phylum-Fimicutes

C-A-PS{2) 7.18520
C-A-P5{3) 6.21381
O-A-PS{2) 6.38950
E O-A-PS{3) 3.B7403
C-NA-WR 11.9%027
E C-NA-DH{1) 7.69231
a CHA-DH{Z) 16.48850
™ C-MNA-HW 16.16033
= O-NA-WH 20.00054
O-NA-DH{1) 21.835596
O-NA-DH{2) 22.37304
O-NA-HW 19, 79656
o 3 10 15 20 23
Taxonomic Relative Abundance
(B) Phylum-Acidobacteria
C-A-PS{2] e 7253383
C-A-PS({3) 20.24929
O-0-PS{2) - 7, 27334
E 0-A-PS{3) - 1 5. 14825
C-NA-WR - 14.566592
E C-NA-DH{1) 15.01023
a C-NA-DH{Z) 17.36522
™ C-NA-HW — 10.18%02
= O-HA-WA - | 4, 55526
O-NA-DH{1) - —— ] 3}.6227 5
O-NA-DH{2) - | 3. 33374
O-NA-HW - ——— 10,0534
3 10 15 20 23 30
Taxonomic Relative Abundance
(C) Phylum-Planctomycetes
C-A-PS{2) - ., 50340
C-A-PS{3) 4,23351
O-A-FS{2] I — <, ()1 (50
! O-A-PS{3) - L. (G807
C-NA-WR - 2.84206
E C-NA-DH{1) < 2.46236
e CNA-DH(Z) 2.43342
= C-MNA-HW - 3. 70665
= O-NA-WR s 7, 75764

O-NA-DH{1) - ——— .1 77
O-HA-DH{2) - 25348
O-MA-HW - I — . 5i0E 45

2.0 2.5 3.0 3.3 4.0 4.3 5.0
Taxonomic Relative Abundance
Taxonomic relative abundance of the most differentially abundant Phyla under
different cultivation systems and soils of Radish. C, Conventional management; O,
Organic management; A, Andisols; NA, Non-andisols. (A), Fimicutes; (B), Acido-
bacteria; (C), Planctomycetes.
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(@) 0O Con @ Org
o-Firmicutes: Bacilli: Bacillales ' H H
c-Firmicutes: Bacilli
f-Firmicutes: Bacilli: Bacillales: Bacillaceae
p-Firmicutes
g-Firmicutes: Bacilli: Bacillales: Bacillaceae: Bacillus
s-Firmicutes: Bacilli: Bacillales: Bacillaceae: Bacillus: Bacillus megaterium...

p-Planctomycetes

o Proteobacteria: Deltaproteobacteria: Myxococcales

p-Acidobacteria —
f-Acidobacteria: Solibacteres: PAC000121_o: PAC000121 _f —
o-Acidobacteria: Solibacteres: PAC000121 o —

-4 -3 -2 -1 0 1 2 3 4 5
LDA Score (log 10)

(b) OA @ NA

o-Firmicutes: Bacilli: Bacillales

c-Firmicutes: Bacilli

f-Firmicutes: Bacilli: Bacillales: Bacillaceae
p-Firmicutes

g-Firmicutes: Bacilli: Bacillales: Bacillaceae: Bacillus

s-Firmicutes: Badilli: Bacillales: Bacillaceae: Bacillus: Bacillus megaterium...

o Protecbacteria: Deltaprotecbacteria: Myxococcales

p-Planctomycetes -

p-Acidobacteria [
f-Acidobacteria: Solibacteres: PAC000121_o: PAC000121_f [
o-Acidobacteria: Solibacteres: PAC000121 o —

LDA Score (log 10)

Fig. 7. LEfSe identified the most differentially abundant taxa under different cultivation
systems and soils of Radish. (a), The taxa whose abundance differed between
conventional and organic cultivation systems; (b), The taxa whose abundance
differed between andisols and non-andisols. The threshold on the logarithmic LDA
score for discriminative features was set to 3.0. Con, Conventional management;
Org, Organic management; A, Andisols; NA, Non-andisols.

HEA o] Acidobacteria ~12] 1L Planctomycetes < SHFS| B A A&l
o, LEfSe ¥4 A3} Acidobacteria 2 7] thH] 3§ E%k"ﬂ/“] =2
(Fig. 6 & Fig. 7). Acidobacteria & E % %71 A 2 i 7HE Sl sk R E
o] (Chaudhry et. al., 2012), H|SE7} @& EF] 23w *g%i L&A ATK(Schlesner,
1994). =3+ Planctomycetes &% heteropolysaccharide®} chiting E3)3}= A EZ B4 &
ol A3 FHUIEA FFY FHo] Y= A= Eiﬂmlﬂ-(Wmczorek et al., 2014;
Wang et al,, 2015). & AFolAE o]F £& TOC §F =&

2 M EAA Al FHE7F =A UEhg oA o] A Ae} "Qr/‘]' 78‘ Fe B
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6. E¢ nl8E LA s ko] A

_4

Al WY D EY FRE Fo3A AolE Hols 3% Al E(phylum) 29} EQ
stetA, M EAE 2 & £ 243 TH(Table 5). 4] A3} pH, EC,
Ex-Ca 18] Ex-Mg 59| 3}8H4-2 Firmicutes 5 359 Al &3 213 A4AFA S Ho]
A okgkt}. Wk ol {-&A4HS Firmicutes2} 733 ool AHBA(=0.65)E HH2H, Acido-
bacteria®} Planctomycetes®ti= 23t 59 AAAAE B X3 EZF T2 Firmicutes
9} REQ oko] AAAAE BHYOoL Fogde g A01dobacter1a9]- Planctomycetes $}+=
e o] ATHBAr=0.60" 2 = -0.827)F e 183 DFLE A E49-S Firmicutes
o} wi-$ 743 oFe] AABA(=0.81"), Acidobacteria®t= 73 22 AAAA(1=0.59)F K
At 183 F/7184 S Firmicuteset 733 22 A#-#AA (1=-0.75"), Acidobacteria 2
Planctomycetes9H= 723 4] ABABAA(=0.85" L =0.7)S RI=d nAEAFE o9}
H] =3 73 3ol Tt

Table 5. Correlation analysis between soil properties and differentially abundant Phyla of
different cultivation systems and soils

Phylum pH EC? |AvP,0s| Ex-K | Ex-Ca | Ex-Mg | TOC Cmic DHA

sk

Firmicutes 0.28 -0.20 0.65| 0.53 0.21 0.39 -0.75" | -0.45 0.81

ok ok

Acidobacteria | -0.19 0.50 -0.42 -0.60° | -0.09 -0.33 0.85 0.75 -0.59

* *

Planctomycetes | 0.10 0.07 -0.36 -0.82" | -0.13 -0.48 0.70 0.62 -0.18

DEC, electrical conductivity; Av. P205, available phosphate; Ex-K, exchangeable K; Ex-Ca, exchangeable Ca;
Ex-Mg, exchangeable Mg; TOC, total organic carbon; DHA, dehydrogenase; Cmic, microbial biomass C.
¥ Significant correlation was showed in bold. Significance levels: **p<0.01, *p<0.05.

o]4to] Aol A Fuimicuties &2 &4}
Beom HFANIE TEa fr)AWe U
Acidobacteria -2 53] TOC &3} 73gE 42 ]
= Aoz BA oA AFolA Joa 5(2013)= A E WEGNA FHIIEA gt

FAhES B B2 5o FABAR=0.57)E Rlth
F HAE AHAE EG 47 DA% Bo] e ¥

>~l
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82017 ABA S 7] st FASAT Ak o7 fr]ef o] Auf ol o}
& a2 At FE Aeke BolAe ¥doy EF nAEAY, a4 24, F
gk ZpolE BT} RiHo| E¢F FRol
AL FEg xlol& KAt 53] f7]A
T 2 AP 28 g EA o] ST o,

Org-NA EJoA &dFi2as 84, T FTHEE(Chao 1) 283 F TS (Phyrogenetic
diversity) A7} 718 =3t} F Ab) Bl X3t = 8 AlF &2 Proteobacteria,
Acidobacteria, Chloroflexi, Firmicutes —L2] 3l Actinobacteria 5 55°| o™ Aju] Wy 2L &
oF Z5Fo AAIR ] Proteobacteria £©] FAFS] Eo| A 25.9%, HISFAFS] E oA 21.9~24.9%
27 & X5 Bt 18a thAR SIS B S E B¢ SREE FARE
T3 24E& BRon, s EdAe Au WEE 8 7o 7F] 2ALS 2 Aort ¢l
Ao} MBS B M= 2olE RYTh 53|, Firmicutesi= Org-NA EFNA 21.0%,
Acidobacteriat= Con-A°l A 21.6% = 74 &2 EX & BEcd dAZ 45| B #afx)
H EofollA &2 A Btk =3 Avf 0 2 BEY FRE v E 7S dEste
ol eutAE 2h7] 98le] LEfSe #4918 AA|3H A3 Firmicutes &2 £3X7} H|SHAH E
o 1A BEefoll A FostAl S7ketdth Telal B 3 Tl SHrIea S, #
B8R4 183 X3P LF T2 Firmicutes 5 T8 M+ &3 73 FBBAE B
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