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A comparison of community structure and denitrifying ratio for
denitrifying bacteria dependent on agricultural methods and seasons
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We studied soil composition, N,O production, a number of
denitrifying bacteria, community structure and T-RFLP
patterns of denitrifying bacteria dependent on agricultural
methods with the change of seasons. Analyses of the soil
chemical composition revealed that total carbon and total
organic carbon contents were 1.57% and 1.28% in the organic
farming soil, 1.52% and 1.24% in the emptiness farming soil,
and 1.40% and 0.95% in traditional farming soil, respectively.
So, the amount of organic carbon was relatively high in the
environment friendly farming soils than traditional farming
soils. In case of N,O production, the amount of N,O production
was high in May and November soils, but the rate of N,O
production was fast in August soil. The average number of
denitrifying bacteria were 1.32 x 10° MPN - g in the organic
farming soil, 1.17 x 10* MPN - g in the emptiness farming
soil, and 6.29 x 10° MPN - g in the traditional farming soil. It
was confirmed that the environment friendly farming soil have
a larger number of denitrifying bacteria than the traditional
farming soil. As a result of the phylogenetic analyses, it was
confirmed that six clusters were included in organic farming
soil among total 10 clusters. And the result of PCA profile
distribution of T-RFLP pattern on agricultural methods, the
range of distribution showed wide in the organic farming
method, relatively narrow in the conventional farming method,
and middle in the emptiness farming method. Therefore, we

*For correspondence. E-mail: krpark@hnu.kr;
Tel.: +82-42-629-8770; Fax: +82-42-629-8769

could concluded that the distribution and the community
structure of denitrifying bacteria were changed according to the
agricultural methods and seasons.

Keywords: agricultural methods, community structure, denitrifying
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Bollis 9, Wl o) shel, Ak, ek Al o2
A3 Fje] o @ THgo] Yol ARIA e A%} S=8Ae} A
A o) SRot 5w, Tag, A B, S, 1AE 27
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(NO;-N)2} 4F5H1£(NO), OHHH A £(N,0) & 717 Na 7}
A2 FEl = 0 2, o]of| Toddl= G- Thiobacillus
denitrificans®} -2 5 S F A Qo= 58 53}
A Z4 o oFA| o] ti(Payne, 1973; Thomas ef al., 1977).
Wrom YA 5AA Aad 1) £ Aolo
AL Elojghth(Jarvis, 2000). T HE R EHE HAAS W
Z517] 9l ul 2 An] Z7h2 AR o) kAt A5t
of o] Fd = o] T A St PRt ele
2 o]ojx|A| T]1(Foster and Young, 1980; Galloway ef al.,
2008; Stark and Richards, 2008), N,O 2 aF= ZS7FA| A R
L213}o]| = k2 UK Crutzen, 1981; Hong et al., 1993). Wt
H, SN F2 g oA AAYS A AR R F)
A 2] 374 5ol A Z-8-E(Schmidt ez al., 2003), B Al
o AATRE N0 7ht o] Aol ol gel7]x B}
(Scherson et al., 2013). wjajx] &2 AR 2 2 &7 B 7 9]
SHoA Fa3 oo F 2= A=shA wkgolnt. Teu e
A2 ekl Pofalis ul 4R Fo) ek}, Be|
T 0] 719 80%F AHA|st= N0l W, T 57| 2] 7
2 19179l Wagle) U 718, Autel 28 ARE 54
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EJgtu] & =%3}+= acetylene block method 7} 7] &= o] &
Ae-S vz JEslA &3 & 4= chBalderston et al.,
1976; Tiedje, 1982).
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© &2 AY7kE|o] ojof tfgt A7t B @ shetal A7) 1
L S-2jutete] A A= Fl A g3 golu SR oA o '
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A, F W 2 A2 3 mge] EF A RS AFULE
A 7|(FLASH 2000 Series Automatic Elemental Analyzers;
Thermo) o] §:5fo] 2735191e}. 2] 31 % Q14F 2.2 o}~
FERF S-S o] §5to] HxH B2 g2 AA T &
ammonium molybdate (Sigma-Aldrich)2} ascorbic acid (Sigma-
Aldrich) & 5:12 412 E5to e H71sto] ALolA 15 B1b
HE2-2]7] % 880 nm AF2] A E337](Lambda EZ201, Perkin-
Elmen 2 27510} 24515, 3 thach 5 719 5 771
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3 of7}slo] 287 ek B A 7 (vario TOC cube, ELEMENTAR)
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7¥sto] A7) & 2} A B3g7](Lambda EZ201, Perkin-
Elmer)o]| A 440 nm 2 Z7435}o] &¢16l1, NH, = ARE E
& 1g50.5MH,SO4 30 ml 2 1A]7F5-QF ZIg51arL of 13t 5
o] 7 nlE 72}1|(881 Compact IC pro, 844 UV/VIS Compact
IC, Metrohm)= 0]-8-5}o] 2459t}

SN = EA

712 AAAE o] &= 84 Al 4= MPN (most
probable number) W'H S & =431 5, 71 Z7}-5 most probable
numbers calculator (version 4.04, Ohio, USEPA) T2 1S
°]-§-5to] A 3F3ITE. Nitrate broth HiX|E Aol 9 mIA]
HEsto] et 3 Eof Al S 6 BA(107~10°) 2 345}
o] WE3}t & nitrous oxide reductaseS AR A 7]= C.Hy 7}
0.1 atmO] ¥ =5 2AL7| &2 32913 $-30°Cof|A] 14 7 vl eF
SHRAL, th 2t 7 S]A A o whel Al i O Al e =
ulatol 714 oAl Z5as Fleked wiokalale. 1 5 Al
| Aol 4 0.1 mle] Al FE A F3ho] k2 AR 1eh
I (iGC 7200; Donam system) 2 N,O A4 o] L& &H2I3t &
o<t vl aLsto] Hpositive) 9] gho] Lhe= 2+ = 5}
AT 5 MPN B o g A sto] e Al 5 2¢l

ahe.
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g N

AR vjost, 357139 A o 2
(DPI 705, Druck) = 0]85}0] 91218 Z495}31, GS-carbonPLOT
column (J & W Scientific)@} TCD 7} £-2+= Donam iGC 7200
7 AEhE e o §310] NaO WHAIRES: 251 ¢ict. o]
o) SRR WS A0 48 12 psic 3 miimin
2 ZA38}3, oven?] &&= 35°CH, detector—=200°C =2 %4
5L, A7IA 2 W 2] 742 0.1 mio]] SH-7-E NoO -2 4
shalch 71A A RFEN0E 7FE Amne e e 54 &
G A RS o1t 5 o] & AeukE T12t(881 Compact IC
pro, 844 UV/VIS Compact IC) & =73} ch

igital pressure indicator

EUAM2| DNA 22|

EQFA|wt2] DNAE= 0.5 g9 EYAIRE Ultra Clean Soil
DNA kit (MoBio)E ©]-83}o] 22|50, 2|5 DNA=

-20°Co] Hasto] Aol ARg-shith

nirk S7Xte| PCR (polymerase chain reaction)

Ultra Clean Soil DNA kitE 0]-&3}0] EOF A2 DNAS
223 %, nirK primerS o] 3101 514 bp 77]9] SAAE
GeneAmp PCR system (9700, Perkin-Elmer) 2 ZZ3}$it}
primer+= nirK 1F (5'-GGMATGGTKCCSTGGCA-3")2} nirk
5R (5-GCCTCGATCAGRTTRTGG-3')S Ah8-5151.© t#(Braker
etal., 1998), PCR HF-2-295°Cof| 4] 152 7FDNAE HA A 7]
3,10 cycle-295°Coj| A 30 %, 58.5°Col| A 40 %, “18] 31 72°C
of| A 4027t ASFATE oluf primer ARIHA?] 58.5°C =
20| A= primer7} 52 51HA] A6 R ramp 7]5- ©]-&-
3}o] cycle T 0.5°CH] &= 5 3 Q1th 71 3 30 cycle295°C
o A 30, 56°Col| A 30%, 18|31 72°Co)| A 30 %, u}A| 2} =
=2 70°Co| 4] 77k 2 Akt 9hgo] Bk 5 PCR
2N 5 ulE F3}o] 1.5% agarose gel 2 7] 95 510 7]
golst &, PCR purification kit (TaKaRa) & ©]|-&3}o] %%
2o] 30 7k HlEE A, 55 3 F SAR B0 ALg S
t}. ojuff UK EFA F=nirS AR HEE A gotnirS
PR R BT
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nirk {TXE B7IME 24

nirK primer2 %Z3} PCR product+= Biofactof] 2]Z] 3]
cloningS A A]5}2i T} VT201-020 All in one™ Vector 3807
bp (Biofact)2} 3:1 H]-&-= A3} 6 X All In One BufferS 4
7}3t th-2 manual of| ©h2} ligationd}1?, X-gal (20 mg/ml) 1 ml,
IPTG (isopropyl-[3-D-1-thiogalactopyranoside) (20 mg/ml)
100 wl 28] 327 ampicillin (20 mg/ml) 1 ml©] 33+ LB plate©]]
=2 SF & 37°Co)| 4] 24 A17T Hl|9FA] 7] A1 blue-white colony
A o] 9]3] clone library S G-23F 3, M13-20R primer (5’
-CAGGAAACAGCTATGAC-3")2} M13-20F (5-CTGGCC
GTCGTTTTAC-3)E A&5}o] direct PCRS 4=83}%iL}. Direct
PCR-E %3 insert7| 221 clone 2] PCR product= A gt 4
Haelll (Promega) 2 *]2]3}a 4% agarose gel (0.5x TBE bulffer,
45 mM Tris-borate, | mM EDTA)& A}8-5}0] A7) 5S35t
& 7} clone®] 42142 vl watgic). oju) 1% o]4ke] WE g
Z}A] 3= group2 A4 $F 3 ABI 3730-XL Capillary DNA
Sequencer (Applied Biosystem)2- 0]-8-3}0] 7|4 LS B4
3}al, o]& GenBank (http://ncbi.nlm.nih.gov) 2] H|o|EjH|o]
2 AR 2} B W3 & BLASTN 213 0 & AReA] Ao

=885} t) 18] 3 sequence alignment+= Bioedit (version
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7.0.5.1) program © &2 Al 345}o] HESI, AZHE A7 A= 8Y
H-L Molecular Evolutionary Genetics Analysis (MEGA?7)
software (version 7.0.18) & Kimura 2-parameter model-2 ©]-&
3}of(Tamura et al., 2016) Neighbor-joining B © & Z}71+9]

A5 A/dskaL, A# 4 S 918) bootstrap2 1,000
5] s=ays}sc:

T-RFLP 24

T-RFLP+=Biofacto]] 2]&]5}] Genetic Analyzer (ABI PRISM®
3100, Applied Biosystem)Z o|-&3}o] 243519131, T-RFLP
BN Z3) U-2 signal dataE Genotyper (Version 3.7NT,
Applied Biosystem)E- ©]-8-3}0] Z} base pair 2] peak areaS 7+
3}t) o]% Excel (version 2007, Microsoft Corporation) =
A 55 base pair size|| A peck areaZto] §l= —‘:}—‘%—]— 3

base pair ©]5}2] size Z}0] 2 peck 7} 73 A ] +=noise 5

\‘>

29.44%, & A A= 2F0.09%, & BtA = 9F 1.5%, = F-7|E

L 0F0.31%, & -07|BhA L OF 1.16%, & l%°k3 31 gkg, 2
71914k 2F0.32 g/kg, NH,' 2] gHaf-2 ©F 6.25 mg/kg = 2}
¢l = UK Table 1). o]5 oS a5 R o] Bt oF
30.16%, 57155 2F29.07%, F-52F 5 2F29.08%, 12|
AFDEZE= 5 EoF Hot oF 28.72%, 8 EOF W4 oF
31.34%, 11€ EOF Hat 2F28.25% 2 W sH ES 8 &
oko] =1 3leko| H| WA Wk oL} A X F 02 2 2jo]7} 9l
ot 2eu EoRo] = Bateko uak Z & 2]t} 3 Everglades
9] & ] E9F92.67% (Chauhan ef al., 2004), 0] =+ 55 78 &
| EQF 78% (Hoewyk et al., 2000), everglades hole in the donut
& A] B9 59.6% (Smith and Ogram, 2008) 5 5 X EFo] H]
ol aao] oL, Sl G 7370 27 mop
20-40%91= 1[5t $HkS LFER} QI Park and Chang, 1994).
78] 7 & BT & O] BRaT & y|ekhaeke O]k
WOl A ZH2t St OF 1.57%, 1.28%, 0.29%0] 11, FisoF ] o

o

Tt

IS

il

3l & ¥ 3}5}0], Minitab (Release 14.1, Statistical software) & OF 1.52%, 1.24%. 0.26%. TS OF 1 40%. 0.95%. 0.37%
B 22 M9l QolES 5340l Pel 7 el EA5HA 7] TV 20470, 2.45%70, H.20 70, =T A0, B0 70, B 170
o2 A S A7l FisoRs ol A F B
Hol A B A(PCA; principal component analysis) profile j
© Aasto] B 71 gaxwko] Bl A Yebgtet], ol e xlgt
T PR
BB ST QAL 7S AR BP9 =
E oA HAE A A ] tiell = EF] f7|5hA Tl
Aot 3 o 245 2 0 2 WZFECKKim ef al., 2012). T 5 A4 ghape
#7158 e °F0.09%, 50t 54 ©F0.09%, Tels oF
Eg 82 0.08%, % Q17+ % 57]919) Gk 471 WA 242 B
B R A% QARG RS B oF 9F343g/keg, 035 gkg, FuFs oF3.47 gkg, 032 g/kg,
Table 1. Chemical composition of soils
Sampling Sampling Moisture TN TC TIC TOC TPi TP NH,"
site month Content (%) (%) (%) (%) (%) (mg/kg) (g/kg) (mg/kg)
May 29.58 0.12 1.27 0.15 1.13 325.54 4.85 7.21
Organic August 30.32 0.10 1.48 0.22 1.25 487.11 2.87 8.48
farming November 27.30 0.04 1.95 0.50 1.45 243.77 2.55 5.57
Average 29.06 0.08 1.56 0.29 1.28 352.14 342 7.09
May 27.71 0.12 1.31 0.21 1.10 332.14 4.78 6.08
Emptiness August 31.54 0.11 1.54 0.08 1.38 412.61 3.01 8.16
farming November 28.00 0.05 1.72 0.49 1.23 222.51 2.63 3.84
Average 29.08 0.09 1.52 0.26 1.24 322.42 347 6.03
May 28.88 0.13 1.20 0.46 0.74 235.52 4.32 5.32
Traditional  August 32.15 0.09 1.34 0.15 0.98 394.93 2.54 7.41
farming November 29.46 0.01 1.65 0.50 1.14 219.82 2.24 4.21
Average 30.16 0.08 1.40 0.37 0.95 283.42 3.03 5.65
Total Average 29.44 0.09 1.50 0.31 1.16 319.33 3.31 6.26

TN, total nitrogen; TC, total carbon; TOC, total organic carbon; TIC, total inorganic carbon; TPi, total inorganic phosphorus; TP, total phosphorus.
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&)1 0k3.03 ke, 0.28 whke, NH, ™ 3HEFS 97 o]
7.09 mg/kg, F-5°F s 6.03 mg/kg, 43y ‘ﬂ .65 mg/kg ©.
= 2RlE| ik wheba] HA| A 02 F <1, & F7IATNH, =
88l 7M1, 2ol W ol vlsk] =2 A=
ol 3tk e YutA o 7 EoFdHo| A H o7 UA
571 2k A7 ol 89le) A|RolA] 2 AEo) %
7¥She 79 ez, ol 92l ete) 715 544 89)
o] u} ko2 ol3poln] BAS| folat kel 571
2 v o] AR = 7] 71 wikal(Wassmann and Aulakh, 2000) ©|
of ke ojfole} wekicy

2§ MR EX

7IAZNOy & o] &= &4 Aot #32EMPNL = 8
Q1gF AK(Table 2), §-71 5 2] 5, 84, 11 B2 &2
42 717+ 2.79 x 10* MPN/g, 5.49 x 10° MPN/g 6.22 x 10°
MPN/g 0 & B4t °F1.32 x 10* MPN/go] Zxsl= A0 & 1}
B, Fs okl 54, 849, 11 BEFol| A= 242F2.17 %
10* MPN/g 8.26 x 10° MPN/g.5.17 x 10° MPN/g 0. & 4 oF
1.17 x 10* MPN/g, 2345 19] 59, 8%, 119 B0l A= 2}
Z}1.14 x 10* MPN/g 4.21 x 10° MPN/g 3.27 x 10° MPN/g . &
Hak 9F6.29 x 10° MPN/g2] & Alato] A4S 22l 319
o} webA 715 Ege] FetEGE T AR 7t

Table 2. MPN enumerations of denitrifying bacteria
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Fig. 1. Nitrous oxide production (filled symbol) and nitrate utilization
(open symbol) dependent on agricultural method in May (A), August (B),
and November (C). [], organic farming; £, emptiness farming; O,
traditional farming.

Enumeration (MPN/g)

Field station Month NOs™ - utilizing* Average
Ma 2.79 x 10*
o4 (1.00 x 10* ~ 4.58 x 10%)
Organic farming August (.73 ><5].339 j 71 (2) 5% 10%) 1.32 x 10*
6.22 x 10°
November (3.84 % 10° ~8.60 x 10°)
2.17 x 10*
May (6.20 x 10° ~3.72 x 10%)
Emptiness farming August 7132 x81§36 j 91 g 0% 10% 1.17 x 10*
517 x10°
November (1.55  10° ~8.79 x 10°)
1.14 x 10*
May (9.48 x 10° ~3.06 x 10*)
3
Traditional farming August (3.20 X41'§31551(2)2 <10 6.29 x 10°
3
November 3.27x 10

(2.89 x 10% ~ 7.06 x 10%)

Each value represents the average of three independent experiments.
*MPN 95% confidence limits are shown in parentheses.
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ME-48 KC468584.1
MT-24 1Q749767.1
NE-27 1Q749958.1
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Fig. 3. Neighbor-joining nirK nitrite reductase tree obtained from organic (O), emptiness (E) and traditional (T) farming on May (M), August (A), and
November (N). The clones are named according to the origin and time of sampling. Bootstrap values (expressed as percentages of 1,000) are shown at

branching points. Scale bar, 0.05 substitution per nucleotide position.
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Fig. 4. Seasonal distribution of nirK clones in organic soil for May (1), August (2), and November (3). O, organic farming; E, emptiness farming; T,
traditional farming.
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