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Abstract

BACKGROUND: For sustainable agriculture, there are
various agricultural practices including low input. Over the
last few decades high input of chemical fertilizer and
compounds results in environmental pollution and
deterioration of soil fertility. Soybean (Glycine max L.) is
well known eco-friendly crop due to their symbionts.
Soybean has a relationship with nitrogen fixation bacteria
called rhizobia. In this research work, we investigated
effects of soybean cultivation on soil microorganism
activities.

METHODS AND RESULTS: Experiments
conducted in pots and potato cultivation was used as

were
reference. Soil chemical properties were analyzed
considering soil nutrient over cropping period. For the soil
microbial community analysis, dehydrogenase activity
analysis (DHA) analyzed along with denaturing gradient
gel electrophoresis. The results showed that higher soil
organic matter in the soybean cultivation soil than in the
potato cultivation soil. Available P,Os concentration
increased gradually in both pots but showed higher value in
the potato cultivation soil. DHA value implying microbial
activities showed higher value in the soybean cultivation

*Corresponding author: Gyeryeong Bak
Phone: +82-33-330-1950; Fax: +82-33-330-1519;
E-mail: bgl1228@korea.kr

soil over all cropping period.

CONCLUSION: The cause of high microbial activity in the
soybean cultivation soil was considered to the effects of
some specific microorganisms related to soybean
cultivation. Therefore, the availability of soybean
should be

encouraged in terms of microorganism community activity

cultivation for sustainable agriculture

in soil.

Key words: Dehydrogenase activity (DHA), Denaturing
Gradient Gel Electrophoresis (DGGE), Low input,
Soybean
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UE A 7Fed wSlo] o2 & MEE FEEaL gl
A& 7hsdt w9 dstow ZHBH‘ﬂqW speh| 5.9} FoF
= EH A7) 1% A3 EANE ARSlaL 3tk (Bhardwaj et
al, 2014). ESWISEE fAletal B9k vdE 9 24
Al frElgh Zow HgtA7)7] Sls) S Aol
obd ofy] #=9 E#AVE sl Qlon, 53] FE
& AFAAe FAT1E S A8kl itk Lithourgidis
et al, 2011).

A7) Rhizobium™ Bradyrhizobium?2]
#3} TADAE FAek HGlycine max L) & A
A A sk AEE AR ERSEe] S9E1 o
T A AR F e gk I 3k dAaud
o] EFola AEAG oRt gl S @Y, Aol
ﬂoi(siderOPhore) A, Aol B ) 374l &t
S T A oY =S FEl weinor, aee av
S v solN oS FElsk vehdtle A 9ol
AUSTHHan and Lee, 2005; Zhang et al, 1996; Hungria
et al, 2017; Bhardwaj et al, 2014).
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TE 37 <7Vt HHeidari et al, 2016). B2
H(dehydrogenase activity analysis, DHA)> 22515
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ATl F& Aue B¢ vidETHE S Ak Sl
3 Eriad e olgdle] BRI YRS
=7g3ta1, 16S rRNA 32 EMLOE ¢t PCR-denaturing
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Table 1. Sampling date of soil

= W dHH

Al =4 2 aHF AT
B OAIES 20159 HFE 20179 TR TS
4 PR E R FYEGITE ARES
TRAIEZA G718 o] 1 kg B 1 g vwelly] wE
35 Auie 10719) A4 pot (217 35 cm, W7 29.5 cm,
0] 30 cm)ollE T BN B(NP,05K0=999% 65 g
)5 170 g¥ ¥3laL, RS AE 10709 potoll= T
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T2 mm A2 HA BAANEE FHEIgi E
Fstehd A2 pH, 7158 FEJHAY. P0s), A%
A Fol(K, Ca, Mg), ECE 27t S7d6ioirt. A2
Y= BEF W A=A EAH(NIAST, 2002)° &
sto] pHE A7 =%(EC; Electric conductivity)i= A
=1, 7158 CN#4Y7](Vario Max Cube elementar,

4

2015 2016
May 20 June 11 July 22 October 13 May 11 July 18 September 20
Soybean Harvest Harvest
Before fertilization Before sowing Flowering Before sowing Flowering
Potato After harvest After harvest
2016 2017
October 26 April 10 May 10 July 5 August 21 September 26
Soybean V4 stage*1 R5 stage*2
After harvest  Before sowing After harvest After harvest
Potato Leaf development Harvest

Soybean early leaf development period
2Soybean late seed development period
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Hanau, Germany)® 43RS 43 $ ilkeisly,
ARIHEE Lancaster *H ol wWet UV 720 nmelA 54
(UV/VIS spectrometer, Lambda 25, Perkinelmer Co.,
Norwalk, CT, USA)3l3om, X84 ool &sleke 1 M9
NH4OAc FEH 02 E6}0] dad4]7 (Inductively
Coupled Plasma Spectrometer, Optima 2100DV, Perkin
Elmer Co.)Z #A3}3ith
EY0MEZLTE 4 2N

/\I@E‘*"] nEEMI = triphenyltetrazolium chloride

£ 7R AR B a8 H(Dehydrogenase activity
analysm)—‘ o]-gslo] Z3IATtHCasida ef al, 1964). E
SAE 6 gt CaCO; 0.06 g& Z33t 1 mle] 3% TTC
(2,35 Triphenyltetrazolium)€-}#} 2.5 ml¢] SF+E 7}
sto] Z MojF & 37°CollA] 24A17F HjSF & methanolS
Whatman No.2 9324l 100 ml7H4] oj#A7] 3 g
+ 485 nm(UV/ VIS spectrometer, Lambda 25, Perkinelmer
Co., Norwalk, CT, USA)ol|x &4 3lo] 24A])7HEer B
aiol ol ghl® TPF(1,3,5-triphenylformazan) @] %o
2 3tsklth

Denaturing Gradient Gel Electrophoresis(DGGE)
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&3+ 22} PCR ¥, 357F-GC (CGC CCG CCG CGC GCG
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2 AEZEE fYdct A B FolA 4A 243} F
B2 Ao Pe2 wgH Qlike] Axf o AE S-S
Adllshz ¢gle] itk Lee et al, 2012). A= AlS pot
o] Eoke = AMgt B nluE igle w akgke]
oA =2 FXE Btk Fo FH= Proteobacterialt
Actinobacteria, Bacteroidetes, Acidobacteria, Firmicutes
ol $43tH, ol JFEwd U frIERde AE F
3 58 X35t vt 4R tHLee ef al, 215;
Sugiyama et al, 2014). Baker 5(2013)¢] HiloM%E F
o] A&l EFo] HE F83% Al S e, F=
71w et WA #AY Proteobacterias R SHCH
ST olgA FAE T mAETHE AEHAEY
wETse] TR A Ay
g2 UEhlS Roz 7

=] N2
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Fig. 12 33} A2 3zt Apullsisle
’3"(Dehydrogenase activity analysis, DHA)®]
e s BAS s vEbd Aot
% =2 A(rhizosphere)- FelolA wlEEE 7%
=] o] Frkshs Y9oltHDavid et al, 2005).
201558 2017'd7H4] T2 At Eke] 735 DHA #%
o] ZAAE Aplst BEYRTE SAXOE FoetA =A e
WoE T o] A4S EQeAE 3RS Ao
o Aol vls G Aol Thset Zlem g4 Stk
weba 2 Al A 3l F= ApiE Eqko] A= A
wjgh Eokrtt & DHA #h2 Bl 2 3] 3AndE
o] #IISL7] wWiEel AoR FHEh AES Fashe V)
2 A s nAEEA T 89l ¥ A Y
Eid 218 FEe] S HA2E7) 25°C Yol e
F=¥tHZhang et al, 1996; David et

Table 2. Soil chemical properties on soybean and potato cropping period of 3 years

Date Cro pH OM. Av.P;,0s K Ca Mg Na EC
P (1:5) (8/kg) (mg/kg) cmol /kg (dS/m)

Before fertilization 6.6 0.66 0.76 0.1 8.8 0.8 0.1 0.3
15.05.20 pre-cultivation 6.6 0.7 65.5 0.1 8.8 0.8 0.1 0.3
soybean 7.3 1.0 437.9 0.2 3.9* 0.9 1.9 0.2

15.06.11
potato 74 1.1 427.8 0.2 3.6 1.1* 1.9 0.3
soybean 6.5 34.8 835.1 0.7 8.8* 21 0.3 0.5

16.02.15
potato 6.7 13.7 646.2 0.4 6.8 2.0 0.2 0.5
soybean 6.0 22.7* 888.6 0.9 5.7 1.3* 0.2** 0.3

17.04.10
potato 52 15.8 1628.9* 1.1* 3.5 1.1 0.1 0.3
soybean 6.5 15.9* 614.2 04 5.2 1.0 0.2 0.1

17.09.25
Potato 7.1 11.3 1038.1** 0.3 4.4 1.5* 0.2 0.1

T test, *p<0.05, **p<0.001

=@®=—soybean ==®=potato

DHA value
(ugTPFgt 24h71)
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Fig. 1. Dehydrogenase activity analysis of soybean and potato cultivation soil over 3 years. , T test, *p<0.05, **p<0.001.
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T3 ZA] FQ AS7|E £33 52 DGGE A3
A 42 band & F74°] € bandE Table 30 HERAICE
DGGE 4] 2#} A5713F B2t 33 12 Aljgt Bk
FHSE alo] & Holx| dgtor, 7 EoF BT e 7Ht
B2 mjAlEe] FgsSoH, A 5714 HA Proteobacteria,
(phylum)ell &3sh= Altse] ER1EGIT dvzos
Proteobacteria= TFFst 259 @ 88k v[APER
&&= 9low|(Chaparro et al, 2014; Pfeiffer et al, 2016;
Lee et al, 2015), 42174, f71% £l 9 45509 o4
A= HAEET Aol vkl RuE T 9t Medes ef al,
2011; Baker et al, 2013).

Ak A3KFig. 2, Fig. 3) 28 5710l whet ozte st
AWz S gRleglon], 58] 1Ak g7l 7
theFgt sl FAE T AAE TS o A=
oA S Eoke] mAETHS dEo] Ak AY, AHE
T, B 283 Fe A7l meh WEtha BaEe] §l
CHBarnett et al, 2015; Lee ef al, 2015; Dundore-Arias
et al, 2017; Pfeiffer et al, 2017). A A57)0l A Z3}
A Al BFell A 12 &) mdEo] 3EAoR dHUL

T A B4elrs 2F, AAE At BEdelM= 5%

o] Az 5ol4 vjllEo] kR Y F B vy
B B T nAES 3EOE o] o]FolA qlow,
HAE Al Bl 2= v W2 vl Fol gHsl
t} 53] 3-& At BN ER1¥ Bradyrhizobiaceae
Y{order)> TS| A O R U Bradyrhizobium

Ay " odeor st v FEW HEWHe
DGGE #419] 545 12 u, F+ =5 Aulsiis o
EduAETA Y Aol AL Wi 7R o] vEEo]
wofstar gle Zo® A7t Table 3014 AXE F 2
AAE Al EokolA] AZE¥ band5S WltolojsioR &

ko

Table 3. The identification from 16s TRNA gene targeted DGGE analysis on 2015 grown season

¥akely Q= Eog Ay 7)ojste] AEAS
25 Zrlu &4 UtkBai et al, 2003).

Date 06.11 07.06 08.20 09.18 10.07
. Seed *tuber
Crop Before sowing Leaf development development Harvest After harvest
. Proteobacteria
Sphingobacteriaceae Bacterozdete§ Staphy ]ococcac.eae Aquicella Proteobacteria
. Proteobacteria Proteobacteria . .
Alphaproteobacteria . . . Betaproteobacteria Rhizobiales
. Alphaproteobacteria ~ Microbacteriaceae . .
Soybean Proteobacteria . . . . Burkholderiales Bradyrhizobiaceae
. . Actinobacteria Actinobacteria . .
Actinobacteria . Staphylococcaceae Actinobacteria
. Streptomycetaceae  Alphaproteobacteria .
Micrococcales . L Alphaproteobacteria
Burkholderiales Rhizobiales !
Micrococcales
Proteobacteria
Flavobacteriaceae Bacteroidetes Staphylococcaceae Pelomonas
. . . . Comamonadaceae .
Sphingobacteriaceae Proteobacteria Proteobacteria . Proteobacteria
) ) . ; Burkholderiales .
Alphaproteobacteria  Alphaproteobacteria ~ Microbacteriaceae . Flavobacteriaceae
Potato . . . . ; Sphingoonadales .
Proteobacteria Actinobacteria Actinobacteria Alphaproteobacteria Rhizobiales
Actinibacteria Streptomycetaceae  Alphaproteobacteria P 1ap . Actinobacteria
. . o Actinobacteria
Micrococcales Burkholderiales Rhizobiales .
Micrococcales
Betaproteobacteria
Leaf.growth Leaf.growth
Seed.development _ Tuber development
Before.sowing Before.sowing

After.harvest

After.harvest

Fig. 2. Overlapped DNA fragments depending on growth stages cultivated soybean(left) and potato(right).
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Soybean Potato

Fig. 3. Overlapped DNA fragments of soybean
and potato cultivated soils during growth stages.

wepy 22 Ale £old Hol: ¥ DHA #he o
Ve IAE ol o A ot FE ARG A psh
L 250 ulgE ol o)f Ao BrieH, GRSl
Aze bRl FARAo) ol Ao e, His

[¢]

AT AN F Az B e el v
]

2= 9 60 3t A= gea 2o 7] vE 9 EHh)
o] & o7|EL Au7 7 U 2L Aust 32o] 7S A

Rl 5]—‘?‘—@‘4‘ A vehgon], B¢ & a3 Aulst
Eofl nlsl RS A Bl tha w2 S B
th DHA #k2 35 APl Eoko] A5713F kel A4 7+
A2 AulEt EYFEG Fo5HAl A v EdrdE 24

E7b 35 AE Bl SUHEe & o 3l oled A

e FE AE B 1B Skl 9% TR
Aoz ¥t DGGEZ ESvAETHS 4
Proteobacteria iHphylum)oll &38h= mlEE0] 35242
2 glEglon, ZAE Apst Beko] T2 At BT
thefg mpdEo] S wSIh 3, T A B w2 B
e EE T AR Al S a5 54 vlss

of 9%t oz ATk

il
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